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Abstract
Vocabulary is a critical building block for establishing mastery of content area knowledge. Two technology-based tools (InferCabulary and Content Acquisition Podcasts for Students [CAP-S]) have been found to have beneﬁcial effects on students’
vocabulary knowledge, but efﬁcacy of device features across varied presentation formats is unknown. The purpose of this study
was to compare InferCabulary and CAP-S on four measures of vocabulary performance. Fifth-grade students (n = 656) drawn
from 30 classrooms across three states participated in one of three conditions to learn 100 new vocabulary terms. Teachers (n
= 30) taught student participants new word meanings via the InferCabulary program, CAP-S instructional slides, or their
business-as-usual (BAU) approach to instruction. Results indicate that when students learned vocabulary using InferCabulary or
CAP-S approaches, they signiﬁcantly outperformed their peers who participated in BAU vocabulary instruction. In addition,
students with disabilities in the CAP-S and InferCabulary conditions scored similarly to students without disabilities in the BAU
condition on most measures. Implications for research and practice are discussed.
Keywords
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Introduction
A lack of content area vocabulary knowledge can be a barrier
to success for students with and without disabilities in inclusive classroom settings (Bryant et al., 2003). If left unaddressed, this deﬁciency may exacerbate literacy gaps for
students who are struggling in elementary school, with gaps
increasing in later grades (Lesaux et al., 2014). Research in
evidence-based vocabulary instruction indicates that approaches including direct instruction, word-learning strategies,
and opportunities to engage with terms in deep, rich contexts
consistently demonstrate signiﬁcant, positive effects for students with and without learning difﬁculties (Elleman et al.,
2009; Kent et al., 2015; Wright & Cervetti, 2016). Yet, practitioner implementation of such practices is often inconsistently
done in general education elementary classroom settings
(Wanzek, 2014). Speciﬁc assistive and instructional technologies, however, offer potential pathways for addressing this
research-to-practice discrepancy (Kennedy & Deshler, 2010).
Recent technology-based vocabulary interventions have
yielded signiﬁcant student outcomes, especially on proximal
measures of student performance across grade levels and
settings (Kuder, 2017; Mize et al., 2018). Literature surrounding technology-based vocabulary programs illustrates

emerging trends that present these interventions as potentially
useful options for serving the needs of students with (SWD’s)
and without disabilities (SWOD’s). For instance, technology tools that (a) integrate evidence-based practices within
their designs and (b) use innovative components are generally associated with positive literacy gains (Cheung &
Slavin, 2013). These innovative applications frequently
include intentional use of multimedia (Mize et al., 2018),
game-like atmospheres (Chen et al., 2018), and interactive
features (VanUitert et al., 2020); yet, more empirical studies
are needed with different technologies and populations.
Although technology-based interventions show promise,
the research base consists of more uncertainties than answers. First, there is a dearth in computer-assisted vocabulary research conducted in general education settings
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(Jamshidifarsani et al., 2019). Conducting studies that
evaluate instructional features and various applications of
multimedia-based interventions is also needed (Mize et al.,
2018; Silverman, et al., 2019). Moreover, one of many
multicomponent problems that exists in special education
technology is the reality that dissemination of instructional
technology in K-12 settings often outpaces empirical guidance
for practitioners (Kennedy & Boyle, 2017). As a result, the ﬁeld
can beneﬁt from comparative investigations of technology that
help determine what practices facilitate vocabulary development for students with and without disabilities. In the present
study, researchers used a randomized, quasi-experimental design to examine the effectiveness of two established
technology-based vocabulary instructional approaches used for
SWD’s and SWOD’s.

InferCabulary and CAP-S Approaches
In the present study we evaluated two technology-based
approaches to teaching vocabulary, relative to a businessas-usual (BAU) condition: InferCabulary and Content
Acquisition Podcasts for Students (CAP-S). Both programs
exhibit research-informed practices and innovative tools that
align with the growing literature-base on literacy technology
(Cheung & Slavin, 2013). Furthermore, both treatments have
preliminary, but positive empirical support to warrant further
testing for SWD’s. However, in this study, one treatment was
provided through a student-led, game environment, while the
other was presented via teacher-directed instruction. This
provides a useful contrast of the two approaches, as teacherprovided instruction requires much more time and energy from
educators compared to a device that students can use independently (Lowman, 2014).

InferCabulary
InferCabulary is a commercially available, device agnostic
web program intended to help students infer the meaning of
unknown academic words, using a series of captioned images
and student-friendly descriptions (www.infercabulary.com).
The program is intended for students to use independently as
a learning game and be overseen by teachers. Although the
game has various modes, the basic functionality is the student sees six images (without captions) and the printed
vocabulary word (without deﬁnition). Each image illustrates
the meaning of the vocabulary term via an applied example.
Students use these example images as clues to begin inferring
the meaning of the term. When each image is clicked, a
caption is read aloud by the program. A screenshot example
of InferCabulary identifying key intervention components is
shown in Appendix A of Supplementary Materials. Students
using InferCabulary will encounter terms numerous times
during its main game mode, providing repeated exposure and
practice for students. The program collects a range of data for
teachers (and researchers) to evaluate. Data include total
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time, number of word encounters, and percent accuracy for
learning terms. The main dashboard allows teachers to view
their classes and individual students, as well as assign
speciﬁc words to learn using InferCabulary by choosing from
category labels, such as “emotions,” “NGSS Science Standards,” or literature titles.
Infercabulary product designers title instruction that uses
multiple images and corresponding captions to support
student inference of word meanings, as “semantic reasoning”
(Lawrence, 2021, p. 52). Though multiple research-based
approaches exist for effective vocabulary instruction,
(Jitendra et al., 2004), this app’s emphasis on deep processing, interactive practice, and multiple word exposures in
varied contexts strongly aligns with well-known practices for
improving word knowledge, such as the robust vocabulary
instruction (RV) method (Beck et al., 2013).
Empirical Evidence for InferCabulary. Kennedy, et al. (2020)
examined effects of the InferCabulary web-based application
by conducting a pilot study with a quasi-experimental design
and counterbalanced conditions. Research questions sought
to address the effects of InferCabulary on the vocabulary
performance of 75 ﬁfth-graders with and without disabilities
when implemented by teachers with explicit instruction.
During the 6-week study, students accessed InferCabulary in
an alternating pattern (InferCabulary, BAU, InferCabulary,
BAU, etc.). Each lesson was a maximum of 20 minutes in
duration and students were exposed to 90 academic vocabulary words over the course of the study.
Results indicated that the intervention was beneﬁcial for
SWD’s (N = 11; average effect size (Cohen’s d) for multiple
choice [MC] measures = 1.52, sentence ID [SID] measures =
2.15, picture ID [PID] measures = 2.01), those who were
struggling (N = 20; MC = 1.12, SID = 1.43, PIM = 1.57), and
those without disabilities (N = 44; MC = .95, SID = .72, PID =
.88) compared to BAU conditions. Though effect sizes should
be interpreted with caution given the small number of participants and researcher-created measures, students generally
scored higher on vocabulary knowledge measures during
InferCabulary-based instructional weeks than during weeks
when they were being taught under a BAU condition that
consisted of the same terms being taught under identical time
limits. Though the study yielded encouraging ﬁndings, the trial
was preliminary and could beneﬁt from differential treatments,
alternate delivery formats, and larger sample sizes to provide
further insight into the intervention’s effects on student learning.

Content Acquisition Podcast for Students
(CAP-S) Approach
The CAP-S approach (Kennedy et al., 2018) uses slideshows
designed using Mayer’s (2020) Cognitive Theory of Multimedia Learning (CTML) and associated instructional design
principles in conjunction with an explicit instruction framework (Archer & Hughes, 2011) to teach individual vocabulary
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terms. To avoid overwhelming viewers’ limited cognitive capacity for the retrieval, processing, and storage of information
from working memory into long-term memory, Mayer’s (2020)
approach teaches that instruction should use vivid images
paired with minimal amounts of key text, and be presented in a
concise, organized fashion to avoid overwhelming viewers’
limited cognitive functionality. Thus, instruction should contain
clear signals, be broken into chunks, and be streamlined to
contain only essential information for each term/concept.
Each CAP-S follows the same sequence of a review of key
background information, student-friendly deﬁnition, examples, non-examples (when appropriate), breaking the word
into morphological parts (if applicable), highlighting synonyms and antonyms, and embedding application and comprehension questions to spur knowledge construction and
discussion. The slides have clear signals built in for the teacher
to announce distinct lesson segments and transition points. In
sum, the CAP-S approach creates a routine for teachers to use
when delivering vocabulary instruction, and helps scaffold
learning success for all students, especially SWD’s (Kennedy
et al., 2015). CAP-S can be recorded for students’ independent
use or presented live by teachers, as was the case in the present
study. An annotated screenshot of a CAP-S slide identifying
key intervention components is included in Appendix B of
Supplementary Materials.
Empirical support for CAP-S. There have been four ﬁeld tests of
CAP-S and their effect on student learning. In three cases,
authors recorded CAP-S materials for students to view during
class. During these experiments, researchers examined the
treatment’s effects on improving student learning of both
social studies and science terms (Kennedy et al., 2014; 2015;
VanUitert et al., 2020) and oversaw notable gains for SWD’s
and SWOD’s. In study 1, Kennedy and colleagues (2014)
found SWD’s (d = 1.84; d = 1.32) and general education
students (d = 0.61; d = .95) consistently outperformed their
peers in BAU conditions on two separate post-tests administered over time when learning using CAP-S. Kennedy et al.
(2015) found SWD’s who received CAP-S outperformed
counterparts on posttest (d = 1.97) and maintenance measures
(d = 2.40). Similarly, SWOD’s did better than their peers in
comparison groups at maintenance several weeks following
initial instruction (d = .81). Likewise, VanUitert, Kennedy et al.
(2020) concluded that both teacher-delivered and standalone
forms of CAP-S prescribed to exceptional learners during
science lessons yielded favorable gains on a series of multiple
choice posttests (d = .62; d = 1.13; d = .51; d = .73) and unitbased open-ended assessments (d = 1.45; d = 1.07; d = 1.57; d =
1.11), when compared to students receiving BAU instruction.
In the fourth study, inclusive middle school science
teachers participated in a broader professional development
sequence comprising access to multimedia modules to boost
knowledge of evidence-based vocabulary practices, teacher
delivery of vocabulary lessons using CAP-S, and coaching to
support practice implementation ﬁdelity (Kennedy et al.,
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2018). Due to the multi-component nature of the professional development sequence, attribution of outcomes to
CAP-S alone is difﬁcult, as the instruction in evidence-based
practices and coaching provided to teachers contributed to the
success of the intervention. However, students taught by
teachers who participated in the multimedia PD process
signiﬁcantly outperformed peers taught by teachers in a
comparison condition on three monthly Curriculum-Based
Measure (CBM) probes (d =.33; d = .73; d = .70) and a
standardized science assessment (d =.54).

Research Question
Though scholarship on vocabulary technology reveals overall
positive outcomes, the knowledge base is small (Jamshidifarsani
et al., 2019). There is limited scholarship examining the effect of
literacy interventions on the word learning of early adolescentaged children in the general education setting (Reed et al., 2013).
Additionally, there remains a need for further investigation of
multimedia instructional features and applications that are most
effective for SWD’s and SWOD’s (Mize et al., 2018; Silverman,
et al, 2019). To this end, we sought to answer the following
question: To what extent do the InferCabulary and CAP-S
vocabulary interventions affect word-learning performance
among 5th grade students with and without disabilities on
multiple measures of vocabulary knowledge, when compared to
peers in a BAU approach to vocabulary instruction?

Method
Setting and Participants
The University Human Subjects Committee, the participating
school districts’ research review boards, principals of all
schools, and parents of all students gave permission for
students to participate in this research. Students in three states
(one each in the Mid-Atlantic, Midwest, and West) representing four school districts and 13 elementary schools (1
west, 2 Midwest, 9 mid-Atlantic) participated.

Student Participants
School district 1, from a suburban area in the Midwest, enrolled approximately 22,000 students at the time of the study.
Approximately 30% of students districtwide were from minoritized racial/ethnic backgrounds and 40% received free or
reduced lunch. Nine 5th grade teachers drawn from three
elementary schools agreed to participate by way of facilitating
students’ (N = 222) access to project materials (see details
below). Of the 222 student participants (51.4% female), 156
were White (70.3%), 22 were Black (9.9%), 21 were Hispanic
(9.5%), 19 were Asian (8.6%), and 4 represented other racial/
ethnic backgrounds (1.8%). In addition, 25 (11.3%) were
students who qualiﬁed for special education services through
an Individualized Education Program (IEP) under the
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following disability categories: speciﬁc learning disability
(Speciﬁc Learning Disability(SLD); N = 11); other health
impairment (Other Heath Impairment (OHI); N = 4); emotional disturbance (ED; N = 2); speech/language impairment
(Speciﬁc Language Impairment (SLI); N = 6); and autism
(AUT; N = 2). School records revealed 17 students were
categorized as English Learners (7.7%), and 88 (39.6%) received free or reduced price lunch.
School district 2 was located in a rural area in the MidAtlantic region and enrolled approximately 10,000 students.
Approximately 40% of students districtwide were from minority backgrounds and 49% received free or reduced lunch.
Twelve 5th grade teachers drawn from ﬁve elementary schools
agreed to participate by way of facilitating students’ (N = 265)
access to project materials and teaching vocabulary lessons as
prescribed by researchers (see details below). Of the 265
student participants (50.9% female), 163 were White (61.5%),
34 were Black (12.8%), 42 were Hispanic (15.8%), 21 were
Asian (7.9%), and 5 represented other racial backgrounds
(1.9%). In addition, 28 were students with disabilities who
qualiﬁed for special education services within an IEP (10.6%).
The breakdown of students from each disability category is:
SLD (N = 12); OHI (N = 3); ED (N = 2); SLI (N = 8); and AUT
(N = 3). School records revealed 27 students were categorized
as English Learners (10.2%), and 130 (49.1%) received free or
reduced price lunch.
School district 3 was from a rural area in the Mid-Atlantic
region and enrolled approximately 7000 students. Approximately 47% of students districtwide were from minority
backgrounds and 48% received free or reduced lunch. Eight
5th grade teachers drawn from four elementary schools agreed
to participate by way of facilitating students’ (N = 153) access
to project materials and teaching vocabulary lessons as prescribed by researchers (see details below). Of the 153 student
participants (48.4% female), 83 were White (54.2%), 30 were
Black (19.6%), 31 were Hispanic (20.3%), and 9 were Asian
(5.9%). In addition, 19 were students who qualiﬁed for special
education services through an IEP (12.4%), with the breakdown of students within disability categories as follows SLD
(N= 8); OHI (N = 3); ED (N = 2); SLI (N = 3); and AUT (N =
3). School records revealed 17 students were categorized as
English Learners (11.1%), and 71 (46.4%) received free or
reduced price lunch.
School district 4, located in a suburban area in the western
U.S., enrolled approximately 20,000 students. Approximately
45% of students districtwide were from minority backgrounds
and 32% received free or reduced lunch. One 5th grade teacher
drawn from an elementary school agreed to participate by way
of facilitating students’ (N = 25) access to project materials
(see details below). Of the 25 student participants (44%
female), 17 were White (68%), 2 were Black (8%), 2 were
Hispanic (8%), and 3 were Asian (12%). In addition, 2 (8%)
student participants qualiﬁed for special education services
within an IEP, with one student identiﬁed under the disability
category of SLD (N = 1), and the other identiﬁed under the

Journal of Special Education Technology 0(0)

category of SLI (N = 1). School records revealed 3 students
were categorized as English Learners (12%), and 10 (40%)
received free or reduced price lunch.

Teacher Participants
Twenty certiﬁed 5th grade teachers with master’s degrees
participated directly in this study. Details are expanded in
subsequent paragraphs, but teachers from districts 2 and 3
were randomly assigned to teach vocabulary terms to students
using CAP-S. Teachers from districts 1 and 4 participated
indirectly by overseeing student use of InferCabulary. The
mean age of teachers from districts 2 and 3 was 36.6 (SD =
10.2), and the average number of years teaching was
13.6 years (SD = 9.8). All teachers were certiﬁed by their state
and held master’s degrees. Teachers had an average of 20.9
(SD = 3.7) students in their respective classes. Teachers received an honorarium from a pilot fund established to support
research at the senior author’s university.

Intervention Procedures
This study is an examination of two technology-based approaches for teaching vocabulary to students with and without
disabilities, with a third BAU condition included for comparison. Students in condition one independently learned the
selected term meanings using InferCabulary. Students in
condition two learned the same words from teachers using the
CAP-S approach. Students in the BAU condition also learned
the same words; however, teachers did not access the
technology-based instructional tools and were asked to teach
students using their typical approach to vocabulary instruction.
Prior to implementation, researchers identiﬁed 100 vocabulary terms available within InferCabulary to teach during
the study. According to the developers, the terms in the
program were drawn from a range of sources including academic word lists from Biemiller (2009), and Carroll et al.
(1971). A group of six 5th grade teachers who were not involved in the study conﬁrmed that the selected words were
grade appropriate, but unlikely to be known by the majority of
students without any speciﬁc instruction. Participating teachers
across all conditions conﬁrmed that the selected terms had not
been explicitly taught prior to the study (the study was conducted in the ﬁrst part of the year for this reason). Because of the
teachers’ intact classes, it was not possible to randomly assign
students to conditions. A pretest-posttest design was used to
evaluate the effects of the three approaches on vocabulary
learning for the aforementioned dependent measures. The
amount of time students spent learning terms varied across
and within the conditions, and is detailed below.

InferCabulary Procedure
Teachers were asked to facilitate student access to InferCabulary for 15–20 minutes per day until all words were
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encountered and mastered. The amount of time students spent
engaging with the InferCabulary program varied. Using backend user data provided by InferCabulary staff, students who
did not spend time learning all 100 words were not included in
the dataset. Less than 10 students were excluded for reasons
not having anything to do with the study. User data demonstrated the mean total time using InferCabulary to learn
words amongst students was 266 minutes (median =
257.1 minutes) with a standard deviation of 17 minutes. The
average time per word was 15.9 seconds (median 14.6 seconds), and a standard deviation of 4.8 seconds. Extrapolated
out, this means that, on average, each student encountered
study words approximately 11 times each. Note this is not the
total time spent using InferCabulary. Students spent more time
than the above means on various features of the program (e.g.,
logging in, navigating to the appropriate setting of the game,
looking at results).
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100 terms, we estimate teachers spent approximately
254 minutes teaching vocabulary terms during the study
spread across about 32 school days (SD = 3.5). Again, we
cannot be sure of the true amount of total time spent, but we
feel it is a credible estimate based on our observation and
communication with participating teachers. Data on what
practices the BAU teachers used are noted below.
Teachers in the BAU condition relied on orally-provided
instruction with limited student interaction compared to the
CAP-S group. Although speciﬁc practices that were used were
similar, the amount of time for each was signiﬁcantly less than
the CAP-S condition (see speciﬁc data below). In addition, a
key difference was the lack of visuals by the BAU teachers,
and reliance on oral instruction. In other words, teachers in the
BAU condition orally told students what terms meant, but
rarely provided images or other visuals to reinforce learning.

Measures
CAP-S Procedure
The CAP-S used in the present study were created by members
of the research team. Each slideshow was reviewed by the
senior author with a ﬁdelity checklist to ensure it both adhered
to Mayer’s design principles, but also contained images and
elements of explicit instruction for teaching vocabulary. Slides
were not accepted for use until they adhered to 100% of the
ﬁdelity checklist. Teachers were given a brief professional
development session to learn how to use the CAP-S, including
a model video they could return to as needed.
Researchers recommended that teachers provide instruction for 3–5 terms a day, which was estimated to take about
20 minutes. However, the pacing was ultimately up to individual teachers. Teachers were observed once during the study
to document their use of the CAP-S and record how much time
was spent teaching each term. The mean time spent teaching
each term using the CAP-S was 386 seconds (402 seconds was
median), and a standard deviation of 65.4 seconds. Although
resources did not permit observations of teachers each day, an
average of 386 seconds for each term times 100 terms =
643 minutes. Thus, while we cannot be certain of the true
amount of time spent teaching using the CAP-TS, 643 minutes
spread across about 41 school days (SD = 5.7) is a credible
estimate based on data and queries of participating teachers.
Information on ﬁdelity of implementation using the CAP-S
slides is presented below.

Business-As-Usual Procedure
For the ﬁnal condition, researchers recommended teachers
teach 3–5 terms a day, but the pacing was ultimately up to
teachers. Teachers were observed once during the study to
document their practices, and record how much time was spent
teaching each term. The mean time during that observation
teaching each term was 152.8 seconds (138.5 median) and a
standard deviation of 50.5 seconds. Extrapolated across the

CORE Vocabulary Instrument. All students took four pretests
prior to beginning the study. The ﬁrst was the CORE Vocabulary Instrument (Diamond & Thorsnes, 2008). The
CORE instrument is group administered and is a quick probe
teachers and researchers can use to obtain a snapshot of how
well students know grade appropriate words. The probe is
untimed and has two equivalent forms for use at multiple time
points. During the assessment, students are provided with a
target word and three similar words; they choose one of three
related words that means the same or about the same as the
target word. For example, if the target word is ﬂing, then three
related words might be accuse, demand, and throw. The
student must circle the correct synonym (i.e., throw). The
measure has 30 words per form. (Silverman, & Hartranft,
2015).
note important limitations of this measure. First, students’
decoding capacity (or lack thereof) can prevent students from
correctly identifying words they might actually know.
Second, this measure only gives a unidimensional look at
students’ understanding of each word. These limitations
aside, this measure provided a standardized level of vocabulary performance we could evaluate across study conditions. The reliability for the CORE measure in this study at
pretest was .88.

Researcher-Created Vocabulary Measures
The research team designed an assessment to measure student
knowledge of the vocabulary terms taught across the life of the
study. This measure had three parts, consisting of multiple
choice, sentence identiﬁcation, and picture identiﬁcation
items. The three-part measure was given as a pretest to establish equivalence of groups prior to the study, and also to
establish that the terms being taught within the study were not
already known. The same measures were then used again at
posttest to evaluate effects of the interventions.
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Multiple-Choice Items. For the multiple-choice measure, 30 of
the 100 terms were randomly drawn and items were created.
The multiple-choice items were standardized in form; the stem
was the term, followed by ﬁve answer choices (i.e., three
distractors, the answer, and an “I don’t know” option). These
items were scored either 1 or 0 for correct or incorrect answers;
the possible score range was 0–30. The reliability alpha at
pretest was .86. The same 30 items were used at pretest and
posttest.
Sentence Identiﬁcation Items. The same 30 terms included in
the multiple-choice measure were used for the sentence
identiﬁcation measure. Students were instructed to put a check
mark next to sentences where the word was used correctly in
the sentence. Incorrect sentences were expected to be left
blank. Six sentences were provided for each term, with three
correct sentences given. These sentences were different from
any that were used in the App or CAP-S. Sentences were
reviewed by a team of doctoral students at the ﬁrst author’s
university to ensure they were appropriate and accurate examples of the term. Researchers scored these items using a
system to account for the identiﬁcation of correct sentences
and subtracting points for selection of an incorrect sentence.
Students earned a score of 3 if all the correct sentences were
checked with no incorrect sentences selected. Other point
amounts were possible depending on the combination of
correct versus incorrect sentence choices. The possible score
range was 0–90. The reliability alpha for this measure at
pretest was .79.
Picture Identiﬁcation Items. The ﬁnal part of the pretest was a
picture identiﬁcation activity. The same 30 words were used
for this measure. Students were provided with six images,
different from those used in the InferCabulary program and
CAP-S slides, for each vocabulary term. Researchers printed
out color copies of this measure for students. The instructions
were to circle each image that accurately represented the term.
Three images were correct for each term. Images were reviewed by three doctoral students at the ﬁrst author’s university to ensure accuracy and appropriateness in terms of
matching the term’s meaning to the image. Images that were
unclear or provided a tangential or abstract illustration of the
term were discarded. Researchers used a similar scoring
process as with the sentence identiﬁcation section. The reliability alpha for this measure at pretest was .85.

Treatment Fidelity
For students in the InferCabulary condition, the developers of
the program provided their back-end data to the research team
to conﬁrm student use of the program, which includes logs of
student clicks and other engagements. Student ID numbers
were conﬁrmed with teachers to be the same as on quiz forms.
In sum, while it is impossible to know with 100% certainty if it
was the individual student who was logged into InferCabulary
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and used the program for the documented time, there is little
risk that the data the research team collected is not credible and
trustworthy.
The Classroom Teaching (CT) Scan (Kennedy et al., 2018)
was used to document the instructional practices of the
teachers in the CAP-S and BAU conditions. The CT-Scan is a
low-inference observation tool intended to allow an observer
to document the real-time instructional moves of teachers and
count discrete events such as questions asked, and feedback
statements provided to students. As noted, teachers using
CAP-S spent an average of 384 seconds per term (SD = 67.7),
while BAU teachers spent 154 seconds per term (SD = 54.8).
The total time during the teaching of four terms (all observations cut off after four terms for consistency) also favored
CAP-S teachers (1598 seconds, SD = 280) compared to BAU
teachers (683 seconds, SD = 269.7).
In terms of speciﬁc practices within the observation to
teach four terms, the CAP group used student friendly deﬁnitions for an average of 478 seconds (SD = 102.7) compared
to 274 seconds (SD = 96.7) for BAU teachers. CAP teachers
spent more time (in seconds) than BAU teachers providing
examples (M = 257, SD = 86 to M = 84, SD = 68.5), having
discussions (M = 172, SD = 131 to M = 83.5, SD = 159.5),
having students apply knowledge (M = 347, SD = 124 to M =
166, SD = 132.7), breaking terms into morphological parts (M
= 121, SD = 76.2 to M = 17.2, SD = 39.8), and teaching
synonyms and antonyms (M = 218, SD = 68.2 to M = 54.2, SD
= 100.7). Teachers using CAP-S also provided more opportunities to respond (M = 49.4, SD = 8.6 to M = 29.0, SD = 9.9)
and feedback statements (M = 46.9, SD = 7.3 to M = 28.1, SD
= 11.8). In each case the difference was statistically signiﬁcant
at the .001 level.

Results
Given the three groups (InferCabulary, CAP, BAU) taking the
multiple measures (CORE screener, multiple-choice, sentence
ID, picture ID) at pre and posttest, a series of 2 × 3 repeated
measures ANOVAs with one between groups variable (group
assignment) and two within groups variables (pretest and
posttest scores for each measure) were completed. In the
instances where statistically signiﬁcant results were detected,
follow up post-hoc analyses were completed to determine the
location and directionality of any signiﬁcant ﬁndings between
the various groups on measures. We present ﬁndings broken
down by each of the aforementioned measures. Researchers
were unable to gather consistent and critical information about
the identiﬁed English Learners from school records, so they
are not included in these analyses.
Descriptive statistics of post-hoc analyses are present.
These data include results for 77 students with IEPs spread
across the InferCabulary (N = 28), CAP-S (N = 26), and BAU
(N = 23) conditions. Data also include ﬁndings for 533 students without IEPs or designated English Learners, spread
across the InferCabulary (N = 201), CAP-S (N = 159), and
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BAU (N = 173) conditions. In addition, analyses illustrate
comparisons between the performance of SWD’s in the BAU
condition to SWD’s in the InferCabulary and CAP-S conditions. This evidence shows preliminary ﬁndings on the extent
to which InferCabulary and CAP-S can support performance
of SWD’s in vocabulary knowledge relative to peers without
disabilities in general education. Findings are organized by
dependent measure (e.g., CORE, multiple-choice, sentence
ID, and picture ID). There were no signiﬁcant differences
between any group at pretest, and Levene’s test for homogeneity of variances was not violated for any measure or group
analysis.

CORE Screener
On the CORE Screener, separate repeated measures ANOVAs
were conducted for SWD’s and SWOD’s (see Table 1).
Analysis for SWD’s indicated a signiﬁcant effect for time
Wilks’ Λ = .58, F(1, 74) = 53.9, p < .001, ηp2 = .42, and

between time and group, Wilks’ Λ = .79, F(2, 74) = 10.1, p <
.001, ηp2 = .21. This was also the case for SWOD’s for time
(Wilks’ Λ = .93, F(1, 530) = 41.0, p < .001, ηp2 = .07) and
between time and group (Wilks’ Λ = .99, F(2, 530) = 3.0, p =
.051, ηp2 = .011). Data from analyses demonstrate that there
was signiﬁcant within group performance growth between pre
and posttest for SWD’s and SWOD’s, respectively. However,
post-hoc analyses demonstrated there were no signiﬁcant
differences between any group at posttest on this measure.
Finally, regarding direct comparisons between SWD’s in
either treatment group (InferCabulary or CAP-S) and
SWOD’s in the BAU condition, those without disabilities in
the BAU condition scored signiﬁcantly higher than those with
disabilities in the InferCabulary (d = 1.38), CAP-S (d = 1.32)
and BAU conditions (d = 1.54). It is likely the intervention
was not long or intense enough to change performance on this
standardized measure of vocabulary terms not explicitly
taught during the study. However, no students in the study
made signiﬁcant gains on this measure.

Table 1. Descriptive Data and Post-Hoc One-Way ANOVA Results for the CORE Assessment
N
CORE Pre-test–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
CORE Post-test–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
CORE Pre-test–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
CORE Post-test–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
CORE Post-test–Group Comparisons
BAU–General Education
173
InferCabulary – IEP
28
BAU–General Education
CAP–IEP
BAU–General Education
BAU–IEP
23

M

SD

MS

F

14.6
13.5
15.1

6.40
6.90
5.80

17.7

.398

.531

3.50
34.0

.092
.821

.763
.369

15.9
15.7
15.4

6.30
8.03
6.00
1.07

.354

.007

.934

2.65
.021

.070
.886

.793
0.29

21.6
21.7
21.5

3.75
3.89
4.11

1.07

.074

.786

1.01
3.80

.066
.237

.798
.627

22.2
22.1
21.7

3.56
3.62
3.79

.779

.060

.806

18.55
10.32

1.38
.749

.241
.388

-0.05
-0.10
0.05

21.7
15.9

3.79
6.30

687.7

39.8

.001

1.38

811.5
26
802.6

39.1
15.7
477

.001
8.03
.001

1.32

15.4

6.00

Note: MC instrument is /30 points, Sentence ID and Picture ID measures are /90

p

D

0.13
-0.16

1.54
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Multiple Choice Measure
On the multiple-choice measure, separate repeated measures
ANOVAs were conducted for students with IEPs and students without IEPs (see Table 2). Analysis for SWD’s indicated a signiﬁcant effect for time Wilks’ Λ = .06, F(1, 74) =
1166.8, p < .001, ηp2 = .94, and between time and group,
Wilks’ Λ = .53, F(2, 74) = 32.6, p < .001, ηp2 = .47. This was
also the case for SWOD’s for time (Wilks’ Λ = .04 F(1, 530)
= 12061, p < .001, ηp2 = .96) and between time and group
(Wilks’ Λ = .73, F(2, 530) = 98.3, p < .001, ηp2 = .27). To
determine the location and directionality of the signiﬁcance,
post-hoc analyses using a Bonferroni correction were
conducted.
For SWD’s, no signiﬁcant ﬁndings were found between
InferCabulary treatment students compared to peers receiving
CAP-S (F(1, 52) = .024, p = .878. However, SWD’s who
learned using InferCabulary did signiﬁcantly outperform peers
from the BAU condition, F(1, 49) = 11.0, p = .002, d = 1.48.
The same signiﬁcant result was found for SWD’s in the CAP

group compared to peers in the BAU condition, F(1, 47) =
27.4, p < .001, d = 1.73. All effect sizes should be interpreted
with caution because of the small sample size and use of
researcher-created measures. For SWOD’s, no signiﬁcant
results were found between students receiving InferCabulary
and their peers receiving CAP-S (F(1, 358) = .006, p = .937.
However, SWOD’s that received InferCabulary did signiﬁcantly outperform counterparts from the BAU condition, F(1,
372) = 100.6, p = .002, d = 1.17. The same signiﬁcant result
was found for SWOD’s in the CAP-S group compared to peers
in the BAU condition, F(1, 330) = 83.4, p < .001, d = 1.25.
Finally, regarding direct comparisons between SWD’s in
either treatment group and SWOD’s in the BAU condition,
those without disabilities in the BAU condition did not signiﬁcantly outscore those with disabilities in the CAP-S
condition (d = .08). There was only a .3 difference in
mean score between students in those groups. Even though
the size of the groups is unequal (n = 173 vs. 26), this is an
important ﬁnding. The SWOD’s in the BAU condition did
signiﬁcantly outscore SWD’s in the InferCabulary (d = .46)

Table 2. Descriptive Data and Post-Hoc One-Way ANOVA Results for the Multiple Choice Assessment
N
MC Pre-test–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
MC Post-test–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
MC Pre-test–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
MC Post-test–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
MC Post-test–Group Comparisons
BAU – General Education
173
InferCabulary – IEP
28
BAU – General Education
CAP–IEP
26
BAU–General Education
BAU–IEP
23

M

SD

MS

F

p

d

7.7
7.9
9.4

3.86
4.14
3.1

.379

.024

.878

37.0
29.2

2.94
2.1

.093
.151

20.8
22.2
17.2

4.06
3.13
3.64

28.2

2.12

.151

164.7
312.1

10.97
27.4

.002
.001

11.7
11.3
11.7

2.79
3.09
2.84

17.68

2.07

.152

.006
17.19

.001
1.95

.978
.164

25.8
25.8
22.5

2.79
3.01
3.63

.052

.006

.937

1032.2
933.3

100.6
83.4

.001
.001

0.14
-1.17
1.25

22.5
20.8

3.63
4.06

53.3

3.9

.049

0.46

1.33

.105

.746

0.08

22.2

3.13
570.3

43.3

.001

1.46

17.2

3.64

0.30
-1.48
1.73
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and BAU (d = 1.46) conditions. However, the mean score
difference between the BAU (M = 22.5) and InferCabulary
(M = 20.8) was less than two, meaning practically, that those
students on average only accurately answered about two
more questions on the 30 item measure. This should be
evaluated in light of the ﬁve point mean score difference for
SWD’s in the BAU condition compared to their classmates
with disabilities (22.5 to 17.2).

of the signiﬁcance, post-hoc analyses using a Bonferroni
correction were conducted.
For SWD’s, no signiﬁcant ﬁndings were found between
InferCabulary treatment students compared to peers receiving
CAP-S (F(1, 52) = .279, p = .600. However, SWD’s receiving
InferCabulary did signiﬁcantly outperform peers from the
BAU condition, F(1, 49) = 10.7, p = .002, d = 1.67. The same
signiﬁcant result was found SWD’s in the CAP-S group
compared to peers in the BAU condition, F(1, 47) = 14.1, p <
.001, d = 2.12. For SWOD’s, no signiﬁcant differences were
found between SWD’s who learned using InferCabulary
compared to peers with disabilities who learned using CAP-S,
F(1, 358) = .885, p = .347. However, those who learned using
InferCabulary did signiﬁcantly outperform peers from the
BAU condition, F(1, 372) = 127.0, p < .001, d = 1.77. The
same signiﬁcant result was found for SWD’s in the CAP-S
group compared to peers in the BAU condition, F(1, 330) =
131.8, p < .001, d = 1.72.
Finally, regarding direct comparisons between SWD’s in
either treatment group and SWOD’s in the BAU condition,

Sentence Identiﬁcation
On the sentence ID measure, separate repeated measures
ANOVAs were conducted for SWD’s and SWOD’s (see Table
3). Analysis for SWD’s indicated a signiﬁcant effect for time
Wilks’ Λ = .08, F(1, 74) = 910.9, p < .001, ηp2 = .93, and
between time and group, Wilks’ Λ = .60, F(2, 74) = 24.7, p <
.001, ηp2 = .40. This was also the case for SWOD’s for time
(Wilks’ Λ = .05, F(1, 530) = 10524.7, p < .001, ηp2 = .95) and
between time and group (Wilks’ Λ = .67, F(2, 530) = 128.2, p
< .001, ηp2 = .33). To determine the location and directionality

Table 3. Descriptive Data and Post-Hoc One-Way ANOVA Results for the Sentence ID Assessment
N
Sentence ID Pre–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
Sentence ID Post–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
Sentence ID Pre–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
Sentence ID Post–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
Sentence ID Post-test–Group Comparisons
BAU–General Education
173
InferCabulary –IEP
28
BAU–General Education
CAP–IEP
26
BAU–General Education
BAU–IEP
23

M

SD

MS

F

p

20.6
18.2
23.5

9.88
10.3
5.99

78.4

.777

.382

104.7
341.6

1.53
4.68

.221
.036

56.9
58.7
45.6

12.82
12.74
11.64

45.5

.279

.600

1620.3
2115.4

10.71
14.1

.002
.001

26.1
26.7
27.4

8.23
9.18
8.39

36.18

.480

.489

169.6
42.04

2.45
.546

.118
.461

d

0.41
-1.67
2.12

75.9
76.9
62.5

10.4
10.0
12.7

92.00

.885

.347

16765
17290

127.0
131.8

.001
.001

0.05
-1.77
1.72

62.5
56.9

12.67
12.82

613.9

3.8

.052

0.44

320.6

2.00

.159

0.30

58.7

12.74
5820.0

36.9

.001

1.35

45.6

11.6
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p < .001, ηp2 = .25). To determine the location and directionality of the signiﬁcance, post-hoc analyses using a Bonferroni correction were conducted.
For SWD’s, no signiﬁcant differences were found between
InferCabulary treatment students compared to peers receiving
CAP-S (F(1, 52) = .758, p = .388. However, SWD’s that
received InferCabulary did signiﬁcantly outperform peers
from the BAU condition, F(1, 49) = 36.4, p < .001, d = 2.31.
The same signiﬁcant result was found for SWD’s in the CAP-S
group compared to peers in the BAU condition, F(1, 47) =
19.6, p < .001, d = 2.42. For students without IEPs, no
signiﬁcant differences were found between students that
received InferCabulary treatment compared to counterparts
who learned using CAP-S (F(1, 358) = .078, p = .781.
However, those who learned using InferCabulary did signiﬁcantly outperform peers from the BAU condition, F(1,
372) = 113.9, p < .001, d = 1.47. The same signiﬁcant result
was found for SWD’s in the CAP-S group compared to
peers in the BAU condition, F(1, 330) = 111.9, p < .001, d =
1.20.

SWOD’s in BAU failed to signiﬁcantly outscore those with
disabilities from the InferCabulary (p = .52; d = .44) and CAP-S
(p = .159; d = .30) groups. On the 90 point measure, mean
scores show the BAU students scored 62.5 points, while
SWD’s in the InferCabulary (M = 56.9) and CAP-S (M = 58.7)
were close behind, respectively. Again, accounting for the
differences in sample sizes is important. The students in the
BAU group with disabilities were signiﬁcantly outscored by
their classmates (p < .001; d = 1.35) by just under 17 points.

Picture Identiﬁcation
On the picture ID measure, separate repeated measures
ANOVAs were conducted for SWD’s and SWOD’s (see Table
4). Analysis for SWD’s indicated a signiﬁcant effect for time
Wilks’ Λ = .06, F(1, 74) = 1102.3, p < .001, ηp2 = .94, and
between time and group, Wilks’ Λ = .48, F(2, 74) = 39.5, p <
.001, ηp2 = .52. This was also the case for SWOD’s for time
(Wilks’ Λ = .06, F(1, 530) = 8993.6, p < .001, ηp2 = .94 ) and
between time and group (Wilks’ Λ = .75, F(2, 530) = 87.4,

Table 4. Descriptive Data and Post-Hoc One-Way ANOVA Results for the Picture ID Assessment
N
Picture ID Pre–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
Picture ID Post–Students with Disabilities
InferCabulary compared to
28
CAP
26
BAU
23
CAP compared to
BAU
Picture ID Pre–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
Picture ID Post–General Education Students
InferCabulary compared to
201
CAP
159
BAU
173
CAP compared to
BAU
Picture ID Post-test–Group Comparisons
BAU–General Education
173
InferCabulary – IEP
28
BAU – General Education
CAP – IEP
26
BAU – General Education
BAU – IEP
23

M

SD

MS

F

p

26.9
23.2
28.4

9.95
10.22
6.08

184.9

1.82

.183

28.06
329.2

.394
4.52

.533
.039

68.1
65.6
49.8

9.15
12.37
12.56

88.8

.758

.388

4256.7
3044.4

36.4
19.6

.001
.001

28.9
30.9
30.7

9.13
10.5
9.8

360.59

3.78

.053

290.19
5.13

3.26
.050

.072
.824

78.5
78.8
66.4

10.5
9.8
11.3

8.11

.078

.781

13525
12664

113.9
111.9

.001
.001

0.17
-1.47
1.20

66.4
68.1

11.33
9.15
11.33
12.37
11.33
12.6

106.9

.875

.351

0.15

15.9

.121

.728

0.07

42.7

42.7

.001

1.45

65.6
49.8

d

-0.12
-2.31
2.42
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Finally, regarding direct comparisons between SWD’s in
either treatment group and SWOD’s in the BAU condition,
those without disabilities in the BAU condition did not signiﬁcantly outscore those with disabilities in the InferCabulary
(p = .351; d = .15) or CAP-S (p = .728; d = .07) conditions.
Data show students with IEPs in the InferCabulary condition
actually scored on average almost two points higher than
SWOD’s in BAU condition, and students from the CAP-S
condition were on average less than a point behind. The
difference in sample size must be considered, but this is a very
surprising result. The SWOD’s in the BAU condition continued to signiﬁcantly outperform their classmates with disabilities in the same condition (p < .001; d = 1.45) by almost
17 points.

Discussion
Despite extant literature on vocabulary instruction for students
with and without disabilities (Jitendra et al., 2004; Wright &
Cervetti, 2016), practitioners struggle to consistently carry out
these practices in general education settings (Capin et al.,
2020; Wanzek, 2014). Although technology-mediated tools
that incorporate evidence-based practices show promise as
effective options (Cheung & Slavin, 2013), research-informed
insight into instructional features that support student word
learning is minimal (Mize et al., 2018). Results from this
comparative investigation of two technology devices reveal
that both CAP-S and InferCabulary programs improved word
learning for ﬁfth graders with and without disabilities in inclusive classroom settings.
Our research question examining the efﬁcacy of InferCabulary and CAP-S treatments on the vocabulary performance of students with and without special needs relative to
a BAU approach to word-learning yielded two key ﬁndings.
First, SWD’s and SWOD’s in both treatment groups signiﬁcantly outperformed their respective counterparts in BAU
conditions on multiple-choice, picture identiﬁcation, and
sentence identiﬁcation measures. Second, no signiﬁcant differences were found between students from the InferCabulary
group and their peers from the CAP-S condition on any
measures. These insights support past studies of CAP-S and
InferCabulary programs, revealing that these programs yield
positive vocabulary gains for both SWD’s and SWOD’s in
general education settings (Kennedy et al., 2014, 2015, 2020;
VanUitert et al., 2020).
A closer look at contrasts and comparisons between interventions reveal reasonable explanations of these two
aforementioned ﬁndings. One notable distinction between
treatments is that InferCabulary and CAP-S programs differ
in instructional format. CAP-S centers on explicit teacherdelivery, whereas InferCabulary is primarily studentdirected. However, in line with emerging literature on
effective technology intervention research (Cheung &
Slavin, 2013), both CAP-S and InferCabulary programs
incorporate a menu of evidence-based procedures for word-
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learning, such as student-friendly deﬁnitions, examples/nonexamples, and repeated practice opportunities (Beck et al.,
2013; Kuder, 2017). They also similarly use innovative
multimedia visuals and audio supports, which have recently
shown promise for facilitating exceptional learners’ vocabulary development (Mize et al., 2018). These treatment
design features were in stark contrast to BAU conditions that
lacked consistent, intentional implementation of any of the
above practices-a frequent occurrence in elementary settings
(Capin et al., 2020; Wanzek, 2014). Thus, results demonstrate that, regardless of delivery format, both InferCabulary
and CAP-S multimedia options can be comparable, effective
instructional resources for enhancing vocabulary learning for
both students with and without disabilities in inclusive
settings.
As another notable result, there were no signiﬁcant differences between SWD’s from either intervention condition
(InferCabulary or CAP-S) and their classmates without disabilities in the BAU condition on two out of three of these
vocabulary measures. The large discrepancy in comparison
group size between students with special needs (n = 26)
relative to students without IEPs (n = 173) necessitates that
these results be interpreted with caution. Nonetheless, given
the heightened presence of learners with high-incidence
disabilities in general education settings (Kent et al., 2015),
it becomes imperative to provide fair opportunities for these
students to make positive gains alongside typicallyperforming peers. Results from this study provide encouragement for realizing these efforts.

Implications for Research and Practice
Observation data within the InferCabulary app condition
has promising research implications. Analysis of observation data between groups reveals that each student in the
InferCabulary group on average likely encountered each
key term more than 10 times during the study, compared to
only once in the CAP and BAU conditions. Furthermore,
descriptive statistics showed that, within the overall duration of the study, students used noticeably less average
time gaining word knowledge in the InferCabulary condition (266 minutes) than the CAP-S (643 minutes), or BAU
(254 minutes) conditions. Effects of repeated word exposure and treatment intensity on student literacy development remain important, yet understudied topics in
vocabulary intervention scholarship (Wright & Cervetti,
2016). The InferCabulary student group experienced repeated exposures to target words in illustrative contexts and
made signiﬁcant vocabulary gains in a relatively short
duration of time. These occurrences show that welldesigned technology devices have the potential to make
substantial contributions to research concerned with efﬁcient and effective applications of word dosage (Lowman,
2014). However, as exposure and student activity data were
collected via back-end records with little experimenter
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control, these ﬁndings are preliminary at best and should be
interpreted with caution.
In addition to research implications, treatment delivery
formats from this investigation show key educational implications that are worthy to note. Unlike past studies that
have featured InferCabulary app as a teacher-directed routine
(Kennedy et al., 2020), authors in this study used InferCabulary as a standalone device that does not depend on
the teacher as the primary agent for quality delivery of
content. Additionally, though CAP-S in this experiment was
dependent on teacher-led explicit instruction, it has been
substantiated by past studies as an effective standalone tool
for student vocabulary development (Kennedy et al., 2015;
VanUitert et al., 2020). Standalone technology tools can
provide instructional independence that has much practical
signiﬁcance for teachers, as they often struggle to provide
effective word-learning experiences for students with and
without reading difﬁculties (Wanzek, 2014). Hence, the
independent application of InferCabulary in this investigation demonstrates instructional ﬂexibility and feasibility
advantages that can further support teacher implementation
of evidence-based literacy practices in these inclusive
settings.

Limitations and Future Directions
In light of positive study implications, multiple limitations
exist. First, the multiple choice, sentence ID, and picture ID
dependent measures that showed signiﬁcant gains were
developed by the research team. Although these assessments have practical beneﬁts for literacy in speciﬁc contexts (Elleman et al., 2009), they are less generalizable
compared to standardized measures of word learning. In
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contrast, results from the CORE standardized measure did
not show any signiﬁcant gains among groups at posttest.
Two likely reasons for this ﬁnding may be the overall
duration and focus of the study. Recent scholars contend
that generalized gains in vocabulary performance often
require long, intensive periods of intervention (Wright &
Cervetti, 2016). However, treatments in this experiment
were relatively short and lacked multicomponent elements
that tend to foster generalizable literacy outcomes beyond
taught words. Future investigations using InferCabulary or
CAP-S could be embedded with other literacy approaches and
conducted over longer periods of time to inﬂuence standardized
measures of word knowledge. Moreover, vocabulary and
comprehension scholars argue that practitioners play a substantial role in fostering context, discussion, and other forms of
knowledge construction to facilitate rich word-learning gains
beyond initial acquisition of word meaning (McKeown, 2019).
Yet, our observation instruments were limited in capturing
teacher expectations and routines that may have explored these
generative dimensions. To examine deeper applications of
vocabulary, future experiments could include qualitative analyses exploring the nature of teacher talk and/or peer interactions that are used to reﬁne and extend student word knowledge
towards distal outcomes (Ford-Connors & Paratore, 2015).
In addition, while we did not ﬁnd signiﬁcant differences
between treatment conditions, the inclusion of certain experimental components may have led to ﬁner detections of
difference among treatments and BAU groups. First, using
both receptive and expressive measures of vocabulary may
help determine nuanced effects of multimedia-based interventions across students’ varying levels of word
knowledge (Silverman et al., 2019). Hence, future research
can include both receptive and expressive vocabulary
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measures to examine treatment efﬁcacy along multiples
depths of student word-learning to further elaborate differences between treatment and control conditions. Second,
while the focus of the present investigation is to highlight
key instructional components of vocabulary technology
that remain effective across both teacher-delivered and
student-directed formats, computer-assisted vocabulary
instruction highlighting the efﬁcacy of student-directed
programs have shown to be beneﬁcial for SWD’s and
other learners (Jozwik et al., 2021; Wood et al., 2012).
Therefore, future trials involving CAP-S and Infercabulary
could employ both devices as standalone interventions to
establish a more sophisticated, comparative approach for
assessing difference.
In regard to other limitations, it was not possible in this
experiment to randomly assign students to conditions given
their intact groupings. For students in the InferCabulary
condition, their schools already had licensing for its use.
Hence, these students potentially had used the program in
prior years to the study and may have been more inclined to
beneﬁt from its use. If that were true, it would be a strength of
the program, but would have unmeasured effects on the results
presented herein. Further, while the teachers from the CAP-S
and BAU conditions were randomly assigned to conditions, a
stronger design would have been to randomly assign all
teachers and students, but it was not possible in this case.
Third, researchers engaged in limited observations across the
three conditions; thus, there was a lack of systematic
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monitoring and control of the implementation ﬁdelity for the
interventions. Given the available resources, it was not possible to personally observe students using InferCabulary, and
only one observation for each CAP-S and BAU teacher could
be scheduled. Thus, we do not know with certainty that all
instructions were followed and what instruction ultimately
entailed. We have reason to believe the data presented here are
credible, given the InferCabulary back-end data and CT Scan
data from observations we did collect, but they are inconclusive. A replication of this work should include these
controls in a more systematic manner.
Fourth, scholars in multimedia literacy contend that
student motivation can be a critical element for word
knowledge acquisition (Kennedy et al., 2015). However,
the present study did not measure teacher and student
satisfaction with the technology-based interventions,
which could have provided insight into the speciﬁc intervention components that participants felt were most
valuable to vocabulary learning (Mize et al., 2018). Incorporating a structured interview or survey component to
measure intervention satisfaction among students and
teachers should be considered for future studies that
comprise these devices.

Conclusion
As technology-mediated literacy approaches are developed,
systematic evaluations of what works and for whom remains a
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necessity for the ﬁeld to continue to prosper (Kennedy &
Deshler, 2010). Results from this investigation make a notable
contribution to scholarship, as both InferCabulary and CAP-S
yielded substantial gains for treatment groups compared to a
BAU condition. These ﬁndings substantiate past literature by
afﬁrming technology that (a) integrates evidence-based
practices and (b) uses innovative multimedia visual/audio
features can support SWD’s and SWOD’s vocabulary development, alongside other literacy skills. Furthermore, these
instructional components can remain effective, regardless of
presentation format. Scholars must continue to investigate
technology-based interventions designed to support word
learning to determine their long-term validity for education
research and practice.

Appendix A
InferCabulary Sample
Note. This screenshot was used with permission from
InferCabulary.
A. Explicit cue letting students know mode of the program.
B. Vocabulary term clearly stated at the top, center of the
page with option for audio narration.
C. Explicit cue/indicator informing students of the
number of terms they have worked on within the
application.
D. Directions for students to click on the pictures to hear
the statements related to the images and new term.
E. Large, clear images related to the term are paired with
text and audio narration.

Appendix B
Example of CAP-S Slide with Description of Formatting
Components
A. Visual cue reminding students that this is the studentfriendly deﬁnition part of the vocabulary lesson
segment.
B. Large (36 point), plain font-type.
C. Font color is a clear contrast to the background color of
the slide.
D. Large, clear image placed near related text.
E. Image has a clear connection to the text, is described in
speaker notes, and explicitly pointed out with the
addition of an arrow shape.
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