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ABSTRACT

Researched since the early 1990s, computer-assisted instruction (CAI) continues to prove beneficial for learners across
the curriculum. While research has been growing greatly with a focus on higher education, its K-12 education coun-
terpart— specifically secondary education where the use of technology is prevalent— remains largely unexplored. More-
over, as technology advances, students are increasingly exposed to CAI. However, with the rapidly increasing speed
of technological advancements, it has become difficult for educational research to progress at the same pace. In light
of the COVID-19 pandemic advancing the utilization of instructional technology, it is imperative that all educational
stakeholders are introduced to the benefits that CAI can provide: an education that caters to students’ learning prefer-
ences, equal educational opportunities for all students, and an enhancement of students’ motivation in the classroom.
With educators more readily integrating technology to support traditional lesson plans, demonstrating its positive
impacts on all educational stakeholders can help to alleviate reservations and foster more effective implementation of
CAL

A Review

Eighty-three percent of students in grades six through twelve claim to use online tools every week to support their
schoolwork, according to a 2019 study by Project Tomorrow, a national education nonprofit (Project Tomorrow,
2019). Students who have grown up in the digital age have experienced an increased use of technology in classrooms.
However, methods for the implementation of educational technology have not kept pace with technological advance-
ments. Computer-assisted instruction (CAI) can be more effective than exclusively face-to-face instruction in the
secondary education classroom because it provides students with a more individualized education, enables disadvan-
taged and disabled students to more readily access educational opportunities, and increases students’ motivation to
learn.

The importance of CAl is rooted in students’ increasing exposure to better and faster technology as it devel-
ops; however, stakeholders in education, including educators, administrators, and parents, may be unaware of the
several potential positive effects of CAIL. Explaining the benefits of using technology in the classroom to key stake-
holders enables CAI to be implemented more effectively, specifically in secondary education classrooms, where the
use of educational technology is more prevalent.

As defined by the U.S. Department of Education, CAl is an interactive instructional technique through which
educators use technology to present content and monitor student progress. In 2012, a reported 47% of K-12 educators
claimed to utilize multimedia in their classrooms. By 2015, this number had risen to 68% of educators (Project To-
morrow, 2016). In just three years, the number of educators using multimedia in the classroom increased by almost
forty-five percent, and it is expected to continue to increase with technological developments. Particularly because the
COVID-19 pandemic has fostered the enhanced utilization of instructional technology, it has become more important
than ever for students and educators to comprehend the depth of potential benefits offered by CAI. Furthermore,

ISSN: 2167-1907 www.JSR.org 1



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 10 Issue 3 (2021)

because they have grown up surrounded by digital devices, students today are more proficient in understanding tech-
nology, which should be used to educators’ advantage. Students’ high digital literacy provides them with the ability
to find and evaluate information on digital platforms, enhancing their performance and understanding of the content.
Through a meta-analysis of 176 studies regarding online learning, it was concluded that “students in online conditions
performed modestly better, on average than those learning the same material through traditional face-to-face instruc-
tion,” demonstrating that students succeed when they are exposed to digital stimuli (Means et al., 2010, p. xiv). As the
primary goal of teaching is to enhance students’ understanding of content and prepare them for the challenges of the
real world, an environment with technology that caters to students’ comforts and needs will undoubtedly enhance
academic performance.

Despite CAI improving student performance, the insufficiency of research being conducted on its use in the
secondary classroom often leads to fewer educators and parents understanding its benefits and utilizing the technology
to help students. While considering the difficulties associated with incorporating CAI into classrooms, it can be ob-
served that “research hasn’t been able to keep up with the pace of technological innovation in school.” Because of
this, it has become increasingly harder to obtain concrete evidence regarding the benefits of technology in schools
(Author, personal communication, November 15, 2019). The absence of concrete evidence proves to be a problem
because educators do not have access to up-to-date statistics and information on how best to employ technology in
their classrooms and better prepare students for a life outside of school. An unexpected finding of the meta-analysis
conducted by Means et al. (2010) established “the small number of published studies contrasting online and face-to-
face learning conditions for K—12 students” (pp. xi-xii). The disparity between technological innovations and educa-
tional research results in secondary-level educators remaining unaware of the benefits of CAI, which positively impact
a wide range of learners. The need for CAI’s implementation in secondary education classrooms is emphasized when
considering the importance of educators’ ability to observe the perceived advantages of instructional technology and
adapt specific technologies to enhance the education their students receive. Implementation would allow educational
stakeholders to observe the effects of CAI first-hand and make its benefits more apparent, further improving the quality
of a student’s education.

Teaching a classroom full of students is a strenuous task; students’ various learning preferences and different
educational needs make it difficult for a teacher to ensure that all students understand and retain the content to which
they are exposed. Ironically, using CAI can enable secondary education teachers to humanize the classroom, imple-
ment a personalized system of instruction, and use artificial intelligence (Al) to individualize the education a student
receives and accommodate students’ different learning needs.

By attempting to accommodate the needs of all students without utilizing technology, teachers may nega-
tively impact their students’ education by inadvertently dehumanizing the classroom. A lesson plan meant to teach
thirty students may only resonate with the few who are able to follow the method of teaching, as Khan Academy
founder Sal Khan suggests, claiming that computer-assisted instruction provides an “obvious benefit.” After testing
his program on various school districts, Khan (2011) concludes that CAI allows students to learn “by removing the
one-size-fits-all lecture from the classroom and letting students have a self-paced lecture,” enabling teachers to use
technology to ensure all students are participating and reaching their full potential in the classroom. With the utilization
of technology, students are encouraged to learn without needing to consider the progress of their peers, allowing
students to spend as much or as little time needed to master the curriculum; students who need repeated practice will
have additional materials and time available, while students who do not need as much time to focus on a topic are able
to move on to more challenging material, all while in the same classroom.

Countless educators currently use multimedia technology in the classroom to allow students to participate in
interactive activities. An example of the humanizing effects CAI has on the classroom is shown through the application
of Flipgrid, “a threaded video discussion platform” which gives “all students the chance to engage in reflective activ-
ities” by allowing the students who do not like speaking out to share what they think anonymously. With digital
learning tools, students have the opportunity to “respond from their own space at their own time, so they can process,
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think and practice before responding” (Roshan, 2019, para. 13). Because each student has a different learning person-
ality, some do not like to speak up while others enjoy sharing their thoughts and leading the discussion. With CAI, the
quieter students receive the chance to share their opinions without being forced to share when they are not comfortable
and confident in their work. Applying CAI humanizes the classroom, as it allows students to interact with each other
when they normally would keep to themselves and provides introverted students with an opportunity to build self-
confidence and participate in classroom activities.

Another term associated with CAI is “personalized system of instruction” (PSI). Research has proven PSI,
which involves incorporating technology into instruction to allow students to self-pace when mastering content, is an
effective method in teaching difficult material that is commonly encountered in secondary classrooms (e.g. Paiva,
2017; Salami, 2007). In a study conducted in secondary education classrooms in Nigeria, chemistry students were
split into two groups; one was exposed to PSI whereas the other learned from traditional face-to-face instruction. The
results of the study determined that the students who used PSI performed better than the control group because they
were required to “take a make-up quiz any time their initial score fell below 90% correct” and “complete a prior lesson
unit before taking a quiz on the succeeding lesson” (Salami, 2007, p. 134). The use of CAI allows students to spend
the time that they need on each unit, ensuring that they receive a full understanding of the content, as demonstrated
by their performance on the quizzes. They are given the time to review content as needed, taking more quizzes as
necessary, ensuring that they are not being held to a timeline by the varying needs and learning speeds of every student
in a classroom. Without this individualization of education, students are often forced to move on to the next topic with
their peers, even if they have not completely understood preceding topics, making it difficult to comprehend future
lessons as they have not mastered fundamental skills.

An additional example of the use of computerized PSI can be found in a study conducted by professors from
the Polytechnic Institute of Leiria, Portugal, regarding the use of a tutoring system. The results showed that:

The EG [experimental group] had an average grade significantly higher than CG [control group]. Because
the only difference between EG and CG was the restriction on the advance to the next level by the grade not
less than 60% in the formative test... [this] confirms the effectiveness of the ML [mastery learning] rule that
the student must achieve the desired level of mastery before progressing to the next level. (Paiva et al., 2017,

p- 10)

The established methods of PSI and the controls on students’ progression in the course material enabled students to
better understand the content and receive higher grades. It is evident that students perform better in their classes if
they are taught in a way that best suits their learning needs.

This pedagogical approach, known as “differentiated instruction,” has long been utilized by educators.
Whether it be in the earliest schoolhouses where students were taught based on their learning preferences and back-
ground knowledge, or today where technology allows for the facilitation of instruction designed to meet individual
students’ needs, “effective teachers have always addressed students’ varying needs and interests to help each succeed”
(Birnie, 2015, p. 62). Differentiated instruction is advantageous for a student’s education in numerous ways, including,
the humanization of education as educators are supported in becoming more aware of students’ strengths and weak-
nesses and the increased attention to the skills each student needs to be successful in future classes (Stanford et al.,
2010). With computer-assisted instruction allowing for more ease in the implementation of differentiated instruction,
students can learn at a self-paced rate and master skills before advancing in the curriculum, enabling the comprehen-
sion and mastery of content because their education is tailored to ensure this.

Accompanied by the implementation of CAl, artificial intelligence (Al) is also adapted to perform tasks that
teachers may find difficult to accomplish in order to further individualize a student’s education. Educators can use
artificial intelligence to accomplish tasks that are a part of “the microorganization of human instruction: picking the
next exercise for a student to attempt, choosing what sort of hints and feedback to provide, determining when material
should be reviewed, and selecting among teaching activities.” These responsibilities for teachers “are decisions which
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occur on a granularity that human instructors are typically unable to monitor and individualize” (Mozer et al., 2019,
para. 2). Using artificial intelligence to assign tasks allows for necessary repeated practice when it is predicted to be
most effective, fostering the ideology that students who have repeated practice with smaller intervals between review
times tend to perform better. Utilizing the benefits of Al can unburden teachers from creating a lesson plan that may
not impact each student in the same way, while providing more time for teachers to work one-on-one with students to
address weaknesses.

Al can also alleviate the struggle to account for students’ individual learning needs in current methods of
education that only involve face-to-face instruction struggle to account for students’ individual learning needs. “While
learners bring different experiences, goals, and backgrounds, the current schooling system struggles to offer individ-
ualized learning paths” (Roll & Wylie, 2016, p. 591). With Al, such burdensome problems educators face can be
readily resolved, as the technology will take into consideration the needs of each student. Whether Al is used to assign
tasks or simply aid the instructor, its benefits alter student learning dramatically. It can assist in increasing the com-
plexity of course material, depending on the student’s understanding of previous topics, and enable students to meet
personalized learning goals.

Stakeholders assume that there are more negative impacts than benefits to computer-assisted instruction in
the classroom. However, such a belief is misconstrued from the idea that devices hinder education. CAI can humanize
education by accounting for students’ various learning preferences through a personalized system of instruction or,
with the help of Al providing students with the opportunity to review course material as needed. While applying CAI
to secondary education classrooms can be a difficult task, accomplishing this necessary step will greatly enhance
education.

Factors beyond educators’ control lead to students receiving varying educational opportunities; several stu-
dent groups are considered disadvantaged in terms of the opportunities available to them. Incorporating computer-
assisted instruction into the secondary classroom has the potential to “level the playing field” for students who have
fewer choices in terms of their education. Students living in rural areas, students at risk of not graduating, and students
with learning disabilities can all benefit from the implementation of CAI in secondary education classrooms.

Students living in rural areas do not necessarily have the same opportunities in schools, as compared to stu-
dents living in suburban and urban areas, because of lower populations and lack of demand for certain classes (Author,
personal communication, November 15, 2019). With the use of CAI, higher-level, personalized classes can be made
available to students in rural communities, even when classes are in low demand. The Amarillo Independent School
District in Texas established the “Gateway to Health Careers Project,” providing students “from eleven rural districts
in the Texas panhandle unique opportunities to learn about careers in the health sciences through blended learning
combining online learning and clinical experience.” The program, hosted at the Amarillo Area Center for Advanced
Learning (AACAL), has seen promising results, “serving a little over 600 students in 24 schools in their rural partner
districts” as of Fall 2019 (Digital Learning Collaborative, 2019, p. 29). With the AACAL program, students are ex-
posed to health science careers they may not have encountered in their respective rural communities. These experi-
ences introduce students to various career prospects and inspire them to pursue these careers after completing high
school.

Moreover, students living in rural areas often do not have access to the same higher-level courses as their
suburban and urban peers. Another example of CAI assisting those in rural areas can be found with a “virtual school
for students in Virginia,” created “primarily to help provide opportunities where they didn’t otherwise exist” (Author,
personal communication, November 15, 2019). CAI was employed to offer AP level classes to students who do not
have the classes in their school or a teacher who can teach them, such as in southwest rural Virginia. There are many
regions where student demand for more college-level courses is low, hindering students from being able to take the
advanced-level courses they may need to further prepare them to accomplish their post-secondary plans. Although
most people mistakenly believe that only those with stable access to technology and the ability to use the technology
correctly will benefit, rural students who do not have guaranteed access can also take advantage of CAI. School sys-
tems such as the Amarillo Independent School District in Texas and those in rural Virginia are working to ensure that
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disadvantaged students gain access to educational opportunities and enabling these students to reap the benefits of
CAL

Students who are at risk of not graduating are another group whose education may be improved from the
opportunities that CAI provides. The negative stereotypes associated with at-risk students, including their perceived
inability to focus and perform well in school, result in a greater likelihood of receiving punishments in school including
suspensions and detentions. At-risk students, those who have a high probability to fail academically and drop out
before high school graduation due to various circumstances in their home or school environment, face many obstacles
in their academic careers. Fortunately, districts are working to help students combat these obstacles. An example of a
CAI program working to assist at-risk students can be found in the Bellevue School District in Washington, where:

Eighty-two percent of black and Latino students graduated on time in 2018—that’s 10% lower than the dis-
trict’s white students and 12% lower than its Asian students... 56% of black students and 53% of Latino
students who graduated in 2017 enrolled in college compared to 76% of white students and 8§9% of Asian
students. (Digital Learning Collaborative, 2019, p. 31)

To combat these glaring differences between students of different races, the district has established a digital learning
program titled RISE. In hopes of fighting inequity and closing the achievement gap, the RISE program ensures that
students who have been suspended for more than ten days are keeping up with their classes with the use of digital
learning to provide course materials to these students. With CAI initiatives, students can be reprimanded if necessary,
while also ensuring that their learning is not hindered.

Traditional methods of face-to-face learning are often unable to provide the support and personalized re-
sources some students need to complete their secondary education. This absence of support “especially impacts at-
risk students who are often placed in non-interactive roles of learning where they receive information mostly from
lectures and text and often fail to develop sufficient understanding of the content” (Checho, 2007, p. 11). Computer-
assisted instruction in the classroom can offer some students the reinforcement they need to perform well in school;
teachers alone cannot guarantee this level of individualized attention because of the unequal student-teacher ratio.
With CAL, instructional cues that at-risk learners need can be provided, potentially allowing them to increase their
performance in classes and understand the content, leading to increased retention and improved grades. Additionally,
with the opportunities to make up previously failed courses through credit recovery, at-risk students receive supple-
mental chances to ensure that they graduate on time. As a result, at-risk students will be able to access the individual-
ized education they need, encouraging them to graduate high school.

Students with learning disabilities are a third group of students who may receive benefits from computer-
assisted instruction, as they do not always have access to the resources needed for academic success. With the use of
educational technology, such resources, including appropriately formatted reading materials and accessible assign-
ments, can be made readily available to students. An example of a successful initiative utilizing instructional technol-
ogy to provide opportunities for students with disabilities is the Santa Clara Unified School District in California,
which has created a dual-enrollment program with Mission Community College to provide instructional materials that
support disabled students’ learning needs. Students who have trouble reading print are presented with digital reading
assignments. Software applications and assistive technology are given to these students with the hope that they are
encouraged to progress and perform well in their classes while receiving college credits and working towards college
degrees. Between 2009 and 2013, 100% of students in the program planned to pursue higher education, as opposed to
the 47.3% of all students with learning disabilities attending postsecondary education in U.S. institutions in 2009,
demonstrating the program’s success (Yudin, 2013; Newman et al., 2009). Because students with learning disabilities
do not have access to the resources they need, they consequently, are less likely to have the motivation to do well in
school, leading to higher dropout rates. Individuals with learning disabilities tend to fall behind their peers, even
though the only obstacle preventing them from achieving success is a shortage of user-friendly materials.
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The implementation of CAI can meet students’ learning needs and inspire them to meet higher standards,
ensuring a successful academic career. Dr. Kerrigan Mahoney, a research associate at the University of Virginia points
out that “a lot of kids struggle with reading, and some of that is due to disabilities, like dyslexia.” However, “just
because the kids have trouble with physically reading the words on the page doesn’t necessarily mean that they can’t
have a high level of the interpretation and understanding of the ideas behind the work™ (personal communication,
December 16, 2019). Technologies such as audiobooks, podcasts, or radio plays can be used to give students access
to books that they cannot read. With access to materials suited for their learning needs, students with learning disabil-
ities may be able to participate in class alongside their peers and perform at the same level. CAI helps to facilitate
such opportunities for students with disabilities. Using technology to improve the classroom experience for those with
reading disabilities can break barriers for these students and enable them to perform to their highest potential in the
same environment as their peers.

Ensuring that disadvantaged students receive equal educational opportunities is important as a proper educa-
tion reduces the dropout rate of high school students and prepares them for a successful future. The implementation
of computer-assisted instruction in secondary classrooms can ensure that disadvantaged students receive the support
they need, encouraging them to perform well and graduate high school. Students living in rural areas can be positively
affected by the use of CAI because it exposes them to classes that are not otherwise available because of lower student
populations and demand. CAI can enable at-risk students to stay on track with their schoolwork and receive the assis-
tance that they need to graduate with their peers. Students with learning disabilities also benefit from the use of CAI
because it supplies these students with the tools they need to easily access the course material. Although the effects of
CAI can provide increased educational opportunities for everyone, its benefits are emphasized when concerning the
accommodation of the learning needs of disadvantaged students.

In addition to individualizing education and equalizing educational opportunities, CAI can be used in the
secondary education classroom to increase a student’s motivation to learn. Student motivation can be defined as pat-
terns of behavior and effect. With outside factors such as the level of help a student receives and the way the instructor
manages the classroom and student involvement, students have the potential to develop their self-confidence, which
presents as intrinsic motivation to comprehend content (Seifert, 2010). Computer-assisted instruction in the secondary
education classroom can increase a student’s motivation to learn in various subject areas, leading to improved student
performance.

Educational technology can be incorporated into classrooms across the curriculum, positively impacting a
student’s motivation. Specifically, regarding second-language acquisition and mathematics education, the use of CAI
in these classrooms can stimulate students’ desire to learn. In language-learning classrooms, the use of CAI promotes
independence and encourages students to keep learning outside of the classroom with the use of engaging, stimulating,
and interactive instructional activities (Kritsonis & Lai, 2006). Using technological tools as at-home materials also
allows teachers to spend more time in the classroom focusing on aspects of language learning such as pronunciation
and dialogue, which require face-to-face methods of teaching. Such methods enable language students to become
well-rounded in their studies and make the path to second-language acquisition an easier one. With regard to the
impact of CAI in math classrooms, studies have concluded that technology and multimedia have:

The potential to produce interactive, real-world learning opportunities for students. Through the use of such
innovative learning platforms, students are provided relevant experiences that extend outside of the classroom
walls to ensure student motivation and learning is supported with the use of technology. (Estapa & Nadolny,
2015, p. 46)

With the use of Al to assign problems to students as necessary, technology in math education provides the hands-on

experiences students need to remain engaged, as motivation and the desire to learn are dependent on classroom expe-
riences. Therefore, in an environment where students are comfortable, such as a classroom in which the technology
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they have grown up with is prevalent, student engagement is increased, demonstrating higher student motivation and
increased performance in secondary education classrooms, where more advanced levels of mathematics are taught.

The current generation of students is growing up alongside technological advancements and increasing their
comfort with using technology in everyday tasks. Fostering this preference for the utilization of technology leads to
better comprehension and performance. According to an article published in the Journal of College Teaching and
Learning, “multimedia allows students and instructors to become engaged in their learning, increase comprehension
of abstract concepts, and increase interest and motivation” (Courts & Tucker, 2012, p. 125). Educators can implement
CAI with the use of presentation tools, communication methods, and interactive simulations, allowing students to
complete their work and teachers to monitor student progress. With the motivation to accomplish educational tasks,
students are more likely to engage in the assignment and put additional effort in when completing it. If a student enjoys
learning the material that he or she is exposed to, the student will want to learn more about the content, which benefits
his or her learning and behavior and affects the student’s choices when achieving a certain goal. With the assistance
of CAl, students who exercise increased effort and energy when pursuing a task will improve their persistence, en-
couraging them to take on more difficult assignments.

Computer-assisted instruction in specific subject areas such as second-language acquisition and mathematics
education enables students to encounter real-world experiences and keeps students engaged with interactive activities,
fostering their academic growth. In an environment that is tailored to their needs, students are more likely to engage
in lessons, increasing their energy when taking on certain tasks. With this increased energy, students will be able to
persevere through more difficult tasks, thereby improving their performance on assessments and other assignments.

Implementing computer-assisted instruction in the secondary education classroom provides students with a
more effective education than the sole use of face-to-face instruction. Although advancements in technology outpace
the growth of educational research, educational stakeholders should consider the positive impacts of technology in the
classroom. Both educators and students benefit greatly when educational technology is used, as students can receive
a more individualized education, which educators alone cannot necessarily guarantee in a traditional classroom envi-
ronment. All students will receive more educational opportunities, but CAI can tremendously benefit those with dis-
advantages compared to the majority of students. Moreover, computer-assisted instruction keeps students engaged in
what they are learning in a variety of subjects, increasing their motivation to complete tasks and perform well in
school. To ensure that these advantages are well-known, secondary schools should consider implementing computer-
assisted instruction in their classrooms. The use of CAI is not intended to replace the role that educators play in the
classroom, but instead offer additional tools and resources which teachers can incorporate into lesson plans to accom-
modate students’ various learning needs. With the increased efforts to ensure that all students receive access to edu-
cational technology, educators and students can discover first-hand how beneficial the use of multimedia in the class-
room can be. The numerous benefits provided by CAI in secondary classrooms for both students and educators make
it imperative that it is implemented. Not only will embracing computer-assisted instruction strengthen the instruction
students receive while engaging in distance and hybrid learning during a global pandemic, but it will facilitate the
development of the technology’s performance, which will undoubtedly be utilized by future generations.
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