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Abstract: The current study aimed to investigate the impact of an evidence-based instructional program con-
sisting of: Explicit Instruction (EI) along with Numbered Heads Together (NHT) in comparison to the tradi-
tional, hand raising (HR) technique on fourth-grade students with and without special needs’ daily science quiz
scores. Additionally, the researchers sought to explore the impact of the interventional program on the cumu-
lative, pre and post-test performances of participants. Using mixed methods—single-subject, alternating treat-
ment (comparing the interventional program [El & NHT] to HR), and quasi-experimental designs—data were
collected. Data were analyzed using a measure of central tendency (mean scores) of daily science quiz scores,
and t-tests to derive results from the pre and post-test cumulative scores. The findings revealed all students in
the experimental group, including those with special needs, improved their mean scores on daily science quiz-
zes, along with cumulative, post-test performances. This improvement was achieved after the delivery of the
interventional program. Social validity interview with the classroom teacher demonstrated that the instruc-
tional program provided a motivational, engaging learning atmosphere for all students including those with
special needs. Recommendations for future research and practices were provided.
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Introduction

One of the international declarations that has shaped
the provision of educational services, integrating a
broader concept of inclusion into all education sys-
tems, is The Salamanca Statement, released in Sala-
manca, Spain, in 1994 (Ainscow et al., 2019). The
declaration, as expressed in the Salamanca Statement
and Framework, clearly endorsed the concept of the
inclusion of individuals with disabilities (National
Center for Educational Development [NCED] &
Ministry of Education [MoE], 2018). Specifically,
the statement affirms that individuals with disabilities
have the right to access inclusive education, coinci-
dent with their typically developing peers, in order to
fulfill their learning/educational needs without dis-
crimination (Wibowo & Muin, 2018). Given that
“there has been an increasing concern among teach-
ers about universalizing inclusive education”
(Kamran et al., 2023, p. 2), not surprisingly, national
and international laws and legislation demand the in-
clusion of individuals with disabilities in all fields of
society, including education. The Individuals with
Disabilities Education Improvement Act (IDEIA) of
2004, along with the No Child Left Behind Act
(2001), emphasized the notion of the inclusion of all
students, with and without disabilities, in general ed-
ucation environments to prepare them for successful
future engagement in their communities (Bryant et
al., 2020; Grenier et al., 2023). Additionally, the
United Nations’ Convention on the Rights of Persons
with Disabilities (CRPD, 2016) asserted that students
with disabilities should be provided with access to
general education curricula and instruction, fulfilling
their diverse learning needs. It also expressed that
these individuals have human rights related to gain-
ing a basic education, on an equal basis as their peers
without disabilities (CRPD, 2016).

According to Pierangelo and Giuliani (2012), Amer-
ican federal education policies have served as legal
and legislative models for other countries in the area
of inclusion and special education service delivery.
Nationally, the development of special education ser-
vices and preparedness to include individuals with
disabilities were highly influenced by these interna-
tional laws. The Kuwaiti educational system, for ex-
ample, took a massive step forward to involve stu-
dents with disabilities in its general education classes
(NCED & MoE, 2018). Specifically, in Law No. 8
(2010), Article 9 states:

The Kuwaiti government is mandated to provide the
educational services and facilities for individuals

with disabilities in equity with others without disabil-
ities, fulfilling the individuals with disabilities’ spe-
cial needs in communication, language and training.
Along with the adequate preparation of education
staff of teachers, professionals, and leaders and with
high-levels of quality and professionality to better ed-
ucate students with special needs.

Of note, there is a critical need to instruct students
with and without disabilities using high levels of
quality and professionalism. Providing adequate, in-
clusive learning opportunities through the use of evi-
dence-based instructional strategies would maximize
all students’ learning (Grenier et al., 2023), including
those with disabilities and at risk of school failure.
Many students at risk of school failure and/or with
disabilities might perform in an “abysmal” manner
(Fuchs et al., 2018, p. 127) with regard to academics
in inclusive classrooms. In fact, they might perform
far below their actual grade level (Gilmour et al.,
2018) in different subject areas, including reading,
writing, and mathematics. The effective engagement
of students with disabilities and at risk of school fail-
ure in inclusive classrooms, where general education
curricula are being implemented, accelerates their ac-
quisition of needed learning skills, thus preparing
them for life’s demands (Westling et al., 2015). Wil-
helmsen and Sorensen (2017) added that teachers’
preparation and experiences positively affect their
students with disabilities’ acquisition of the learned
content (academic, functional, social, and life skills).
Thus, teachers’ educational knowledge and praxis of-
ten facilitate the educational practices within an in-
clusive educational setting for students with disabili-
ties (Timberlake, 2014; Giese & Ruin, 2018). In this
regard, research-based (or evidence-based) instruc-
tional strategies have emerged in the field to support
all students’ educational experiences and to enhance
the instructional practices that are employed (Olson
et al., 2016).

Science Instruction

According to Knight et al. (2020), all students have
the right to obtain access to educational knowledge in
different learning strands, including science. Spooner
et al. (2011) explained that students with and without
disabilities are required to gain scientific knowledge
through scientific literacy practices and authentic in-
quiry opportunities. Jasim (2002) highlighted the im-
portance of teaching science to all students, in all
grades/levels. Osborne (2014) indicated that learning
science leverages students’ abilities in asking ques-
tions and analyzing themes. Such interaction would
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evolve their knowledge of nature and the environ-
ment, as they communicate these concepts and infor-
mation and use them in multiple school and life con-
texts/situations. Knight et al. (2020) added that when
students learn about the natural world, this provides
them with opportunities to develop new interests and
gain scientific concepts about their environment,
shaping their learning experiences which in turn sup-
port their post-school lives. Science learning involves
understanding the science of nature, constructing
core concepts, natural phenomena investigation and
problem solving, and scientific, school-based experi-
ences (Jasim, 2002). Jasim (2004) added that science
instruction develops students’ thinking and problem-
solving skills, which represent one of the highly cru-
cial goals of science education. Berk (1992) indicated
that the main goal of science content instruction is to
illuminate students’ scientific literacies and improve
their science practices. The National Research Coun-
cil (NRC, 2012) defined science practice as basically
scientists’ habits and skills. The Next Generation Sci-
ence Standards (NGSS, 2013) emphasized the need
to teach science practices in order to accelerate stu-
dents’ levels in science and improve their learning
outcomes. Moreover, using effective strategies in the
instruction of science enhances students’ abilities to
deal with real-life situations in the future, which is
especially true for those with disabilities (Knight et
al., 2020). Miller et al. (2015) added that the effective
instruction of science to all students, especially those
with exceptionalities, helps them to acquire scientific
knowledge/experience and then generalize and apply
it in varied contexts (e.g., students with disabilities
could apply what they learn about the weather condi-
tions in Kuwait). One of the salient instructional prac-
tices by which science education could be effectively
delivered to students with and without disabilities is
the cooperative learning approach. Another effective
teaching strategy that was proved in prior literature to
teach several subject areas including science is ex-
plicit instruction (EI).

Explicit instruction (EI) is an evidence-based instruc-
tional strategy that delivers learning content in a
straightforward, clear method for students.
Rosenshine (1987) explained EI as a systematic in-
structional strategy which emphasizes the proceeding
in a learned skill in small steps, checking understand-
ing of students. It also helps them accomplish active
and successful class contribution. According to
Archer and Hughes (2011), explicit instruction is a
systematic, direct, engaging and success-oriented
teaching strategy. Fletcher et al. (2019) stated in El,

students are taught what they need to do by having
direct instructions and explanations along with shar-
ing and modeling the new knowledge. Prior research
has demonstrated that EI promotes academic
achievements, raising the successful learning out-
comes for all students including those with special
needs (Hughes, et al., 2017). Hughes et al. (2022)
highlighted the notion El is a practical and accessible
resource of instruction. El provides clear and orga-
nized teaching of learned skills to students in both
special and general education settings. When El is in
use, teachers are being led to teach with clear guide-
lines, identifying key concepts, strategies, skills, and
routines for teaching (Hughes et al., 2022).

As previously indicated by Archer and Hughes
(2011), El involves sixteen elements which help stu-
dents to walk through the learned skill from accuracy
reaching to mastery level. Elements of EIl involve:
Clarity, sequence logic, core content concentra-
tion/focus, review of prior skill before the introduc-
tion of new skill, breaking the complex skill into
smaller units, concision, precision and providing im-
mediate, affirmative, and corrective feedback
(Archer & Hughes, 2011). In essence, reduction of
cognitive load means how to break down big
steps/procedures of a complicated skill to smaller
units so that the students could absorb these small
units more accurately, without distraction (Alan &
Erdogan, 2018; McManus, 2023). After reaching the
mastery level of each smaller unit, when needed, stu-
dents would be able to put all these units together and
use them as a whole (i.e., learning addition, subtrac-
tion, and multiplication in different mathematics clas-
ses then using them for long division lesson). The
idea of affirmative feedback in El, on the other hand,
is pertained to the notion of showing agreement
and/or disagreement to the student’s response
(Archer & Hughes, 2011). This type of feedback
would display the correct from the false information
a student might gain while learning. If a concept was
understood correctly by the student, she/he would
preserve it, if not, the student (with the help of the
affirmative feedback) would simply modify her/his
repertoire and correct it. These elements facilitate the
process of learning the new content for all students
especially those with special needs (Spit, et al.,
2022).

Several studies investigated the impact of El on stu-
dents’ academic achievement. Mustafa and Sharab
(2010) explored the effects of El on the writing per-
formance of students with special needs (dysgraphia)
in writing in their second language, English. Using
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guantitative, experimental design, 62 (male and fe-
male) students in 3rd grade participated in the study.
Results indicated participants increased their mean
scores after receiving EIl instructional program. In a
study of Khishfe (2021), EIl was explored on argu-
mentation skills in science class of 36 participants,
enrolled in grade 10. Using pre and post-tests, quan-
titative methodology, findings demonstrated that par-
ticipants (who received El) showed improvements in
their argumentation skills. The researcher utilized
semi-structured interviews to deduce more detailed
results. Outcomes indicated students’ preference to
El because it provided them with direct, step by step
knowledge on how to argument their scientific ideas
and thoughts.

Granado-Peinado et al. (2023) investigated both the
strategy of El and collaborative, pair work for teach-
ing argumentative synthesis writing. The authors de-
veloped a writing program consisted of El procedures
and pair, collaborative work in which high and strug-
gling writers would help and work together to pro-
duce their argumentative, written, synthesized pieces.
Using quantitative, ANOVA analyses of written
products of 112 participants, results showed that par-
ticipants in experimental group improved the quality
of their syntheses in two dimensions: argument iden-
tification and analysis. These participants exceeded
their performance after the introduction of the inter-
ventional program (EI and collaborative work: prac-
ticing in pairs). The interventional program led to
positive effects on argument identification, however
for argument integration increase was solely due to
El component. Tobbi (2023) sought the effects of El
in comparison to implicit instruction on the produc-
tion complaints in English as a Foreign Language
(EFL) of Algerian, learners. Forty, Junior, English
major students participated in the study. Using quan-
titative, pre and post-tests, results indicated that ex-
perimental group (who received EI) significantly im-
proved their EFL achievement in their post tests.
Many students with and without disabilities encoun-
ter learning challenges during the course of their
school education. These problems, as manifested by
students, might involve (but are not limited to) a mis-
understanding/misconception of the learning content
presented to them, an unattractive learning environ-
ment, and a failure to fulfill the requirement(s) of suc-
cess in a subject area. This brings to our attention that
students with mild to moderate learning disabilities
do not usually fare as well in school as their typically
developing peers (Haydon et al., 2010; Lerner &
Johns, 2009). Students with learning problems tend
to display low academic performance due to multiple

factors such as high rates of absenteeism and low
grades, and eventually they will be at risk of failure
in several subject areas. These factors—and others—
may lead to below-grade-level performance, extend-
ing the length of their school years to a greater degree
than would be expected (Al-Habeeb, 2018; Ryan et
al., 2004).

Itis highly crucial to seek instructional strategies that
are evidence-based and helpful in delivering content
in greater depth. Al-Habeeb (2018) stated when stu-
dents actively learn, their gain of such learning goes
beyond facts and knowledge. Jasim (2004) high-
lighted the need to adapt techniques of “active learn-
ing” (p. 35), which is directly connected to the evi-
dence-based practice of cooperative learning. Strate-
gies of cooperative learning depend on the notion of
engaging students in the process of learning, specifi-
cally through collaborating and/or cooperating with
their peers (Al-Aga, 2023). Both Johnson and John-
son (1994) and Johnson et al. (1998) previously de-
scribed cooperative learning strategies as consisting
of four components: a) positive interdependence (i.e.,
there should be common goal/reward structure sys-
tem), b) individual accountability (i.e., each student
is responsible for their own learning, demonstrating
collaborative work), ¢) face-to-face positive interac-
tion while engaged in group work, and d) equal op-
portunities to respond for all students. Hattie (2009)
added that group cooperation is more highly effective
than individualistic effort. Other educators have
noted that tangible incentives noticeably improve stu-
dents’ learning outcomes and engagement (Almumen
et al., 2023; Maheady et al., 2006). A well-acknowl-
edged group cooperation learning strategy, manifest-
ing significant effects on students’ learning and en-
gagement in class activities, is Numbered Heads To-
gether (NHT). NHT is one of over 100 cooperative
learning strategies developed and presented by Spen-
cer Kagan and associates (Kagan & Kagan, 2009).
According to Al-Aga (2023), NHT relies on the idea
of collaboration among students in one single group,
in which each student is responsible for what he has
learned as well as for the learning of his classmates
in the group. Such cooperation creates the spirit of
group work, offering help and assistance among the
classmates and resulting in positive, targeted learning
outcomes (i.e., on-task behaviors, active academic
engagement) (Arends, 2004; Maheady et al., 1991).
In NHT, the academic performance is effectively in-
tervened, helping students reach the mastery levels of
the academic skills (McMillen et al., 2016). This
strategy works in a highly efficient manner to encour-
age students to participate in learning contexts, in an
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equilibrium with raising their academic performance
and the rate of successful learning outcomes (Wora et
al., 2017). It also represents a promising instructional
tool because it involves peers mediating the instruc-
tional process, introducing the learning content in a
simpler way than teachers usually do (Maheady et al.,
2006). Students would be provided with opportuni-
ties to share their ideas/answers, giving immediate,
corrective feedback to their classmates who need it
and monitoring their classmates’ performances, all
while progressing toward the mastery of a learned
skill (Haydon et al., 2010).

Prior research revealed the key goal of NHT as basi-
cally giving students the opportunity to lead the
learning process and respect their classmates’ opin-
ions/perspectives regarding information, resulting in
high instruction-related outcomes (Baker, 2013;
Sa’ada, et al., 2008). Eltaieb (2019) sought the impact
of NHT on the development of measurement con-
cepts among children with intellectual disability.
Twenty-four, aged 9-12 children with intellectual dis-
ability participated in the study. Using semi-experi-
mental, control and experimental group design, re-
sults showed there were statistically significant dif-
ferences between the mean scores of performances of
experimental group children. These improvements in
in acquiring mathematical concepts were gained after
the delivery of the NHT strategy. NHT motivates stu-
dents to engage in more teamwork (Haydon et al.,
2019; Leasa & Corebima, 2017), wherein active
learning is apparent. In active learning, “students usu-
ally work in teams for extended periods of time with
collective objectives to accomplish” (Jasim, 2004, p.
35). Jasim (2004) added that active learning is repre-
sented in several forms of student-centered learning,
including analysis, problem-solving, and discovery,
along with creative activities. Students are responsi-
ble for processing data and/or information while
working in class in order to come up with their own
conclusions (Germann, 1991).

Therefore, the purpose of the current study is to in-
vestigate the impact of EI and NHT (without incen-
tives) on the science performance of fourth grade stu-
dents in inclusive classes. More specifically, the pre-
sent exploration compared the effects of EI and NHT
without incentives to hand raising (HR) on fourth
graders’ performance on science quizzes and cumu-
lative assessment (pre- and post-tests) and assessed
the social acceptability of EI and NHT via structured
teacher interview. To fulfill this purpose, the follow-
ing research questions were posed:

1) What is the impact of EI & NHT (without incen-
tives) on the number of correct answers per daily sci-
ence quizzes of the participants?

2) Are there any statistical differences between con-
trol and experimental groups in the learning out-
comes and acquisition of the content?

3) Is there any statistical difference between the con-
trol and experimental groups’ pre- and post-tests?

4) What is the effect degree (i.e., effect size) of the
experimental group performance and after the deliv-
ery of the intervention?

5) From a social validity standpoint, how did science
classroom teacher perceive EI & NHT in learning sci-
entific concepts/themes?

Research’s Terms

Main study’s terms are defined procedurally as the
following:

Explicit instruction (EI): is an evidence-based in-
structional strategy that breaks down complicated
skills into small units with precise and concise way
of delivering the content. It involves step-by-step
modeling of the instruction.

Numbered Heads Together (NHT): is a coopera-
tive learning strategy, in which students are put in
group so they collaboratively work as a team. The re-
sponses of students depend on consensus among the
team members.

Inclusive class: learning environment where all stu-
dents with and without special needs have the access
to the General Education learning curriculum with
certain modification and/or accommodations re-
quired for students with special needs, using evi-
dence-based instructional strategies to deliver learn-
ing content.

Methodology

Research Design

Mixed methods (single-subject and quasi-experi-
mental) were used to explore the impact of El and
NHT on the acquisition of the science knowledge and
concepts of fourth grade students, with and without
special needs, studying in a general education (inclu-
sive) class. A pre-experimental, single-subject re-
search, alternating treatment design was used to com-
pare student performances under the conditions of
HR and El with NHT (without incentives). This pre-
experimental design was used to provide important
descriptive and correlation information on both de-
pendent and independent variables’ relationships in
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the context of the study (Kazdin, 2011). Quasi-exper- to each group. Each group involved, along with typi-
imental design (control and experimental groups, pre- cally developing students, the following cases: one
and post-tests) was also used before and after the im- student with a learning disability and two students
plementation of EI and NHT to derive inferences on with disruptive behaviors and/or who were at risk of
participants’ science performances. school failure in various subject areas, including sci-
ence. These students were randomly distributed to
Participants and setting each group.
This study took place in a public, general education The distribution of the participants into two groups
school located in Farwaniya School District, Kuwait. (control and experimental) was depended on the re-
A convenience sample consisting of 40 fourth grade sults of the pre-tests of participants. The pre-test is
students, ages 9-10 years and all speakers of Arabic, usually conducted to verify the quality of the experi-
was used for this research. Twenty students were as- mental and control groups, along with measuring the
signed to each group (experimental and control). Stu- improvement of the experimental group. Table 1 de-
dents with special needs were also assigned equally picts the pre-test results of participants in two groups.

Table 1. T-Test for the pre-tests of Control and Experimental Groups

Measure  Group N Mean Standard Devia- T-Value Statistical Significance P val-
tion ues
Experimental 20 5.30 1.809
Pre-test Control 20 5.0 1.719 0717 0.478

Once school district permission was obtained, the are usually conducted in the schools’ science labora-
district’s superintendent selected an elementary, gen- tories.

eral education school for girls to participate in the All sessions of the research phases were held during
study. Participants were recruited upon securing the 45-minute, regularly scheduled science classes. The
required institutional approvals. The assistant princi- students in both groups (control and experimental)
pal used student school records and science teacher were seated on science laboratory benches (four stu-
recommendations to recruit the students. Parents/le- dents on each bench), forming two rows (each row
gal guardians’ permission was also sought, after consisting of two benches). The teacher stood at the
which the authors directly commenced their research front of the laboratory. The laboratory comprised nu-
investigation. Several ethical considerations were merous types of science equipment, which were on
tackled prior the commencement of the research the benches and on the shelves behind the students;
phases and while recruiting the students. These con- these included microscopes, test tubes, flasks, ther-
siderations involved: preserving students’ data/quiz- mometers, droppers, magnets, spring balances, fun-
zes/pre and post-tests. All students’ personal data nels, and the like. At the back of the laboratory, there
(i.e., name, chronological age, level performance, was a small cubby in which students’ classwork fold-
quiz and test results) were kept in a case with the first ers (workbooks and sheets) were placed, and another
researcher, all the time, putting numbers to each stu- cubby containing tags with student names for hang-
dent to keep her as an alias/anonymous and preserv- ing lab coats at the end of class prior to returning to
ing the students’ confidentialities. Students’ data their homeroom. For the intervention phase, along
would be determinate when they were no longer with experimental design and research procedures (of
needed. the experimental group), the students were instructed
The classroom teacher was a Caucasian female, with in the same laboratory but seated in heterogenous
13 years of teaching experience in inclusive classes groups (i.e., special needs students were seated with
in the general education school. She earned her bach- their typically developing peers).

elor’s degree in science education. At the time of the Lesson structure followed a common pattern and was
study, she was teaching two classes: fourth grade, and held constant across all study phases. The structure
one class of fifth grade. The research exploration took involved a teacher-led review of prior lessons/con-
place in two classes of fourth grade, in which some tent, clear statements of daily lesson goals, and ex-
students exhibited chronic academic as well as be- plicit instruction (modeling and demonstrations) with
havioral problems. Science classes in public schools extensive use of instructional aids (i.e., picture,
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charts, and Power Point presentations, along with the
abovementioned laboratory equipment).

Dependent variables

Two dependent variables were investigated in the
context of the study: a) the number of correct answers
on five-item science quizzes, administered at the end
of lessons; and b) the number of correct answers on
10-item, cumulative, pre- and post-science tests. Sci-
ence lessons and assessment items were derived di-
rectly from the Science Education General Supervi-
sion of Kuwait, Ministry of Education (SEGS KW).
Two elementary science teachers independently re-
viewed all of the evaluation materials prior to the
commencement of the research. These two teachers
reviewed the materials in terms of educational signif-
icance, clarity, accuracy, and consistency with curric-
ulum goals. Reviewers’ feedback was incorporated
into subsequent material revisions.

Research Instruments

Daily quizzes and pre- and post-tests were used as
study instruments to collect data. The items of these
tools/instruments tested studied science lesson con-
cepts and themes using the following methods:
matching the correct word with the appropriate pic-
ture, filling in gaps with correct words/concepts, sort-
ing concepts based on their characteristics, and com-
pleting sentences. Science topics were as follows: a)
opaque and transparent objects; b) substance tex-
tures; c) light, shadow, and darkness; d) the four sea-
sons; and e) animals’ hides: skins, scales, wool,
leather, fur, etc. Quiz items assessed the main
ideas/concepts after each lesson, and items on cumu-
lative pre- and post-tests reflected the “big takea-
ways/ideas” across all assessment content. (Samples
of assessment materials are available from the first
author upon request). The science teacher adminis-
tered the quizzes after each science lesson, along with
pre- and post-tests before and after the instruction
with NHT for the experimental group. At the end of
each class/session, the science teacher read aloud the
quizzes, and students had to independently respond.
This procedure was repeated after each science les-
son. Prior to the initiation of the experimental, single-
subject design procedures, and before the commence-
ment of NHT instruction, the teacher administered
the pre-test to collect the needed data on students’
performances.

Inter-rater reliability

To ensure stability of the collected data, inter-
rater/inter-scorer reliability checks were conducted
throughout the research investigation on students’
quiz scores. Before commencement of the data col-
lection process, the first author trained the classroom
teacher to score samples of science quizzes. Specifi-
cally, the teacher was first trained on how to review
the criteria of scoring (i.e., a student matching line
not pointed directly to the correct picture or missing
main conceptual word[s] when defining terminolo-
gies would count as a wrong response, and a correct
word underlined and/or written in the gap would
count as a correct response) before the initiation of
actual grading. Both the first researcher and the
teacher marked samples until they reached 100%
agreement on 10 consecutive items. Any items that
were marked differently were thoroughly discussed
until agreement was obtained. Then, both the first re-
searcher and the teacher independently scored partic-
ipant quizzes. Independent scoring was compared on
an item-by-item basis (Kazdin, 2011). When both
scores marked a response as correct or incorrect, it
was marked as an agreement. If independent scores
were different (one correct/one incorrect), it was
marked as disagreement. Afterwards, inter-rater reli-
ability was calculated using the following formula:
number of agreements divided by number of agree-
ments and disagreement x 100. As a rule, a minimum
of 80% agreement is mandated for acceptable relia-
bility coefficients (Huck, 2012). The reliability coef-
ficient for the first dependent variable (number of
correct answers on five-item science quizzes) was
94%, and the reliability coefficient for the second de-
pendent variable (number of correct answers on 10-
item, cumulative science pre- and post-tests) was
92%. Both coefficients fell above standard, indicat-
ing scores were trustworthy and consistent over time.

Independent variable

Explicit instruction (El) is an evidence-based teach-
ing approach, and it represents the first component of
the interventional program. In El, the instruction is
carried out in three phases (Archer & Hughes, 2011).
Students with and without special needs obtained op-
portunities to practice the learned skill and master by
going through the three main phases (I Do: teacher’s
presentation/modeling), (We Do: both teacher and
students work on the skill, the guided practice), and
(You Do: students work on the skill individually/in-
dependently, the unguided practice).

Numbered Heads Together (NHT) without incentives
served as the experimental/independent variable. The
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standards of NHT procedures were applied, consist-
ing of four components: a) small, heterogenous learn-
ing groups; b) structured roles within the groups; c)
positive interdependence; and d) identification of col-
lective group performance. At first, the students were
placed in small, heterogenous learning groups, con-
sisting of four students each. When possible, the
groups were heterogenous in terms of ethnicity and
achievement levels, formed systematically (Kagan &
Kagan, 2009). Each group involved at least one high
achiever, average and low performing participant
who sat in desk “clusters” during teacher-led instruc-
tion. The students were assigned numbers to follow
the structured roles. Next, students were given dry
erase whiteboards, markers, and cleaning cloths/eras-
ers to write their individual responses. After the
teacher’s direct question(s) to the class (e.g., what is
reptile skin covered with?), the students would write
their individual responses on the boards and “put
their heads together” in order to share information,
finalize the group answer, or, when necessary, tutor
one another. In each group, the four students would
make sure that each member agreed on the best an-
swer that was selected and written on the board.
When the teacher randomly called a number from 1
to 4, all of the numbered students stood and their (de-
cided) answer was written on the board. Other stu-
dents would be asked if they agreed (i.e., how many
number 3s agree?) or if they could add to this answer.
The teacher then provided positive and/or immediate
corrective feedback, and the students would give a
round of applause/group cheers for correct answers.

Fidelity checklists were created to ensure that NHT
was implemented as intended, and a fidelity check
was conducted during the experimental phases. An-
other classroom teacher who was unfamiliar with the
study purpose observed and recorded the presence or
absence of NHT procedural steps. This was to some
extent challenging at the beginning, because that
teacher did not encounter NHT prior the research.
She was not familiar with research phases either. The
first researcher explained to her the procedural steps
that she was required to carefully observe and mark
their presence and/or absence. Fourteen procedural
steps were listed in the checklist as the following: 1)
Giving a signal for students to group activity, 2) in-
troducing and/or reminding students with NHT, 3)
giving instructions prior NHT: 4) a student should se-
lect a number tag from the number box on teacher’s
table, 5) a student puts on her number tag lanyard, 6)
each student uses her self-white board pasted on the
textbook cover back, marker and eraser, getting ready
for the teacher’s” Good to Go”, 7) reviewing NHT,

and students would cooperate in each group for an-
swering teacher’s questions, 8) attending teacher’s
question, 9) putting their heads to the group’s class-
mates to discuss possible answer(s), 10) any student
does not understand the question, the members coop-
erate to explain the question, giving further explana-
tion/clarification(s), 11) sharing ideas on the self-
boards, to reach a consensus, 12) writing the shared
answer on the board, 13) getting ready to teacher’s
number calling on, 14) praising correct group answer
and/or giving direct, corrective feedback when
needed. Fidelity was calculated as the number of pro-
cedural steps present divided by the number of steps
present and absent x 100. Fidelity obtained was
100%, indicating that the intervention was delivered
with a high degree of accuracy. The fidelity checklist
is available from the first researcher upon request.

Research procedures

As abovementioned, ethics of scientific research
were followed before commencement of the research
procedures. The research purpose and procedures re-
ceived the College of Education Dean’s approval, at
Kuwait University. Then, an approval letter from the
Dean’s office was sent to the Superintendent of Ele-
mentary Level in Farwaniya School District. The dis-
trict issued an approval letter, afterwards, to conduct
the research. Once the approval received, the first re-
searcher prepared the parent/legal guardian consent
letters. Legal guardian consent letters were distrib-
uted to the participants by the science teacher and re-
ceived the next day.

Prior to the pre- and post-test phase, single-subject
(alternating treatment design) was used to compare
student performances during the conditions of HR
and El with NHT without incentives. A single-sub-
ject (alternating treatment) design was used to pro-
vide descriptive and correlational information on the
relationship of these two strategies in comparison to
HR and to determine which one of the two (Interven-
tional program or HR) was more powerful.

Hand raising [HR]. During this condition, the
teacher taught the lessons using the typical instruc-
tional material (i.e., pictures, figures) and method
(i.e., lecturing, didactic manner). The teacher then
asked direct, content-based comprehension questions
of the entire class and waited for students (usually be-
tween 3-5 seconds) for students to respond by raising
their hands. After randomly selecting one student to
respond, the teacher provided verbal (positive or cor-
rective/constructive) feedback based on the student’s
response. If the student’s response was incorrect, the
teacher called on other students to provide the correct
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answer. At the end of the session, the teacher read
aloud questions from the daily five-item quizzes, and
students independently wrote responses. Quizzes
were graded and returned the next day.

Student instruction/training. Participants were
taught using the El phases. The teacher taught the
content in each class (modeled the skill) as assigned
by the Science Supervision Annual Content Plan. Af-
ter the modeling (I Do) phase, she asked participants
to work with her on the same skill with different ex-
amples/exercises conducting the (We Do) phase.
Then, giving students worksheets to work on the ex-
ercises/tasks independently, (You Do) phase. Feed-
back, and immediate correction was given when
needed.

Prior to the initiation of NHT, the first author intro-
duced and trained the classroom teacher on how to
conduct NHT procedures. Afterwards, students were
trained by the teacher on how to use NHT procedures
during a 40-minute session. Students were placed
into 5 four-member heterogenous teams and asked to
move close to one another. As mentioned above, each
group involved at least one high-achieving student,
one average-performing student, and one low-per-
forming student. These placements were done pri-
vately, and students were unaware of their science
achievement statuses. Additionally, each student was
assigned a number from 1 to 4. The teacher then de-
scribed and explained the procedures of NHT, and
how they could be used during the upcoming science
lessons. During the training phase, participants were
presented with an 8, sample science quiz, during
which they practiced NHT procedures. After each
question, they were asked to “put their heads to-
gether,” come up with the best answer(s) they could,
discuss and share responses, finalize their agreed-to
answer, and write it on their boards. The teacher ran-
domly called a number from 1 to 4. All students who
had that number would stand and share their deter-
mined answer. The teacher provided positive, imme-
diate, and corrective feedback. She also gave them
feedback on the accuracy of the students’ NHT pro-
cedure implementation. Formal data collection initi-
ated after the training phase, and when students
demonstrated correct, accurate performances of NHT
procedures.

NHT. During NHT, instructional materials, time, and
methods (i.e., didactic) remained constant. As men-
tioned above, the students were placed in hetero-
genous, four-member learning groups, and sat in
small clusters. Each student was given a number from
1 to 4, and group membership remained the same

throughout the context of the study. The teacher
asked the questions, and the students were asked to
put their heads together, share their best answer, offer
quick tutoring to the group members when needed,
jot down the final answer, and get ready for the call-
ing of numbers. The wait time given to students to
share and discuss was 30 seconds. Then, the teacher
said, “All number (1s, 2s, 3s, or 4s) stand up and
share your answer to the class.” To ensure that the
other students knew the answers, the teacher asked,
“How many other similar number (1, 2, 3, or 4) stu-
dents agree with that answer?” Feedback regarding
students’ responses was provided. At the end of each
NHT session, students were asked to independently
complete five-item quizzes using procedures identi-
cal to the HR condition.

For the quasi-experimental part of the methodology,
both control and experimental groups took the pre-
and post-test exams. Before the commencement of
the study phases, the classroom teacher administered
a 10-item cumulative science pre-test for both
groups/classes. For the experimental group, partici-
pants adhered to single-subject procedures, and after-
wards were administered the cumulative science
post-tests, similar to their peers in the control group.

Data Analysis and Results

Data were analyzed by calculating the averages of
daily quizzes of students across the two research con-
ditions of HR and (El & NHT) during the single-sub-
ject design/method. For the quasi-experimental
method, t-tests were used to derive statistical differ-
ences between the control and experimental groups in
the acquisition of the learned knowledge/content of
science, as displayed in the results of pre- and post-
tests. Another method of calculating effect size (Co-
hen’s d) was used to see the effects of the interven-
tion. The results of the data analyses are presented in
alignment with the research questions.

1) What is the impact of El and NHT (without incen-
tives) on the number of correct answers per daily sci-
ence quizzes of the participants?

As depicted in Table 2, the entire class increased their
average scores when the EI and NHT were imple-
mented. Students increased their average score to
4.35 during the first session of El and NHT in com-
parison to the first session of HR (2.25). During the
last two sessions of EI and NHT, students improved
their average scores to 4.7 (from 3.05 and 2.65 during
sessions 4 and 5 of HR, respectively). As noted, class
performance was to some extent low during the HR

428



Average Scores of Daily Science Quizzes of the Entire Class

Journal of Educational and Psychological Studies - Sultan Qaboos University (page 420-435)

Vol. 18 Issue 4, 2024

condition, while the class improved their average
range during El and NHT sessions (4.35-4.7).

When considering individual students’ average
scores, these were accelerated on the days/sessions of
El and NHT in comparison to HR. Students with or
at risk of disabilities also accelerated their average
scores during EIl and NHT.

Table 2: Entire class averages on daily, science quiz
scores across experimental conditions per session

Sessions HR El & NHT
1 2.25 4.35
2 2.45 4.45
3 2.5 4.45
4 3.05 47
5 2.65 4.7

Figure 1: Daily Science Quizzes
5
4.5
4
35
3
25
2
15
1
0.5
0

HR El & NHT

Sessions

2) Are there any statistical differences between the
control and experimental groups in the acquisition of
the learned content?

T-tests were used to determine if there were statistical
differences between the control and experimental
groups in the acquisition of the learned
knowledge/content of science, as displayed in the re-
sults of pre- and post-tests. Table 4 indicates that
there were statistical differences at o = 0.05 between

the experimental and control group, and these differ-
ences were due to the intervention (EI & NHT),
which was presented for the experimental group. For
the post-tests, t-test value was 7.070, and statistical
difference reached 0.000. The result indicated p =
0.000 < 0.05, which showed that there were statistical
differences between the two groups for the sake of the
experimental group. Additionally, the mean score of
the experimental group was 8.40, with a standard de-
viation of 0.995 in comparison to the control group’s
mean score of 5.55 and standard deviation of 1.504.
These scores demonstrated that the experimental
group performed significantly better than the control
group in the acquisition of science learning con-
tent/knowledge. Results showcased that the perfor-
mance of the experimental group (including students
with disability and/or at risk of school failure) was
higher than that of the control group due to El and
NHT, in comparison to the control group’s perfor-
mance.

Table 3: Individual student averages on daily science
quizzes across experimental conditions

. Experimental Conditions
Participants P

HR El & NHT
1 2.4 4.6
2 2.4 4.8
3 2 4.6
4 1.6 4.8
5 14 3.6
6 2.4 4.6
7 3.2 )
8 1.8 4.4
9 18 4.2
10* 2.8 4.4
11 2 3.6
12 2.8 4.2
13* 3.4 4.8
14* 1.8 4
15 3.2 5
16 2.6 4.4
17 3.6 4.8
18 3.4 4.8
19 3.2 5
20 2.4 4.6

Note. Asterisk indicates students with and/or at risk of disabili-
ties.

Table 4: T-test for Both Experimental and Control Groups’ Post-Tests.

Measure  Group N Mean

Standard Deviation

Statistical Significance

T-Value P value

Post test  Experimental 20 8.40

.995 7.070 0.000
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Control 20 5.55 1.504

3) Are there any statistical differences between the For the post-tests, however, there were significant
control and experimental groups’ pre- and post-tests? differences between the two groups at o = 0.05 due to
T-tests were used to calculate and analyze data for the El and NHT presentation to the experimental group,
third research question, which concentrated on ex- as shown in Table 5. The t-value reached 4.822, with
ploring whether there were differences between the a statistical significance of 0.000, and it was less than
control and experimental groups in their pre-tests. As 0.05, p = 0.000 < 0.05. This indicates that there were
displayed in Table 1, there were no statistical differ- statistical differences between the pre- and post-tests,
ences at o = 0.05 for the instruction presented, for with such differences relevant to the post-test sce-
both control and experimental groups. T-value nario. In addition, the mean score for the pre-test was
reached 0.717), with statistical significance p= 0.478 5.5000, with a standard deviation of 1.754; the mean
> 0.05. It was thus concluded that there was no sig- score notably increased in the post-test, reaching
nificant difference between the two groups in the ac- 6.9750, with a standard deviation of 1.914. This find-
quisition of the learned skills in their pre-tests. The ing demonstrates that the intervention highly acceler-
experimental group achieved a mean score of 5.30 ated the participants’ performances in the experi-
and standard deviation of 1.809; this approximates mental group in comparison to their peers in the con-
the performance of the control group, which obtained trol group. Students with and without special needs in
a mean score of 5.70 and standard deviation of 1.719. the experimental group improved their science con-
This indicates that both groups’ performances were tent acquisition and academic achievement/perfor-
similar to each other before the introduction of El and mance when they experienced EIl and NHT.

NHT.

Table 5: Paired Sample T-Test for the Pre and Post-Tests Differences

Measure Test N Mean Standard Devia- T- Statistical Significance P
tion Value value
Achievement  Pre-test 40 5.5000 1.754
Test Post-test 40 6.9750 1.914 4.822 0.000
4) What is the effect degree (or effect size) of the ex- To derive social validity data regarding the interven-
perimental group performance and after the delivery tion, the first researcher conducted an interview con-
of the intervention? sisting of three open-ended questions with the science
Table 6 displays the effects size (Cohen’s d) of the teacher who delivered EI and NHT. The teacher indi-
intervention presented to the experimental group. Co- cated that both EI and NHT were easy to implement
hen’s d reached 0.8, and the t-value of the post-test and very straightforward ways of teaching. She
for the achievement test reached 4.822. This result in- stated:
dicates a large effect size for the intervention. Modeling the skill (EI) and instructing the students
) step by step were always called as old-fashioned
Table'6: Degree of Effect of the Intervention for the ways of teaching, unfortunately. Additionally, this is
Experimental Group’s Post-Test the first time | know that group activity (NHT) which
Neasure T- Cohen’sd  Degree of included the §tep by ;tep, clear queling (_by student
Value Effect to her peer') is an evidence-based instructional strat-
Achievement  4.822 08 Large egy. How it shouldn’t b_e? IF bene_ﬁted ALL my .stu-_
Test: Post- dent-s! I have st_udents with disruptive be_hawors (Ilkg.
test yelling for having turn to answer, walking around in

class), along with those with learning disabilities. |
noted they were all engaged when EI and NHT were
there. They attended my instruction and compre-
hended the skills and worked hard with their class-
mates.

The teacher also brought up an interesting point re-
garding NHT, which emphasized all of her students’

5) From a social validity standpoint: How did the
classroom teacher perceive the El and NHT in learn-
ing scientific concepts/themes?
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active learning, engagement, and class participation.
She stated:

At the beginning, | had this feeling that NHT could
be hard to implement. | have never encountered it. |
have never tried it. Yet, the surprise was it was easy
to implement. When | gave instructions/tasks of it
every time from the script you gave me, the students
started rehearsing the instructions with me! They
memorized them, knowing what to do, how to collab-
orate with their classmates and finalize their answers.
It was interesting to see how they helped each other
with the correct answers. | noted a few (like those
high achievers remodeling the concept over and over
again to their classmates (with disability and/or at
risk of school failure), in a very quick manner while
working in NHT to finalize their answer.

Discussion

The main goal of the current research was to explore
the effects of EI and NHT to see if they would impact
students with and without disabilities’ academic
achievement in science. All of the students in the ex-
perimental group benefited from the intervention, in-
creasing their achievement through their encounter
with this powerful instructional program. It is inter-
esting to note that the intervention produced immedi-
ate improvements both in students’ daily quiz scores
and in cumulative post-tests. It is also notable that
NHT improved student performance substantially
without using incentives (i.e., tokens), which corre-
sponds with prior NHT research (Johnson et al.,
1983; Kagan & Kagan, 2009). As previously indi-
cated by Heward and Wood (2015), following the
simple procedures of NHT (i.e., students putting their
heads together, sharing and discussing answers) in
order to reach a final consensus on the teacher’s ques-
tions noticeably increased students’ performance,
motivating them to carefully attend to the teacher’s
instruction and to perform well in the group activity
of NHT afterwards.

Indeed, while the present investigation provides rep-
licated, positive results of the instructional program
on students’ academic performance and active en-
gagement, it is novel to witness such an endeavor in
Kuwaiti public general education classes. In its su-
pervision of subject areas, the Ministry of Education
is constantly looking for innovative instructional
strategies, claiming that teacher’s modeling, as indi-
cated by the classroom teacher, is an “old-fashioned”
way of instruction. Nevertheless, the teacher’s role is
vital. The implementation of evidence-based instruc-
tional strategies requires highly qualified teachers

skilled in such instruction and in creating an engag-
ing, interactive learning environment for all students,
including those with special needs (Archer &
Hughes, 2011; McMillen et al., 2016; Rosenshing,
1987).

Here, students with and without disabilities experi-
enced an El and NHT condition in which they learned
the skill(s) deeply through the phases (I Do, We Do
and You Do) of El and then cooperatively worked
with their classmates in NHT to produce correct an-
swer(s) and saw their peers re-instructing/model-
ing/discussing the concept/theme when needed. This
result extended the positive effects showcased in pre-
vious literature. Additionally, it corresponds with
Haydon et al.’s (2010) findings that NHT resulted in
unique outcomes—namely, immediate and noticea-
ble gains in participants’ academic performance, and
reduction(s)/decrease in the disruptive behaviors of
some students. In NHT, students were given time to
discuss and formulate responses before being asked
or prompted to answer, as in hand-raising condition,
for instance: “As such, the putting your heads to-
gether process may have served as a form of pre cor-
rection for pupils when formulating responses” (Hay-
don et al., 2010, p. 235). They would correct each
other’s answers, hear more accurate responses, or
simply be quickly instructed (Maheady et al., 2006),
viewing the modeling for the second or third time in
a class. As a result, students would be unable to pre-
dict who would be chosen to answer; with the random
calling of team member numbers, all pupils in the
teams would be alert, paying better attention and hav-
ing more opportunities to respond than with the hand-
raising [HR] technique (Kagan, 1992; Maheady et al.,
2002). All of the students had the opportunity to agree
or disagree with an answer, share ideas, discuss con-
cepts, and have a turn to respond (McMillen et al.,
2016).

Limitations, Implications and Recommenda-
tions

Certain limitations should be considered when inter-
preting the current research results. One notable lim-
itation was regarding the interventional program. Im-
plementation of evidence-based instructional pro-
gram consisted of two strategies: EI and NHT, it
could be difficult to know which component contrib-
uted more to the increase of results. In other words,
the researcher could not know which strategy was
more effective than the other and/ or had greater im-
pact on the dependent variables. Another salient lim-
itation was the sample representation. The current re-
search used a sample of convenience. Forty, 4th grade
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students were divided into two groups: experimental
and control, in mixed methods, single-subject, alter-
nating design and quasi-experimental. The sample
size made it challenging to generalize the study’s
findings to larger population. A third limitation noted
was the inability to collect follow-up data because of
out-of-control circumstances (i.e., Spring break, Na-
tional and Liberation Day Holidays). These breaks
delayed the time of the study commencement and/or
phases which led to inability to collect maintenance
data. It would be more effective to see if the partici-
pants could maintain the learned skills overtime, by
measuring follow-up their performances. Follow-up
measurements help in knowing whether students, es-
pecially with special needs could remember the stud-
ied skills, and use them later.

The evidence-based intervention (EI & NHT) used in
the study represented a promising instructional pro-
gram to teach science to all students with and without
special needs in inclusive classrooms. Kuwaiti Edu-
cators should consider researching EI and NHT sep-
arately in their future research endeavors. The impact
of El along with NHT could be studied to identify
what areas of science curriculum they would im-
prove. Findings of the current study revealed that the
interventional program was effective, powerful, eco-
nomical and easy to implement in comparison, to
technological tools which are mandated by many Ku-
waiti science supervisors when visiting teachers in
their classroom. El shows the procedural steps, ana-
lyzing the task, clearly in very durable, detailed way
so students with and without special needs could ab-
sorb the learned skill easily. Additionally, NHT en-
couraged the team-work, and collaboration spirit
among all students. Students with special needs felt
home, secured when their classmates in the groups
were further explaining concept/theme. Students had
shared responsibility when providing answers to
teacher’s questions. This encouraged the idea of con-
tingency management in which each member is re-
sponsible of the classmate’s success (Maheady et al.,
2002). All students with and without special needs
benefited from the instructional program. This find-
ing implies that it is advisable for Kuwaiti educators,
in-service teachers to adopt evidence-based instruc-
tional strategies for delivering learning content. Edu-
cational policymakers could also modify the
codes/laws by mandating teacher preparation pro-
grams at public universities/colleges to prepare future
teachers on how to use/implement these strategies in
real contexts. Furthermore, it is recommended that

future research focuses on investigating the generali-
zability of El and NHT in other subject areas includ-
ing social studies, Arabic language Arts, and mathe-
matics. It is highly recommended to see the results of
both EI and NHT on performances of other students
with special needs’ performances (i.e., with behav-
ioral problems, visual impairments) and how such in-
terventional program could keep students on behav-
ioral and academically on track.

Conclusion

In conclusion, prior research displayed the effects of
evidence-based instructional strategies for students
with and without special needs, in different settings
involving general and/or inclusive learning environ-
ments. Effective strategies permit teachers to educate
students with wide-ranging abilities, delivering the
learning content in various settings such as general
education classrooms (Hughes et al., 2022). Partici-
pants could observe the taught skill and experience it,
receiving needed scaffolding to master the skill dur-
ing EIl activity. Afterwards, the students engaged in
active participation and had the opportunity to nur-
ture their social skills (i.e., discussing, agreeing, re-
specting others’ ideas, cooperating, and reducing dis-
ruptive behaviors) during NHT. Future research and
practice should further explore the use of El and NHT
to strengthen students’ learning outcomes.
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