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ABSTRACT
This study investigates the characteristics of cognitive development in lower-grade elementary school 
students, their readiness to engage in HOTS-based learning, and instructional strategies that align with their 
developmental stage. Using a Systematic Literature Review following PRISMA guidelines, data were collected 
from ScienceDirect, ERIC, and DOAJ for publications between 2021 and 2025. From 4,317 identified 
records, nine empirical studies met the inclusion criteria and were analysed. The findings show that lower-
grade students predominantly operate at the concrete cognitive stage while demonstrating emerging abstract 
reasoning. Their readiness to engage in HOTS depends on the provision of developmentally appropriate 
support. Strategies such as concrete media, including wayang beber and picture books; contextual and visual 
materials; inquiry-based discussion; project-based learning; gamified STEM activities; and collaborative 
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models have proven effective in stimulating critical, reflective, and problem-solving skills. Thus, this study 
contributes to the literature by clarifying how specific cognitive developmental characteristics systematically 
shape the selection of HOTS instructional strategies in lower grades and by offering an evidence-based 
framework to guide teachers and policymakers in designing HOTS instruction that is aligned with children’s 
cognitive development.

Keywords:	 Cognitive development, elementary school, higher order thinking skills, lower-grade student.

INTRODUCTION
The 21st-century education paradigm has undergone a significant shift, where learners are no longer 
required to master basic knowledge merely; students are expected to think critically, creatively, communicate 
effectively, and collaborate in addressing and solving various problems (Farisi, 2016; Husain, 2023; Kim et 
al., 2019; Marinda et al., 2025). These competences are part of the global agenda, reflected in the Sustainable 
Development Goals (SDGs), which emphasize the importance of providing quality, inclusive, and equitable 
education, as well as ensuring access to lifelong learning for all (Ragadhita et al., 2026). 
In response to these demands, the education system has prioritized the development of HOTS in its 
curriculum as the primary focus of the learning process at all levels of education, including elementary 
school (Nurfazri et al., 2025; Sofyan, 2019). HOTS encompass the ability to analyze, evaluate, and generate 
new ideas (Azam & Rokhimawan, 2020). These skills are needed to prepare students to face their lives  
(Marinda et al, 2025). By mastering HOTS, students are expected to be equipped with relevant skills to face 
the increasingly complex challenges of the times and an ever-changing world (Diah Rusmala Dewi, 2019; 
Nadia et al., 2023). Besides, HOTS skills not only include problem-solving, critical thinking, and social 
creativity needed for students to respond to various real-world issues, but also enhance students’ analytical, 
innovative, and adaptive mindsets (Ernawati Yurike, 2020; Mytra et al., 2021; Rizki et al., 2024). Through 
HOTS learning, students are no longer passive recipients of information; instead, they actively explore 
knowledge and seek solutions to problems. In addition, HOTS play a crucial role in knowledge construction 
and students’ achievement (Tanujaya et al., 2017), as well as their extracurricular achievements, supported 
by empirical studies (Wahidin & Romli, 2020). However, the application of HOTS to elementary school 
students, especially in lower grades (classes 1 to 3), poses its own challenges because children at this age 
are generally in the pre-operational to early concrete operational stage of cognitive development according 
to Piaget’s theory (Papalia et al., 2021). This stage indicates that students’ ability to think abstractly and 
logically is still in its early stages of development. Consequently, it is necessary to examine whether they are 
ready to receive learning that requires HOTS, such as analyzing, evaluating, and creating (Isrokatun et al., 
2024).
Research on effective learning strategies to improve HOTS skills has been conducted through a comprehensive 
review of published studies. For example, Kania & Kusumah (2025) analyzed 18 articles from the Scopus 
database published between 2018 and 2022. Their study focused on the current body of research concerning 
the instruments used to assess HOTS in mathematics education for several levels of education. Their review 
emphasized the crucial importance of a comprehensive evaluation approach for accurately assessing students’ 
cognitive capacities in advanced mathematical reasoning. Similarly, a CiteSpace and HistCite bibliometric 
analysis of HOTS was conducted using the Web of Science database, covering the period from 1984 to 2020 
(Liu et al., 2022). Their findings established a theoretical framework and a starting point for future study 
approaches, offering significant and valuable references for subsequent related studies while also fostering 
the advancement of HOTS practices. In addition, several studies demonstrated that HOTS learning tends 
to be more effective when applied at an older age (Ghanizadeh et al., 2020; Herianto, 2021). In contrast, 
in early childhood and early elementary school, learning was more focused on strengthening Low-Order 
Thinking Skills (LOTS), such as remembering and understanding (Anderson, L. W., & Krathwohl, 2001; 
Zohar, A., & Dori, 2012). Besides, there was also a suggestion that the introduction of HOTS could begin 
gradually from an early age, with an approach that was appropriate for the child’s development  (King, F. 
J., Goodson, L., & Rohani, 2011). Moreover, (Hamzah et al., 2022) analyzed 15 articles from WoS and 
Scopus (2017–2021) and concluded that although HOTS was an important trend in learning, teachers 
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still had difficulty integrating it due to the lack of utilization of metacognitive skills, so that metacognition-
based learning modules—which contained elements of HOTS, metacognition, and inquiry—were needed 
to strengthen teacher readiness and the effectiveness of HOTS teaching in schools.
To the best of our knowledge, no exhaustive review studies have precisely examined the methodologies 
employed to cultivate HOTS among elementary schools, particularly in the lower classes (1,2, and 3). 
However, several previous studies examined the same topic. First, Hamzah & Yusoff (2021) found that the 
i-Think map had the potential to enhance academic performance among students. However, there was no 
strong empirical evidence showing an increase in HOTS. Second, a Systematic Literature Review (SLR) on 
the implementation of HOTS in elementary schools (Pradana et al., 2024). By selecting the articles through 
Google Scholar and ERIC, they found 10 articles to be examined. Their results asked teachers to model 
and provide resources that helped pupils develop critical thinking abilities. They also needed to understand 
HOTS and identify any barriers or obstacles to its practical implementation in primary schools. Third, 
Shalikhah & Nugroho (2023) conducted a narrative review of 11 articles to analyze the implementation 
of HOTS in elementary schools through learning models, media, and assessments, using data obtained 
from ERIC and Mendeley for the period from 2018 to 2022. The results showed that various models, such 
as PBL, STEM, RADEC, and media like Fun Thinkers and Android games, as well as assessments like 
TTMCT, were proven effective in stimulating, training, and developing analytical, evaluative, and creative 
skills in elementary school students.
Until now, studies systematically examining the relationship between the cognitive development of 
lower-grade elementary school students (1, 2, and 3) and their readiness to engage in HOTS are limited. 
Meanwhile, HOTS demands analytical, evaluative, and knowledge-construction skills that go beyond mere 
procedural memory  (Armala et al., 2019; Ghifari, 2021). However, students at this early elementary school 
level are generally at the concrete operational stage, where thinking processes are still grounded in concrete, 
observable experiences (Marinda et al., 2024). Within this framework, cognitive development serves as 
the structural foundation of thinking capacity and the readiness to realise that capacity functionally in 
learning contexts (Saldivar, 2025). Besides, HOTS reflects the cognitive demands posed by pedagogical 
practices (Siti Faridah & Kuntoro Kuntoro, 2025). Affirming the conceptual relationship between these 
three constructs is necessary to ensure that HOTS implementation in lower-grade elementary school has a 
strong developmental foundation and adequate pedagogical legitimacy.
To fill this gap, this SLR study aims to answer three main questions: 1) What are the characteristics of 
lower-grade elementary school students’ cognitive development? 2) To what extent do these characteristics 
indicate readiness to engage in HOTS-based learning? 3) What kind of implementation strategies are aligned 
with the cognitive developmental profile of students at that stage? Through a synthesis of recent empirical 
findings, this study aims to build a coherent conceptual framework between developmental theory and 
instructional design and to provide an evidence-based basis for designing HOTS practices appropriate to the 
developmental characteristics of lower-grade students. Therefore, this review article offers another alternative 
by describing the cognitive development characteristics of lower-grade elementary school students, analyzing 
their relationship with HOTS readiness, and identifying appropriate HOTS implementation strategies.

METHOD
Procedure and Data Collection
This study employed an SLR to critically synthesize the findings of individual studies that answer clearly 
formulated questions with the PRISMA (Preferred Reporting Items for Systematic Review and Meta-
Analysis) guideline (Cumpston et al., 2019). PRISMA was used to enhance the quality of reporting, allowing 
readers to easily understand the methods, results, and validity of a systematic review (Page et al., 2021). 
The literature search strategy was systematically designed to ensure that all sources reviewed were highly 
relevant to the review questions regarding the application of HOTS in lower-grades of elementary school. 
This process was carried out in several stages to ensure the traceability, validity, and transparency of the 
article selection process. Besides, the selection of three databases, ScienceDirect (SC), Education Resources 
Information Center (ERIC), and Directory of Open Access Journals (DOAJ), was based on academic 
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considerations and disciplinary relevance. SC provides access to reputable international journals with strong 
coverage in education and social studies. ERIC is a specialised database focused on educational research 
and widely used in pedagogical studies. DOAJ is included to capture open-access publications that have 
undergone a curation process for academic quality and to broaden the scope of the international literature. 
Given the research focus on elementary education and learning practices, these three databases are deemed 
adequate and representative for capturing empirical studies relevant to the established scope. In addition, all 
articles identified through the selection process are based on predetermined inclusion and exclusion criteria, 
resulting in studies that directly address the link between the characteristics of cognitive development and 
readiness of lower-grade students and HOTS implementation. Therefore, this method ensures consistency 
between the research questions, the data sources used, and the synthesis process.

Figure 1. PRISMA flowchart.
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Inclusion and Exclusion Criteria
The selection of these three databases was based on their open-access status, multidisciplinary coverage, 
and the number of peer-reviewed publications (Syahrussalamah et al., 2025). Besides, data collection was 
conducted between July and August 2025 by using the keywords “Child Development Theories” AND 
“Lower Elementary Students” OR “Elementary School” AND “Higher Order Thinking Skill” OR “HOTS 
Implementation Strategies” OR “Critical Thinking Implementation”. The limitations for the articles 
reviewed were set at peer-reviewed journal articles, full text available or open access, published between 
2021 and 2025, and written in English.
The selection process for relevant publications was conducted systematically through four stages: 
identification, screening, eligibility evaluation, and final inclusion, as illustrated in Figure 1. An initial 
search was conducted in three primary databases: SC, ERIC, and DOAJ, which resulted in a total of 4,317 
articles—consisting of 1,591 articles from SC, 652 articles from ERIC, and 2,074 articles from DOAJ. 
After the initial screening process based on the criteria of publication year of the last five years (2021–2025), 
descriptors, article type, and education level were also used as additional parameters, leaving 92 articles for 
further review, except for the last two keywords, which were only screened in the last two years due to the 
vast number of results. A metadata analysis was then conducted to identify and remove duplicates, resulting 
in 90 unique articles. Furthermore, the next stage of analysis focused on reviewing the relevance of each 
article to the research focus. The in-depth review revealed that several manuscripts did not meet the main 
criteria related to cognitive development, HOTS implementation readiness, and HOTS implementation 
strategies in lower elementary grades. Articles excluded included (1) studies on HOTS in the context of the 
general curriculum, (2) research related to HOTS programs for prospective teachers or university students, 
(3) studies on HOTS implementation in upper elementary, middle, and high school levels, (4) articles on 
HOTS implementation in inclusive classes, and (5) research focused on early childhood or kindergarten. 
Based on the selection process with these eligibility criteria, nine articles were identified as eligible for further 
in-depth analysis.
The number of studies included in the final synthesis was relatively small compared to the general literature 
on HOTS in elementary education. This was directly related to the specificity of the studies, which explicitly 
required a link between the characteristics of lower-grade students’ cognitive development and indicators 
of their readiness to meet HOTS demands. In other words, not all research on HOTS in elementary 
schools explicitly addressed this dimension of cognitive readiness; thus, applying a strict inclusion criteria 
methodologically limited the number of eligible articles. Furthermore, the selection criteria were designed 
to maintain conceptual consistency, align with the review questions, and be empirically relevant to the 
constructs under study. As a result, articles discussing general learning strategies without linking them to 
lower-grade students’ cognitive developmental stages and their readiness to receive HOTS were excluded 
from the final synthesis. Although the number of studies was small, the focus enabled a more in-depth 
and integrated analysis of existing patterns of findings. Therefore, through this selection process, we aimed 
to ensure that each study directly contributed to our understanding of the relationship between cognitive 
development, readiness, and HOTS implementation in lower grades.

FINDINGS
This section discusses the following review aspects: (1) Characteristics of cognitive development of lower grade 
elementary school children (Grades 1, 2, and 3), (2) Readiness of lower-grade elementary school students 
in accepting the application of HOTS, and (3) HOTS implementation strategies that are appropriate to 
the cognitive development stage of lower grade elementary school students. Of the nine articles selected 
based on the inclusion criteria, the articles are analyzed qualitatively and descriptively (see Table 1). This can 
provide a brief overview of the research landscape, specifically how previous research addresses the questions 
addressed in this review study.
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Table 1. Analysis of results based on Review Questions

No. Title Author & year Students’ cognitive 
abilities

Preparation of lower grade 
elementary school students

HOTS implementation 
strategies

1

Elementary 
Students’ 

Understanding 
of the Equals 
Symbol: Do 

Florida Students 
Outperform Their 

Peers?

Farfan & 
Schoen (2021)

Lower grade students 
often misinterpret 

the “=” symbol as an 
operation command 
rather than a relation 

of equality. This 
understanding is still 
fluctuating in grades 

1 – 3.  

Not available Not available

2

CLIL Approach 
and the Fostering 

of “Creactical 
Skills” Towards a 

Global Sustainable 
Awareness

Cruz (2021) Not available

Students are well-
prepared because they 
are accustomed to 21st-

century skills, such as critical 
thinking, communication, 

and collaboration. Their 
preparation is reinforced 

through cross-circular 
experiences that stimulate 

problem-solving.

Strategies include 
project-based learning 

and authentic 
materials. Cross-

circular integration 
encourages the 

application of HOTS in 
real-world contexts.

3

Creating 
classrooms 

for change: A 
qualitative study 

of practices 
to promote 

children’s skills for 
adaptability in 

primary schools in 
Kigali, Rwanda

Bayley (2024)

Lower-grade students 
are still in the early 
stages of cognitive 

development, where 
their logical thinking 

and concentration 
abilities are still 

limited.

Students have a foundation 
of preparedness because 

flexibility in thinking is 
formed early on. However, 
large classes and teacher 

rotation limit opportunities 
for applying HOTS.

Strategies to foster 
flexibility through 

varied activities and 
transitions between 
activities. Teachers’ 
consistencies are 
crucial to support 
HOTS sustainably.

4

Development 
of Teaching 

Materials Based 
on Differentiated 

Learning to 
Improve Critical 

Thinking 
Dimensions of The 
Pancasila Learner 

Profile

Maulida et al. 
(2024)

Elementary school 
students still have 

low critical thinking 
skills due to limited 
teaching materials. 

Analytical skills are still 
developing.

Preparedness is still in 
its early stages, with the 

majority of students 
demonstrating low 

critical abilities. However, 
differentiated teaching 
materials can improve 

readiness for higher-level 
thinking.

Strategies are 
implemented through 
differentiated learning 

with innovative 
teaching materials 

aligned with critical 
thinking indicators. 

Creative content 
presentation 

(stories, comics, and 
animations) helps build 

interest and HOTS.

5

Discussion-
Based Pedagogy 

to Promote to 
Socioemotional 

Learning and 
Well-Being Among 
Students in Japan

Kitami Y & 
Yamuchi LA 

(2022)
Not available Not available

A strategy in the 
form of P4C-based 

discussion that build 
an inquiry community. 
Teachers create a safe 
environment so that 

students become 
accustomed to 

thinking logically and 
reflectively.
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No. Title Author & year Students’ cognitive 
abilities

Preparation of lower grade 
elementary school students

HOTS implementation 
strategies

6

Engaging Children 
in Philosophical 
Inquiry through 

Picturebooks

Gichuru et al. 
(2024)

Young learners are 
philosophical, curious, 

and interested in 
issues of value. They 

are capable of simple 
reasoning from 

discussions.

Students demonstrate 
initial readiness with their 
ability to respond to open-
ended questions. However, 
students still need teacher 
facilitation to think more 

reflectively.

Strategies using 
picture books 
as triggers for 
philosophical 

discussion. A safe 
dialogic environment 

teaches children to 
reason and consider 
various perspectives.

7

Improving 
Students’ 

Collaboration 
Thinking Skill 

Under the 
Implementation 
of the Quantum 
Teaching Model

Nahar et al. 
(2022)

Students are still 
weak in collaboration, 

finding it difficult to 
share roles and accept 

opinions. Critical 
thinking potential 
begins to emerge 
when facilitated.

Preparedness is still in 
its early stages because 

collaborative skills are not 
yet mature. However, critical 
thinking potential increases 

through active learning.

The Quantum Teaching 
(TANDUR) strategy 

creates an interactive 
and contextual 

learning environment. 
The focus is on 

cooperation, group 
discussion, and 

refelction to foster 
HOTS.

8

The Effect of 
Gamified STEM 

Practices on 
Students’ Intrinsic 

Motivation, 
Critical Thinking 

Disposition Levels, 
and Perception of 
Problem-Solving 

Skill

Asigigan & 
Samur (2021) Not available Not available

Strategies using 
gamification such as 

points, badges, or 
challenges. Simple 

project activities 
and small group 

discussions reinforce 
HOTS.

9

The Influence of 
Wayang Beber (The 

Legend of Wasis 
Joyokusumo) as a 
Character-based 

Learning Media on 
Students’ Critical 
Thinking Ability

Nugraheni et 
al. (2022)

Elementary school 
students’ careful 

character and curiosity 
begin to emerge. 

Being in the concrete 
operational stage, 
they understand 

better through visual 
media and stories. 
Students begin to 

show simple logical 
reasoning.

Students’ readiness is quite 
good because curiosity 
and logical reasoning 

have already emerged. 
However, students 

still need interesting 
media to maintain their 

concentration.

The strategy of using 
wayang beber media 

connects concrete 
experiences with 

abstract concepts. 
Meanwhile, 

discussions, open-
ended questions, and 
role-playing reinforce 

HOTS.

Table 1 shows a consistent pattern of relationships among lower-grade students’ cognitive characteristics, 
readiness levels, and HOTS implementation strategies. In terms of cognitive abilities, most studies confirm 
that lower-grade students are still at the concrete operational stage. For example, Farfan & Schoen (2021) 
shows that students in grades 1-3 still misunderstand the symbol “=” as an operational command rather than 
an equivalence relation. Besides, Bayley (2024) emphasises that students’ logical abilities and concentration 
remain limited. In addition, Maulida et al. (2024) reports that analytical skills are still developing and are 
classified as low. More than that, Nahar et al. (2022) find that lower-grade students’ collaborative abilities 
are immature, although their potential for critical thinking is beginning to emerge. Furthermore, Nugraheni 
et al. (2022) found that curiosity and simple logical reasoning are beginning to develop, especially when 
supported by visual media. Meantime, Gichuru et al. (2024) shows that children are capable of simple 
reasoning in philosophical discussions. These findings demonstrate that students have HOTS potential but 
still require concrete and structured support. 
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On the other hand, in terms of readiness, some studies indicate that readiness is still in its infancy and 
is developing. Maulida et al. (2024) and Nahar et al. (2022) emphasise that readiness is still low due to 
limited teaching materials and collaboration skills. Meanwhile, Bayley (2024) say that thinking flexibility is 
beginning to develop, but large class sizes and teacher rotation limit the implementation of HOTS. Gichuru 
et al. (2024) state that students can respond to open-ended questions but still require teacher facilitation. 
Nugraheni et al. (2022) reports relatively high readiness, as curiosity and simple logic have emerged. Equally 
important, Cruz (2021) indicates higher readiness because students are familiar with 21st-century skills. 
This pattern suggests that readiness is not uniform and is strongly influenced by the pedagogical context.
Furthermore, HOTS implementation strategies are selected according to the cognitive profile. Maulida et 
al. (2024) use differentiation and innovative materials, such as stories and comics, to bridge the gap in the 
development of analytical skills. Nugraheni et al. (2022) utilize wayang beber to connect concrete experiences 
with abstract concepts. Gichuru et al. (2024) and Kitami and Yamuchi (2022) implement philosophy-
based discussions to practice simple argumentation in a safe environment. Nahar et al. (2022) use the 
Quantum Teaching model to strengthen collaboration and reflection. Asigigan and Samur (2021) conduct 
gamification to increase motivation and thinking resilience. Cruz (2021) employs project-based learning 
and cross-curricular integration to encourage the application of HOTS in real-life contexts. These strategies 
demonstrate that the choice of methods is not random but rather a direct response to the concrete-thinking 
characteristics, limited concentration, and scaffolding needs of lower-grade students.

DISCUSSIONS AND CONCLUSION
Characteristics of Cognitive Development in Lower Elementary School Students
Children’s cognitive development progresses as they grow older. According to Purwulan (2024), cognitive 
development encompasses the ability to think, process information, and solve problems. Jean Piaget, as cited 
in Papalia et al. (2021), classified children’s cognitive development into several stages. In the preoperational 
stage (ages 2–7), children begin to use symbols and language but still think egocentrically and struggle to 
understand others’ perspectives. Meanwhile, in the concrete operational stage (ages 7–11), they begin to 
think logically about tangible objects and understand concepts such as conservation, classification, and 
seriation.
On the other hand, lower-grades of elementary school students (classes 1–3) are in the 6–9 age range (Suroto, 
2024). They are generally in an essential transition between the preoperational and concrete operational 
stages. In this situation, teachers are required to understand students’ developmental characteristics before 
the learning process begins. The findings of this study indicate that children tend to understand concepts 
through real experiences, visuals, and manipulation, as well as are not yet fully capable of abstract thinking. 
For example, Farfan & Schoen (2021) showed that lower-grade students still often misinterpret simple 
mathematical symbols, such as the equal sign (=), indicating that pupils’ logical reasoning is still fluctuating 
from grades 1 to 3 (see Figure 2).
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Figure 2. Scatter Plot for the Average Percentage of Correct Responses to Items with the Same Symbols 
by Grade Level (K – 3) for Outside Florida, BAU Florida, and CGI Florida Data (Adopted from Farfan & 

Schoen, 2021).

Figure 2 shows that students’ understanding of basic mathematical symbols, such as the equal sign (=), 
remains unstable from grades 1 to 3. This phenomenon is evident in the data distribution, which does not 
display consistent improvement across grade levels. Moreover, the pattern indicates that students’ logical 
reasoning is still in the developmental phase and has not yet reached full maturity. In addition, several 
studies have confirmed that early elementary school students exhibit a high level of curiosity and emerging 
critical thinking skills; however, these abilities remain relatively limited. Although students are capable of 
basic reasoning when provided with stimuli such as open-ended questions or picture books, they still require 
substantial teacher facilitation to deepen their cognitive engagement (Gichuru et al., 2024). Moreover, while 
they begin to demonstrate elementary forms of logical reasoning, they tend to comprehend abstract concepts 
more effectively when these are associated with visual media or contextual narratives (Nugraheni et al., 
2022). At this developmental stage, their logical thinking and concentration capacities remain constrained 
(Bayley, 2024); consequently, they are easily distracted by minor factors, such as the teacher’s attire. Short 
instructional periods (e.g., 40 minutes) often fail to foster meaningful understanding. Therefore, their focus 
is still evolving and is heavily influenced by emotional attachment to the teacher. Overall, children’s critical 
thinking abilities at this age remain relatively low, particularly when instructional materials lack sufficient 
depth to stimulate higher-order reasoning (Maulida et al., 2024). A summary of these findings on the 
cognitive characteristics of lower-grade students is presented in Table 2.
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Table 2. Cognitive Characteristics of Lower Grade Students

No Cognitive Characteristics Key Findings  Source

1 Students often misinterpret simple 
mathematical symbols.

Logical reasoning fluctuates from grades 1 – 3, 
abstraction is not yet stable.

Farfan & 
Schoen (2021)

2 Children respond to open-ended questions/
picture books with simple reasoning.

Critical potential emerges, but still requires 
teacher facilitation.

Gichuru et al. 
(2024)

3 Students understand concepts more easily 
through visual media/contextual stories.

Basic logic begins to develop, and media 
support is important.

Nugraheni et al. 
(2022)

4 Concentration is still limited, easily distracted, 
and short learning time is less effective.

Focus is influenced by emotions and the 
relationship with the teacher. Bayley (2024)

5 Critical thinking skills are low when teaching 
materials are inadequate.

Critical development depends on innovative 
and contextual teaching materials.

Maulida et al. 
(2024)

In general, the cognitive characteristics of lower-grade students remain concrete, as they tend to comprehend 
learning materials through tangible objects, visual representations, stories, and everyday experiences. 
Moreover, their high level of curiosity is reflected in the form of simple questions, interest in narratives, 
and a strong tendency to explore their surroundings. In addition, their early critical potential is evident, as 
they are capable of basic reasoning; however, they are easily distracted when learning is not supported by 
engaging media. Furthermore, their concentration levels remain relatively low and are strongly influenced 
by classroom conditions and the quality of teacher support.

The Preparation of Lower-Grade Elementary School Students in Accepting the 
Application of HOTS
In the application of HOTS, the cognitive readiness of lower-grade students is very crucial to consider. 
Students’ preparation to learn not only includes physical aspects, but must also involve psychological and 
learning material (Sundi et al., 2021). This phenomenon is caused by the mandatory nature of the HOTS 
learning process, which involves analyzing, evaluating, and creating (Nurfaidah & Mahardika, 2023). These 
three skills require students to connect information, make decisions, and design new ideas and solutions 
(Anderson, L. W., & Krathwohl, 2001). Meanwhile, the abilities of lower-grade students are still in transition 
between pre-operational and concrete operational stages. At this stage, their abstract and hypothetical 
thinking abilities are not yet fully developed.
The results of this study showed that the preparation of lower-grade students to accept the application 
of HOTS was still in its early stages and highly dependent on teachers’ support, learning media, and 
the strategies used. Several studies described that students’ readiness was quite good when their curiosity 
was facilitated. As stated by Nugraheni et al. (2022), lower-grade students already possessed logical and 
straightforward reasoning, so they were quite ready to receive HOTS if the learning material was engaging, 
such as wayang beber. In their findings, the critical thinking skills of the control class did not change, whereas 
the experimental class showed an effect on students’ critical thinking skills, as evidenced by a significance 
value of less than 0.01 (0.00 < 0.01). Similarly, students demonstrated initial development in responding to 
open-ended questions, although they still required guidance from teachers to think reflectively (Gichuru et 
al., 2024). Hence, students could respond positively and engage in responsive discussions.
On the other hand, Maulida et al. (2024) confirmed that the majority of lower-grade students still possessed 
low critical thinking skills despite limitations in the available teaching materials. This showed that students’ 
readiness was still limited, but it could be improved if teachers used more innovative and contextually relevant 
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materials. In their research, the use of differentiated teaching materials significantly improved the thinking 
skills of third-grade students, with an N-Gain score of 0.57 (moderate). Added by Nahar et al. (2022), who 
noted that students’ collaborative and critical thinking skills were initially weak, but this potential began to 
emerge when they were facilitated with active learning models, such as Quantum Teaching. The results of 
students’ tests in their study showed an increase in several criteria of collaborative thinking skills (see Figure 3).

Figure 3. Comparison of collaborative thinking skills in the experimental class between pre-test and post-
test (Adapted from Nahar et al., 2022).

Figure 3 illustrates that although students’ collaborative skills were initially low, the implementation of the 
Quantum Teaching model facilitated a significant improvement. The increase in post-test scores compared 
to the pre-test suggested that an active, communicative, and engaging learning environment effectively 
optimized students’ collaborative thinking abilities. This finding indicated that, with an appropriate 
pedagogical approach, students possessed both the readiness and potential to develop HOTS. Furthermore, 
within the context of cross-disciplinary education, students demonstrated a strong interest in foreign 
language learning, which served as an essential foundation for the implementation of HOTS (Cruz, 2021). 
Research on integrated content and language-based learning projects revealed that this approach enhanced 
students’ critical thinking, creativity, collaboration, and cultural awareness. Meanwhile, Bayley (2024) 
emphasized that the flexibility of thinking developed from an early age constituted a fundamental basis for 
cognitive readiness; however, external factors such as large class sizes and teacher rotation often impeded its 
effective implementation. A summary of these findings concerning the preparedness of lower-grade students 
to implement HOTS was presented in Table 3.
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Table 3. Students’ preparedness to participate in HOTS-based learning

No Students’ preparedness Key findings Reference

1 Students have curiosity and simple reasoning; 
attractive media is effective (significant test).

Students are sufficiently prepared for 
HOTS when they are facilitated with 

appropriate media.

Nugraheni et al. 
(2022)

2 Students respond positively to open-ended 
questions, but require teacher guidance.

Initial readiness exists, but is highly 
dependent on the teacher.

Gichuru et al. 
(2024)

3
Critical thinking skills are low if teaching 

materials are limited. It is proven by the N-Gain 
0,57, indicated in moderate level.

Limited preparedness, improves with 
innovative materials.

Maulida et al. 
(2024)

4 Weak collaboration and critical thinking, but 
improves through Quantum Teaching.

Potential emerges when actively 
facilitated.

Nahar et al. 
(2022)

5 High interest in foreign languages; integrated 
projects develop 4Cs.

Interdisciplinary interest supports HOTS 
preparedness. Cruz (2021)

6 Flexibility in thinking emerges early, but is 
hindered by a large class/rotation.

Readiness exists, but is influenced by 
external factors. Bayley (2024)

In general, the readiness of lower-grade students remained limited, as their critical thinking and collaborative 
skills had not yet fully matured. Therefore, the application of HOTS required intensive scaffolding to 
support their learning process. Nevertheless, these students demonstrated strong potential through their 
curiosity, cognitive flexibility, and emerging logical abilities, which provided a foundation for their overall 
preparedness. Furthermore, their readiness was significantly influenced by the use of appropriate teaching 
media and strategies; thus, students’ engagement and cognitive development tended to improve when teachers 
incorporated visual aids, stories, picture books, gamification, and cross-disciplinary projects. Moreover, they 
continued to rely heavily on the guidance of teachers and the surrounding learning environment. Hence, 
the consistency of teacher facilitation and the conduciveness of classroom conditions were essential factors 
in fostering students’ readiness to engage with HOTS-based learning.

HOTS Implementation Strategies Appropriate to the Cognitive Development Stage of 
Lower Elementary School Students
In learning activities, lower-grade students generally operate at the levels of remembering, understanding, and 
applying, while the ability to analyse, evaluate, and create still requires further development (Ishlahul’Adiilah 
& Haryanti, 2023). Although, many HOTS learning approaches and strategies have been used to help 
students improve their HOTS skills (Antonio & Prudente, 2021); however, due to the unique cognitive 
development of lower-grade students, the application of HOTS requires appropriate strategies to help 
students develop their HOTS skills (Ariati & Juandi, 2022). In addition, the improvement of HOTS is 
expected to have a positive impact on increasing students’ learning outcomes (Heindl, 2019; Oztürk et al., 
2022).
Furthermore, HOTS implementation strategies suitable for lower-grade students must be designed in line 
with their concrete cognitive development. Until now, the most effective strategy is to provide real, visual, 
contextual, and enjoyable learning experiences. For example, Nugraheni et al. (2022) utilized wayang beber 
as a concrete medium to engage students in learning practice. Added by Maulida et al. (2024), differentiated 
teaching materials based on stories, comics, and animations could help build interest in learning. Moreover, 
differentiated learning enabled students to learn at their own pace, according to their individual needs 
(Endeshaw, 2023). Besides, discussion and inquiry-based approaches have also proven effective, such as 
P4C, which can create inquiry communities in the classroom that foster logical and reflective thinking 
skills (Kitami Y & Yamuchi LA, 2022). Likewise, picture books can be used as triggers for philosophical 
discussions that encourage children to think from various perspectives (Gichuru et al., 2024). 
On the other hand, active and collaborative learning models, such as Quantum Teaching (Nahar et al., 2022) 
and cross-disciplinary project-based learning (Cruz, 2021), were also relevant strategies because they created 
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an interactive atmosphere, fostered cooperation, and trained problem-solving skills in real-world contexts. 
Additionally, gamification strategies applied in STEM learning had shown to increase intrinsic motivation 
while enhancing critical thinking and problem-solving skills (Asigigan & Samur, 2021). Moreover, STEM 
learning could develop 21st-century skills in students and foster information-based problem-solving skills 
(Tseng et al., 2013) (Tseng et al., 2013). Additionally, the flexibility of the activities, which allowed students 
to adapt and transition from concrete tasks to reflection, was beneficial, provided that teachers maintained 
consistency in their facilitation (Bayley, 2024). A summary of the findings on the implementation of HOTS 
strategies in lower-grade students is presented in Table 4.

Table 4. HOTS implementation strategies in lower grades

No HOTS implementation strategies Impact of HOTS Reference

1 Wayang beber media bridges concrete 
experiences with abstract concepts.

Effective in training simple critical reasoning 
in lower-grade students.

Nugraheni et al. 
(2022)

2
Differentiated learning with story-based 

teaching materials, comics, and animations 
increases interest and analysis.

Visual-contextual strategies encourage 
critical thinking in students.

Maulida et al. 
(2024)

3 P4C discussions from inquiry communities, 
training logical, and reflective thinking.

Suitable for fostering reflective thinking from 
an early age.

Kitami Y & 
Yamuchi LA 

(2022)

4 Picture books can spark philosophical 
discussions with diverse perspectives.

Effective in encouraging students to think 
critically and openly.

Gichuru et al. 
(2024)

5 Quantum Teaching encourages active 
interaction and collaboration.

Collaborative strategies strengthen critical 
thinking skills.

Nahar et al. 
(2022)

6 Cross-disciplinary projects develop creativity, 
collaboration, and problem solving.

Project-based learning supports the 4Cs and 
HOTS. Cruz (2021)

7 Gamification in STEM enhances intrinsic 
motivation and problem solving.

Effectively combines motivation with critical 
thinking skills.

Asigigan & Samur 
(2021)

8 Variations in flexible activities help students 
transition from concrete to reflection.

Strategies require teacher consistency for 
optimal results. Bayley (2024)

Importantly, the selection of these instructional strategies is explicitly grounded in the cognitive characteristics 
identified across the reviewed studies. Evidence shows that lower-grade students remain in the concrete 
operational stage and tend to rely on observable representations and contextual cues (Nugraheni et al., 
2022; Bayley, 2024). This explains why visual-narrative media such as wayang beber (Nugraheni et al., 
2022) and picture books (Gichuru et al., 2024) were selected to translate abstract reasoning into concrete 
forms. Furthermore, findings that analytical skills and symbolic understanding are still unstable, as reflected 
in limited critical dimensions and misconceptions in early grades (Maulida et al., 2024), justify the use of 
differentiated materials and structured inquiry discussions to provide gradual cognitive scaffolding (Maulida 
et al., 2024; Kitami Y & Yamuchi LA, 2022). Studies also report that collaboration and flexible thinking 
are still developing (Nahar et al., 2022; Bayley, 2024), which underpins the adoption of interactive and 
cooperative models such as Quantum Teaching (Nahar et al., 2022) and cross-disciplinary project-based 
learning (Cruz, 2021). In addition, since motivation and persistence influence the activation of higher-level 
reasoning at this stage, gamified STEM practices are employed to strengthen engagement while training 
critical and problem-solving skills (Asigigan & Samur, 2021). Therefore, these studies demonstrate that 
HOTS strategies are developmentally aligned responses to identified cognitive profiles rather than arbitrary 
pedagogical choices.
On the other hand, the implementation of HOTS in lower-grade elementary school students must strike 
a balance between the concrete stage of cognitive development and the requirement to foster HOTS skills. 
Students at this age have the initial capital of curiosity, flexibility of thinking, and simple logical abilities, 
but still require intensive guidance. Therefore, concrete, contextual, visual, interactive, and dialogic learning 
strategies are the most appropriate ways to develop HOTS in lower grades. Hence, with consistent support 
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from teachers and the selection of relevant media, students can be guided to hone their critical, creative, and 
reflective thinking potential in accordance with their developmental capacities.
The results of the study indicate that lower-grade elementary school students are still in the concrete 
cognitive development stage, making it easier for them to understand material through real experiences, 
visual media, and contextual stories. Moreover, they possess abstract thinking, including curiosity and simple 
logical reasoning. Meanwhile, the application of HOTS in this age group can be successful if supported by 
strategies that are appropriate for their stage of development. Approaches such as the use of wayang beber 
media, picture books, and active and collaborative learning models such as Quantum Teaching have been 
proven effective in encouraging HOTS skills. Based on the findings, this study contributes to explaining 
the relationship between students’ cognitive development and the effective implementation of HOTS 
strategies in lower grades. In addition, this SLR enriches the literature by presenting concrete, contextual, 
and dialogic learning approaches that are particularly relevant to early childhood education. Thus, the results 
provide an overview for teachers and policymakers in designing realistic learning strategies that support child 
development. However, this research still has limitations, such as the absence of quantitative analysis and 
a detailed examination of HOTS measurement tools suitable for lower-grade elementary school students. 
Therefore, further research is recommended to develop valid and reliable HOTS assessment instruments 
for lower-grade students, as well as experimental studies in various educational contexts are necessary to 
comprehensively test the effectiveness of these strategies.
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