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Abstract: 

The study aimed to reveal the effect of using Gemini-supported 

inquiry-based learning on critical thinking in Geography among basic 

tenth grade students in Jordan. The study adopted a quasi-experimental 

design, targeting three classes as control and two experimental groups. The 

study subjects were (76) basic tenth-grade male students in one of the 

schools in Amman City undertaking the national curriculum of Geography 

in the first semester of the scholastic year 2024/2025. The control group 

and experimental groups were randomly assigned as the following: control 

group with (24) students studied by the conventional method, experimental 

group (1) with (26) students studied by inquiry-based learning method, and 

experimental group (2) with (26) students studied by inquiry-based 

learning supported by Gemini. To achieve the objective of the study, a test 

consisting of (70) items was developed and applied after examining its 

validity and reliability to measure critical thinking skills. Study results 

revealed that the experimental group (2) significantly outperformed the 

control and experimental group (1) (α = 0.05) in critical thinking. 
Keywords: Gemini, Generative Artificial Intelligence, Inquiry-based 

Learning, Critical Thinking. 
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" في التفكير الناقد في مبحث Gemini"بـ الاستقصاء المدعم  إلىأثر استخدام التعلم المستند 
 ي في الأردنالجغرافيا لدى طلبة الصف العاشر الأساس

*ياسر عبد العزيز أبو حميدد.   
  **د. يوسف محمود عاروري 

 
 ملخص:

كاء الدراسة إلى الكشف عن أثر استخدام التعلم القائم على الاستقصاء المدعوم بالذ تهدف
الاصطناعي التوليدي "جيميناي" على التفكير الناقد في الجغرافيا لدى طلبة الصف العاشر 

اعتمدت الدراسة على التصميم شبه التجريبي باستهداف ثلاث مجموعات الأساسي في الأردن. و 
 ( طالبًا من الصف العاشر76) منعينة الدراسة تكونت إحداها ضابطة ومجموعتين تجريبيتين. و 

الأساسي في مدرسة في مدينة عمان، ويدرسون المنهاج الوطني لمادة الجغرافيا في الفصل 
نحو . وتم توزيع مجموعات الدراسة عشوائيًا على ال2024/2025 الدراسي الأول من العام الدراسي

( 1ريبية )( طالبًا درسوا بالطريقة التقليدية، والمجموعة التج24: المجموعة الضابطة وعددها )لآتيا
( وعددها 2( طالبًا درسوا بطريقة التعلم القائم على الاستقصاء، والمجموعة التجريبية )26وعددها )

اسة الدر  سوا بالتعلم القائم على الاستقصاء المدعوم ببرنامج جيميناي. ولتحقيق هدف( طالبًا در 26)
صدقه  ( فقرة وتطبيقه بعد التحقق من70تم تطوير اختبار لقياس مهارات التفكير الناقد مكون من )

( على المجموعة الضابطة 2وثباته. وقد أظهرت نتائج الدراسة تفوق المجموعة التجريبية )
 ( في التفكير الناقد.α= 0.05( عند مستوى الدلالة )1ية )والتجريب

تفكير ء، ال: جيميناي، الذكاء الاصطناعي التوليدي، التعلم القائم على الاستقصاالكلمات المفتاحية
 .الناقد
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Introduction 

The education sector today is witnessing major developments. 

Teaching methods are changing by revolving around learner and 

collaborative work. In addition, schools utilized modern technological 

developments that have provided more diverse and richer learning 

opportunities in blended and remote learning modes (Haleem et al., 2022). 

One of these technologies is Artificial Intelligence (AI), specifically 

generative AI that produces engaging learning materials in a human like 

style. One of generative AI tools is Gemini chatbot which can be used for 

human-like chatting, searching for information and preparing diverse text-

based educational content benefiting all subjects, including geography for 

tenth basic grade students (Almelweth, 2022). With the use of such 

applications, it has become necessary to adopt mindful methods to employ 

AI tools to achieve effective learning that widens student's knowledge and 

life skills (Vincent-Lancrin & Van der Vlies, 2020). Critical thinking 

skills, on the other hand, are considered as important in learning 

geography since they affect learners’ abilities to solve problems, make 

decisions, and thus adapt to their surroundings (Alsaleh, 2020). 

Accordingly, students’ achievement and motivation can be enhanced as 

well (Alsaleh, 2020). On the other hand, inquiry-based learning approach 

is one of the powerful methodologies used in geography to enhance 

learning and develop students' critical thinking skills (Linn et al., 2018). 

Therefore, the current study came to present a pedagogical intervention 

that integrates the merits of generative AI resembled by “Gemini” with the 

merits of inquiry-based learning, then investigate its impact on tenth grade 

students’ critical thinking skills in geography, hoping that learning these 

skills becomes easier and more interesting, which positively reflected in 

students’ achievement and motivation in general. 

Study problem  
AI is rapidly transforming education; specifically, offering new routes 

for enhancing learning experiences and promoting essential skills, such as 

critical thinking (Alasadi & Baiz, 2023).  

However, in geography education, learners frequently encounter 

challenges in learning geographical content, these challenges are 

accompanied with concerns that the existing geography curricula may not 

foster critical thinking skills, because it lacks application of geographical 

knowledge and lacks suitable activities (Sandoqa & Al-Khawaldeh, 2021). 

Furthermore, it is found that geography is perceived as difficult and 
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boring, which potentially impacts learners’ engagement and, consequently, 

their critical thinking skills (Omolaf & Ize, 2022).      Indeed, this 

challenge can be magnified for basic tenth-grade learners who undergo 

growing learning competencies, and experience significant developmental 

changes that impact their learning behaviors (Arda & Doyran, 2017). 

Given these challenges in conventional geography education, 

including learners’ disengagement, limited support for critical thinking 

skills, and potential curriculum limitations, there is a certain need to 

investigate and implement innovative pedagogical framework that utilizes 

the potential of AI. Guided-inquiry learning combined with AI could 

address many of these issues, by offering personalized support and active 

learning opportunities that can lead to a better understanding of content 

(Chang et al., 2023). Therefore, this study investigates the potential of 

using inquiry-based learning supported by the "Gemini" generative AI tool 

to enhance critical thinking skills among basic tenth-grade learners in 

geography, in order to fill the prior mentioned research gap and offer 

practical insights to enhance conventional learning methods in geography. 

Study Target and Hypothesis  

The study aimed to reveal the effect of inquiry-based learning 

supported by Gemini Generative AI on critical thinking in Geography 

among basic tenth grade learners in Jordan. For statistical purposes and to 

achieve the study target, a null hypothesis is proposed as the following: 

There are no statistically significant differences at the significance level 

(α = 0.05) among the average scores of tenth grade students in Jordan in 

Critical thinking attributed to the learning method: inquiry-based 

learning supported by the generative artificial intelligence assistant 

Gemini (experimental group 2), inquiry-based learning (experimental 

group 1), and the conventional method (control group). 

Significance of Study 

It is hoped that this study will have positive effects on the theoretical 

and practical aspects as follows: 

Theoretical Significance: 

This study has significant theoretical importance by investigating an 

AI-integrated inquiry-based learning model. Whereas former research has 

explored the impact of AI on education, this study probes the impact of 

pedagogical integration between inquiry-based learning and the "Gemini" 

AI chatbot on critical thinking skills.  

Furthermore, this study proposes an innovative approach within 
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geography for secondary education by integrating Generative AI into an 

inquiry-based learning framework. This combination is distinct as it targets 

geography, where the subject undergoes limited teaching strategies in 

improving critical thinking skills (Sandoqa & Al-Khawaldeh, 2021).  

Applied Significance: 

This study is anticipated to benefit students by fostering authentic 

learning through AI-powered inquiry. Teachers will gain engaging 

pedagogical tools, while education specialists can refine teacher 

development. Furthermore, the study provides a valuable framework for 

curriculum specialists to re-envision secondary Geography education, 

integrating AI effectively. 

Study Limits and Limitations 

The study's scope is delimited by the following limits: 

 Spatial: A private school in Amman, Jordan. 

 Temporal: The first semester of the 2024/2025 academic year. 

 Human: Male students aged 15-16 enrolled in the tenth grade. 

 Objective: The study is limited to investigating the effect of using 

Gemini-supported inquiry-based learning on critical thinking in 

geography among tenth basic grade students in Jordan. 

This study is subject to several limitations. The sample comprises 

male basic tenth-grade students from a single secondary school, limiting 

the generalizability of findings to other subjects, educational settings, and 

age groups. The convenience sampling method further restricts the 

generalizability of results to a wider population.  

Moreover, the validity and reliability of this study's findings are contingent 

upon the psychometric soundness of the research instrument and the 

participants' provision of objective and unbiased responses. 

Operational Definitions 

 Geography: refers to one of the national curriculum subjects which is 

taught in schools affiliated with the Ministry of Education for tenth 

grade in Jordan, specifically the three study units of the first semester 

of scholastic year 2024/2025 divided into about twelve sessions 

throughout the study period which lasts for three months. 

 Gemini: refers to Googles generative AI chatbot that is used by 

students by asking it for guidance in each stage of inquiry-based 

learning activities (Ruiz & Fusco, 2024). Its operational definition is 

the web-based or mobile application that basic tenth-grade students use 

in the assigned learning activities in geography to be asked either by 
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voice or chat about tasks in various stages to assist in learning. 

 Gemini-Supported Inquiry Learning: refers to learners’ 

collaborative activity in using Gemini to investigate authentic problem 

raised by the teacher in terms of proposing hypothesis, planning to 

verify the hypothesis, collecting data, providing evidence-based 

justifications for the finding, documenting actions, and discussing 

findings (Linn et al., 2018). Its operational definition is the basic tenth-

grade students' mindful actions based on defined stages to accomplish 

learning tasks collaboratively in geography using Gemini Generative 

AI as a mentor.   

 Critical Thinking: refers to students’ cognitive skills to understand 

and evaluate an issue and make proper related decision (Heard et al., 

2020). Its operational definition is the basic tenth-grade students' 

ability to carefully examine the problems and issues that the student is 

exposed to in the subject of Geography that are measured by the 

students’ performance on the critical thinking test designed for this 

purpose. 

Theoretical Framework 

AI has the potential to enhance educational practices. For example, it 

can help create new and inspiring learning materials, understand text, and 

generate various teaching resources such as texts, visuals, videos, and 

interactive exercises (Svoboda, 2024). However, it is crucial to use AI in a 

way that develops students' advanced skills, such as creativity and critical 

thinking, to prepare them for the digital era (Vincent-Lancrin & Van der 

Vlies, 2020). 

Gemini is a Generative AI Chatbot that can generate human-like 

responses and perform a wide range of language-related tasks (Perera, 

2023). It can perform simple tasks like describing images or more complex 

tasks like mathematical reasoning (Pichai & Hassabis, 2023). 

Despite the potential benefits of AI in education, its adoption has been 

slow, particularly in education practices, even though it can noticeably 

enhance teaching by making it more efficient and developing needed skills 

for the digital era (Bughin et al., 2017). Furthermore, in school context, AI 

applications can create engaging and effective learning experiences in 

Geography, leading to significant improvements in learners' higher-order 

thinking skills and overall academic progress (Almelweth, 2022). 

Indeed, inquiry is a fundamental 21st-century life skill for learners; its 

effect exceeds developing cognitive abilities to enhance affective and 
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motor skills as well (Andrini, 2016).  

On the other hand, critical thinking involves using various strategies 

to analyze information, understand hypothetical situations, and form wise 

opinions based on evidence (Lombardi et al., 2022). Integrating critical 

thinking into curriculum and teaching practices is essential for learners at 

all levels to develop their cognitive abilities (Alsaleh, 2020). Besides, AI 

has also showed its ability to facilitate the development of critical thinking 

skills (Vincent-Lancrin & Van der Vlies, 2020). 

There is a need to introduce subject matter in geography differently to 

cope with rapid developments in the field and teaching strategies as well 

(Elayan, 2022).  On the other hand, basic tenth-grade learners undergo 

significant physical, psychological, and social changes that affect their 

behavior and attitudes as it is noticed that they become more reluctant to 

learn compared with young learners (Arda & Doyran, 2017). However, 

they generally tend to develop positive attitudes towards the role of AI 

technology as a learning tool (Elverici, 2021; Kim & Lee, 2020).     

The current study relied on an educational program that uses inquiry-

based learning supported by generative AI, specifically the Gemini AI 

tool. The theoretical framework of the program is built upon the principles 

of experiential learning, and social constructivism. The program draws on 

Kolb's model of experiential learning, which emphasizes learning through 

experiencing and reflection. This model involves four stages: concrete 

experience, reflective observation, abstract conceptualization, and active 

experimentation (Bergsteiner et al., 2010). These stages align with inquiry-

based learning, where learners engage in practical activities, reflect on 

their observations, develop theories, and apply their understanding to new 

situations (Wijnen-Meijer et al., 2022). 

The Social Constructivist approach emphasizes that knowledge is 

actively constructed through dialogue and shared experiences, rather than 

passively received (Bell et al., 2010). The program seeks to create a 

collaborative environment where learners can support each other's learning 

(Meulenbroeks et al., 2024). 

On the other hand, inquiry-based learning makes learners actively 

construct knowledge by following methods similar to the scientific method 

(Pedaste et al., 2015). The program uses guided inquiry, where the teacher 

provides guidance and support while encouraging learners to explore and 

ask questions (Nisa et al., 2018). This method encourages critical and 

creative thinking, develops problem-solving skills, and fosters a spirit of 

exploration (Margunayasa et al., 2019). Moreover, the program integrates 
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Gemini generative AI tool to enhance the inquiry-based learning process 

as it can offer personalized teaching, support learning, facilitate 

collaborative activities, and assist teachers (Baidoo-Anu & Ansah, 2023).  

Literature Review  

Almelweth (2022) investigated the effect of using AI applications in 

geography on higher-order thinking skills and academic achievement for 

secondary school students. The study employed a quasi-experimental 

method targeting female students and comparing a control group with an 

experimental group using AI-powered teaching tools. The findings showed 

that the experimental group demonstrated significant enhancements in 

thinking skills and achievement in geography. The study confirmed the 

effectiveness of integrating AI into the curriculum and recommends wider 

adoption of such applications in geography education. 

Putra and Masruri (2019) examined the effect of the inquiry approach 

on geography learning outcomes for senior high school students. The study 

adopted experimental design by comparing an inquiry-based learning 

approach with the conventional method. The study results reveal that the 

inquiry approach had a significant effect on enhancing critical thinking and 

problem-solving skills, students’ comprehension, and engagement.  

Yi-Ming Kao et al. (2025) explored how inquiry learning design of 

role-playing with e-books can promote critical thinking among 

undergraduate and graduate students. The study adopted a quasi-

experimental design. It highlighted the potential of integrating inquiry-

based learning design in learning activities with e-books to foster critical 

thinking. 

Essien et al. (2024) examined the impact of ChatGPT text generating 

on critical thinking skills among postgraduate students in UK. It adopted a 

quasi-experimental design. Study results revealed that AI enhanced 

learners’ lower-level cognitive skills and enabled diversity of viewpoints 

and enhanced analysis competency. 

Huang and Qiao (2024) explored integrating AI based curricula with 

the STEAM subjects in improving computational thinking skills in high 

school students. They applied and tested the effect of a multidisciplinary 

AI curriculum based on STEAM. The findings revealed enhancement in 

computational thinking, motivation, and self-efficacy among targeted 

students.  

Liang and Wu (2024) investigated the effect of using ChatGPT on 

critical thinking skills of university students English as a foreign language. 
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Results of quantitative tests showed no significant enhancement on 

students’ skills, however, analyzing student journals stated that they 

conceived positive effect of ChatGPT on their critical thinking and spatial 

awareness. The findings introduced insights into considering the way AI is 

employed to utilize its effect on learners’ critical thinking. 

The introduced studies generally aimed at exploring critical thinking, 

inquiry-based learning, and utilizing AI in education context. The studies 

adopted semi-experimental approaches similarly to the current study. 

While the studies targeted diverse study subjects and levels, their scope is 

focused on education settings similarly to the scope of focus of the current 

study. Results of these studies indicated a positive impact of inquiry-based 

learning and AI on learners critical thinking skills. However, there was a 

lack of research specifically examining the use of AI-powered inquiry-

based learning in teaching geography to tenth graders in Jordan. 

Furthermore, research on the intersection of geography and AI for this 

particular age group is limited. 

Method and Procedures 

Study Methodology 

The study adopted the Quasi-Experimental Design by targeting three 

classes to be assigned randomly into a control and two experimental 

groups since it is practically difficult to randomly select participants and 

assign them into test groups (Fraenkel & Wallen, 2006). 

Study Participants 

The study targeted (76) basic tenth-grade male students in AL-hikmeh 

private boys’ school in Amman-Jordan, divided into three groups of 

similar ages between 15 and 16 years. After obtaining approval of the 

school principal and coordinating with a teacher who liked to cooperate, 

participants were targeted as a convenience sample (Fraenkel & Wallen, 

2006). The Control and experimental groups were randomly assigned as 

follows: control group of (24) students taught by conventional method, 

experimental group (1)  of (26) students taught by inquiry-based method, 

and experimental group (2)  of (26) students taught by Gemini-supported 

inquiry learning.  

Study Procedure 

The learning content of units two to four of the geography textbook 

was analyzed into facts, concepts, generalizations and principles, and 

skills. A semester plan of sixteen weeks was prepared for a total of sixteen 

sessions, each session lasts thirty-five minutes. A detailed lesson plan is 
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prepared for each session including teacher and learner roles based on the 

proposed study program. Moreover, rubrics are prepared to be used by the 

teacher and learners to guide the inquiry learning activities and using 

Gemini. Furthermore, a student guide is designed for using Gemini.  

The study program introduced Gemini to be used as an assistant for 

students in experimental group (2). At the beginning of the inquiry task, 

students used Gemini in suggesting inquiry hypothesis by providing it with 

the necessary context and details. It is used to plan the inquiry mission and 

evaluate alternatives helping students to make the best choice. Then they 

use it to suggest feasible data collection methods that suit students’ 

conditions and help in verifying the hypothesis. In addition, students use it 

to suggest tables to organize collected data in a meaningful way. Later, it 

was used in data analysis as students used it to compare and uncover 

relations and patterns.  Finally, it was used to gain insights and to report 

the whole inquiry task. 

Validity of Intervention Program and Student Guide  

In order to verify content validity of the study program and guide, 

they were presented to (12) expert reviewers who hold doctoral degrees in 

the fields of educational technology, measurement and evaluation, 

curricula, and psychology.  

Amendments were made based on what were agreed upon by 

approximately (80%) of the reviewers, as they provided feedback about 

structuring the content, making the guide mobile-friendly, and correcting 

linguistic formulation of some sentences. Accordingly, modifications were 

made to finally arrive at the design and guide in their final form.  

Study Instrument 

Critical Thinking Test 

A test was developed after reviewing related literature to measure 

general critical thinking skills (Leach et al., 2020) in general global 

environmental issues, within several dimensions including (Elder & Paul, 

2019): Purpose, Perspective, Questioning, Information, Inferences and 

interpretations, Concepts, Assumptions, Implications and consequences, 

Abstract Symbols. The question format is based on introducing the learner 

to a scenario explaining a certain context then asking a multiple-choice 

question to be answered based on learner’s understanding. The final 

versions of the test consisted of thirty-four scenarios with seventy 

questions.  
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Validity of Critical Thinking Test 

To verify the content validity of the critical thinking test, it was 

presented to (12) expert reviewers. These reviewers hold doctoral degrees 

in fields such as educational technology, psychology, measurement and 

evaluation, and general curriculum. Modifications were made to the test 

based on what were agreed upon by approximately (80%) of the reviewers, 

as an example, the test duration has been modified, and the answer items 

have been shortened based on reviewers’ feedback.  

The construct validity of the critical thinking test was also examined 

by applying it to a pilot sample outside the main study sample, consisting 

of (58) students from tenth grade. Then, the correlation coefficient 

between each dimension of the test and the overall test score was 

calculated. The results are shown in Table (1):   
Table (1) Correlation Coefficients between Dimensions of the Critical 

Thinking Test and the Total Test Score. 

Dimension Correlation Coefficient 

Purpose .764** 

Perspective .783** 

Questioning .831** 

Information .892** 

Inferences and interpretations .891** 

Concepts .763** 

Assumptions .824** 

Implications and consequences .878** 

Abstract Symbols .753** 

** Correlation is significant at the 0.01 level (2-tailed). 

Table (1) shows the correlation coefficient for each dimension of the 

critical thinking test with the total test score. The table indicates that the 

correlation values range between (0.753- 0.892), which are high and 

statistically significant values and acceptable for the purpose of the study 

(Taherdoost, 2016). 

Furthermore, the correlation coefficient between each item of the test 

with its respective dimension score and the total test score was calculated 

using SPSS, and the results are shown in Table: (2). 
Table (2) Correlation Coefficient between Critical Thinking Test Items, 

Their Respective Dimensions, and the Total Test Score. 

Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

1 .332* .589** 25 .668** .756** 49 .392** .473** 
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Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

Item 
Correlation 

with Total 

Correlation 

with 

Dimension 

2 .380** .459** 26 .533** .620** 50 .621** .822** 

3 .505** .609** 27 .391** .392** 51 .650** .857** 

4 .508** .718** 28 .593** .652** 52 .604** .645** 

5 .416** .613** 29 .488** .570** 53 .613** .712** 

6 .264* .441** 30 .583** .620** 54 .596** .815** 

7 .499** .526** 31 .454** .608** 55 .578** .577** 

8 .486** .481** 32 .581** .590** 56 .386** .489** 

9 .488** .627** 33 .555** .628** 57 .577** .693** 

10 .517** .449** 34 .670** .708** 58 .596** .722** 

11 .472** .479** 35 .536** .592** 59 .564** .654** 

12 .420** .718** 36 .617** .631** 60 .590** .681** 

13 .492** .465** 37 .629** .733** 61 .584** .506** 

14 .321* .441** 38 .497** .499** 62 .296* .430** 

15 .461** .722** 39 .659** .804** 63 .504** .648** 

16 .426** .705** 40 .665** .817** 64 .464** .431** 

17 .723** .758** 41 .349** .556** 65 .616** .884** 

18 .510** .513** 42 .581** .855** 66 .400** .574** 

19 .756** .731** 43 .531** .640** 67 .636** .914** 

20 .502** .695** 44 .506** .813** 68 .558** .867** 

21 .363** .603** 45 .492** .800** 69 .537** .679** 

22 .523** .665** 46 .472** .478** 70 .643** .568** 

23 .362** .518** 47 .432** .522** 
   

24 .567** .711** 48 .607** .545** 
   

**Correlation is significant at the 0.01 level (2-tailed). 

*Correlation is significant at the 0.05 level (2-tailed). 

Table (2) shows the correlation coefficient for each question in the 

critical thinking test, with their respective dimension score, and the total 

test score. The table indicates that the correlation values range between 

(0.264 – 0. 884) which were all statistically significant values and are 

acceptable for the purpose of this study considering each dimension has 

(8) items (Weir, 2005).  

The construct validity of the critical thinking test was also examined 

by calculating the difficulty and discrimination coefficients for each test 

item. The results were displayed in table (3): 
Table (3) Difficulty and Discrimination Coefficients for Critical Thinking 

Test Items. 
Item (P)* (D)** Item (P)* (D)** Item (P)* (D)** 

Q1 0.4 0.31 Q24 0.38 0.55 Q47 0.55 0.41 

Q2 0.64 0.36 Q25 0.55 0.65 Q48 0.48 0.59 
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Item (P)* (D)** Item (P)* (D)** Item (P)* (D)** 

Q3 0.57 0.48 Q26 0.62 0.51 Q49 0.19 0.37 

Q4 0.48 0.49 Q27 0.55 0.37 Q50 0.6 0.6 

Q5 0.43 0.39 Q28 0.57 0.57 Q51 0.57 0.63 

Q6 0.69 0.24 Q29 0.48 0.47 Q52 0.59 0.59 

Q7 0.5 0.48 Q30 0.6 0.56 Q53 0.5 0.59 

Q8 0.33 0.47 Q31 0.5 0.43 Q54 0.55 0.58 

Q9 0.6 0.47 Q32 0.47 0.56 Q55 0.53 0.56 

Q10 0.36 0.5 Q33 0.6 0.54 Q56 0.64 0.36 

Q11 0.5 0.45 Q34 0.55 0.65 Q57 0.48 0.56 

Q12 0.71 0.4 Q35 0.66 0.52 Q58 0.5 0.58 

Q13 0.69 0.47 Q36 0.55 0.6 Q59 0.57 0.54 

Q14 0.53 0.3 Q37 0.57 0.61 Q60 0.55 0.57 

Q15 0.67 0.44 Q38 0.36 0.48 Q61 0.57 0.56 

Q16 0.67 0.4 Q39 0.52 0.64 Q62 0.24 0.27 

Q17 0.52 0.71 Q40 0.52 0.65 Q63 0.52 0.48 

Q18 0.52 0.49 Q41 0.43 0.32 Q64 0.57 0.44 

Q19 0.52 0.74 Q42 0.6 0.56 Q65 0.53 0.6 

Q20 0.43 0.48 Q43 0.57 0.51 Q66 0.64 0.38 

Q21 0.4 0.34 Q44 0.6 0.48 Q67 0.52 0.62 

Q22 0.31 0.5 Q45 0.6 0.47 Q68 0.52 0.54 

Q23 0.31 0.34 Q46 0.64 0.45 Q69 0.5 0.52 

      
Q70 0.31 0.63 

* (P): Difficulty Coefficient. 

** (D): Discrimination Coefficient.  

Table (3) shows that the difficulty coefficient ranged between (0.19 - 

0.71), and the discrimination coefficient ranged between (0.24 - 0.74), 

which are all acceptable values for items discrimination and difficulty for a 

test (Westen & Rosenthal, 2003).  

Reliability 

Reliability was verified by applying the test to a pilot sample of (58) 

students from tenth grade, who were outside of the main study sample. 

Then the internal consistency of responses of the test was calculated using 

Cronbach's alpha formula, which is equivalent to Kuder-Richardson 

formula, and the split-half method. The results were displayed in Table 

(4): 
Table (4) Reliability Coefficients using Cronbach's Alpha (Internal 

Consistency) and the Split-Half Method for the Critical Thinking Test and 

its Dimensions. 

Field Cronbach's Alpha Split-half Reliability 

Purpose 0.681 0.765 

Perspective 0.708 0.853 
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Field Cronbach's Alpha Split-half Reliability 

Questioning 0.804 0.846 

Information 0.747 0.84 

Inferences and interpretations 0.832 0.823 

Concepts 0.806 0.845 

Assumptions 0.832 0.875 

Implications and consequences 0.744 0.729 

Abstract Symbols 0.845 0.878 

Overall 0.961 0.926 

The results from Table (4) showes that Cronbach’s alpha coefficients 

for the critical thinking test dimensions ranged between (0.681- 0.845) and 

for the whole test, it was (0.961). The split-half reliability for the critical 

thinking test dimensions ranged between (0.729- 0.878) and for the whole 

test, it was (0.926). All those values were acceptable for reliability and fits 

the needs of the study (Ekolu & Quainoo, 2019) 

Study Variables: 

1. Independent Variable: Learning Method (Conventional Method, 

Inquiry-based Method, Gemini-Supported Inquiry Learning Method). 

2. Dependent Variable: Critical Thinking. 

Research Design: 

Three classes were assigned randomly into a control group, and two 

experimental groups by a quasi-experimental design (Fraenkel & Wallen, 

2006) as follows:  

Con G: O1 × O1  

Exp G (1): O1 > O1  

Exp G (2): O1 >> O1  

Where: 

(Con G): Control Group 

(Exp G (1)): Experimental Group One.  

(Exp G (2)): Experimental Group Two. 

(O1): Critical Thinking Test.  

(×): Learning by Conventional Method. 

(>): Learning by inquiry-based learning. 

(>>): Learning by inquiry-based learning supported by Gemini. 

Statistical Analysis Used: 

To answer the study questions, the following statistical methods were 

applied: 

 Means and standard deviations: to make the necessary comparisons. 
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 (ANCOVA) Analysis of Associated Variance: to find the 

significance of differences in scores. 

 Eta Square: to determine the size of the effect of the learning method 

used in developing critical thinking. 

Study Results 

To investigate the research question, "Is there statistically 

significant difference at significance level (α= 0.05) among the mean 

scores of the control group (taught conventionally), experimental 

group (1) (taught by inquiry-based learning), and experimental group 

(2) (taught by Gemini-supported inquiry-based learning) due to 

critical thinking?", the study calculated the means and standard 

deviations of student scores on pre- and post-achievement tests of critical 

thinking skills. These calculations were conducted for each group based on 

the learning method employed (conventional, inquiry-based learning, and 

Gemini-supported inquiry-based learning). The results of these analyses 

were presented in Table (5): 
Table (5) Means (x̄) and standard deviations (SD) of the study individuals' 

responses to the pre- and post-critical thinking skills test according to the 

study variable: learning method. 

 
Pre Post 

Group (x̄) (SD) (x̄) (SD) 

Control 30.3750 12.52064 32.4167 12.8365 

Experimental 1 30.7692 11.83320 39.3077 14.2682 

Experimental 2 33.3077 13.32597 45.0769 14.0026 

Total 31.5132 12.47664 39.1053 14.5066 

Table (5) showes the means and standard deviations of the study 

individuals' responses to the pre- and post-critical thinking test according 

to the study variable: learning method. The table showes apparent 

differences among the means; The mean of the experimental group (2) that 

taught by Gemini-supported inquiry-based learning on the post-test is 

(45.07) with a standard deviation of (14.00), which is higher than the 

arithmetic means of the experimental group (1) taught by inquiry-based 

learning, and control group taught conventionally, where the mean of the 

experimental group (1) is (39.30) with a standard deviation of (14.27), 

while it is (32.42) with a standard deviation of (12.84) in the control group. 

To determine whether the differences among the averages were 

statistically significant at the significance level (α = 0.05), the analysis of 

covariance (ANCOVA) is applied, and the results of the analysis of 

covariance were as shown in Table (6): 
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Table (6) Analysis of Covariance (ANCOVA) to determine the significance of 

differences in the pre- and post-test scores of students in Critical Thinking. 

Source 

Sum of 

Squares 

(SS) 

Degrees of 

Freedom 

(df) 

Mean 

Squares 

(MS) 

F 

Value 
Sig.* 

Eta 

Squared 

(η2) 

Group (Adjusted) 1534.8 2 767.407 5.288 .007** .128 

Pre-Intervention 

Critical Thinking 

(Adjusted) 

3333.095 1 3333.095 22.97 .000** .242 

Error (Adjusted) 10448.123 72 145.113 
   

Total (Adjusted) 15783.158 75 
    

* Significance (p-value) 

** Statistical significance at the level of (α=0.05) 

Table (6) demonstrates a statistically significant difference at the α = 

0.05 level between the mean pre- and post-test critical thinking scores of 

students, according to the group variable (experimental (1), experimental 

(2) and control). The F-value was calculated to be (5.288) with a 

significance level of .007. To determine the effect size, eta-squared is 

computed and found to be (0.128), indicating that (12.8 %) of the variance 

in critical thinking scores can be attributed to the group variable, while the 

remaining variance is due to other uncontrolled factors. To determine in 

favor of which group the difference in pre- and post-test critical thinking 

scores occurred, adjusted post-test means are calculated, as shown in Table 

(7): 
Table (7) Adjusted Post-Test Mean Scores and Standard Errors of Critical 

Thinking for Students in Geography. 

Test Group Adjusted Mean Score Standard Error 

Critical 

Thinking 

Experimental 2 44.420 2.364 

Experimental 1 39.707 2.371 

Control 33.028 2.462 

Table (7) indicates that the adjusted mean score for students on 

critical thinking is (44.42) for the experimental group (2), which is higher 

than the mean score of (39.70) for the experimental group (1) and the 

mean score of (33.02) for the control group. This suggests that the second 

experimental group, which utilized Gemini-supported inquiry-based 

learning, outperformed the other groups. These results demonstrated the 

potential of using Gemini-supported inquiry-based learning to enhance 

critical thinking skills.  

Discussion of Results 

The findings of this study, which examined the impact of using 
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Gemini-supported inquiry-based learning on enhancing critical thinking of 

basic tenth-grade students in Geography in Jordan, revealed that students 

who utilized Gemini-supported inquiry-based learning exhibited a 

significant increase in their critical thinking levels. 

This may be attributed to the fact that these learners, because of the 

use of Gemini generative AI, have utilized the advantage of obtaining 

personalized assistance at the right time and place when needed and 

obtaining information in a simple and understandable dialogue style that is 

similar to a dialogue with an expert in order to obtain advice (Chun An, 

2024). Since claiming information that serves the inquiry process requires 

skills in asking questions to the AI chatbot this has stimulated students' 

thinking and encouraged them to keep attempting in order to improve the 

quality of questions they ask to obtain better results from AI, which has led 

to the development of their critical thinking (Almelweth, 2022) by 

improving the ability to ask clearer and more belonging questions, 

evaluate alternatives, examine information in terms of its accuracy, 

association, and sufficiency, change perspective, and think about the 

consequences (Elder & Paul, 2019).  

At the same time, working in the context of the inquiry-based activity 

has increased improvement as learner works actively and independently 

learning activity. Consequently, learner sets goals to achieve in 

cooperation with colleagues in a realistic context, and the role of AI 

chatbot comes as a partner to the learner in these tasks (Linn et al., 2018). 

Accordingly, the learner's role has shifted from a passive receiver to a 

focal of the learning process by becoming responsible for performing the 

inquiry-based task (Mayes and Moon, 2013). This prompted learner to 

activate thinking to deal with the faced issues in cooperation with AI 

(Chang & Kidman, 2023). 

The findings align with several studies suggesting AI has a positive 

impact on student critical thinking skills. For instance,  Almelweth (2022) 

also found that AI applications in geography education led to significant 

improvements in higher-order thinking skills and overall geographical 

achievement in secondary school students. Similarly, the current study 

highlights how Gemini's capabilities can create engaging and effective 

learning experiences, ultimately leading to higher scores on a critical 

thinking assessment. 

The findings, also, support the effectiveness of inquiry-based 

learning, as observed by Hikmawati et al. (2020). Their research shows the 

positive impact of an inquiry-based model and emphasizes its role in 
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enhancing learning outcomes. The current study further reinforces this 

finding, suggesting that combining AI with inquiry-based learning can 

produce better results. 

It is hoped that the study adds a contribution by showcasing the 

effectiveness of Gemini-supported inquiry learning to promote critical 

thinking in geography, further reinforcing the potential of using AI to 

improve learning experience. However, the study limitations should be 

taken into consideration. 

Recommendations 

In light of the findings regarding the effectiveness of using Gemini-

supported inquiry-based learning enhancing critical thinking, 

recommendations for future research and practical application are 

introduced as the following: 

Research 

 It is recommended to compare the effectiveness of other AI tools (e.g., 

ChatGPT) with Gemini in supporting critical thinking within inquiry-

based learning in geography. 

 It is recommended to investigate the effect of Gemini-supported 

inquiry-based learning on critical thinking in different subjects and 

grades. 

Application 

 Geography teachers are recommended to integrate Gemini within 

inquiry-based learning to enhance critical thinking skills for basic tenth 

grade learners.  
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