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Abstract 

In mathematics education, students‘ beliefs that could take many different forms like students' beliefs about mathematics 

learning mathematics teaching; and about themselves play a significant role in their learning and achievement. In particular,  

self-belief (SB) that is students‘ evaluation and judgment about themselves in learning solid geometry, which encompassing 

control belief (CB), goal orientation (GO), self-concept (SC), self-efficacy (SE), and task value (TV), is critical to their success in 

learning solid geometry. Addressing these SB dimensions can substantially improve students' learning outcomes in solid 

geometry. Innovative, student-centered instructional approaches like GIBI, especially when combined with variation theory, 

offer a potential solution for overcoming Ethiopian secondary schools‘ educational challenges by promoting active learning and 

providing varied examples to enhance engagement and achievement. However, there is a lack of research on the effectiveness of 

this combined approach in Ethiopia context. This study aims to fill this gap by investigating the effects of variation theory 

integrated GIBI on grade ten students' SB in learning solid geometry in Ethiopia. Employing a quasi-experimental with 

non-equivalent control group pretest-posttest design, 102 students from three public secondary schools in Debre Tabor city, 

Amhara region were randomly assigned into three groups: Experimental Group 1 (EG1) received GIBI with variation theory, 

Experimental Group 2 (EG2) received GIBI without variation theory, and the Control Group (CG) received traditional teaching 

methods. A SB questionnaire was used to measure students' CB, GO, SC, SE, and TV before and after the intervention. The 

results revealed significant improvements in the SB dimensions among students in EG1 compared to those in EG2 and CG. 

Specifically, EG1 students showed higher post-test scores in CB (F (2,99)=40.29, p=0.000, η²=0.449); GO (F (2,99)=3.43, 

p=0.036, η²=0.065); SC (F (2,99)=32.09, p=0.000, η²=0.393); SE (F (2,99)=24.02, p=0.000, η²=0.327); and TV (F (2,99)=5.35, 

p=0.000, η²=0.097). Tukey post hoc tests indicated that EG1 students' scores were significantly higher than those of the CG in 

CB and GO, and higher than EG2 and CG in SC, SE, and TV. These findings suggest that the integration of variation theory with 

GIBI effectively enhances students' SB in learning solid geometry, thereby addressing the educational challenges faced by 

Ethiopian students. The study recommends adopting this instructional approach more widely to improve student outcomes in 

mathematics. 
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1. Introduction 

The teaching and learning of solid geometry, which in-

volves the study of three-dimensional objects like cubes and 

spheres [1] is one of the most important branches of mathe-

matics [2]. Geometry affords students experiences that re-

semble the work of mathematicians, helps them interpret and 

systematize their intuition about the world, and allows prac-

tical connections to the real-world skills students will need in 

their future working lives [3]. Due to this, geometry has a very 

significant place in mathematics education [4]. This subject is 

fundamental for advanced fields such as engineering and 

physics but often poses difficulties for students due to its 

abstract nature and the spatial visualization skills required [5]. 

These challenges are particularly pronounced in Ethiopian 

secondary schools, where traditional teaching methods pre-

dominate [6-8], leading to low student engagement, poor 

performance in mathematics, and negative self-belief. 

Self-belief (SB), encompassing control belief, goal orien-

tation, self-concept, self-efficacy, and task value, is critical to 

students' success in learning solid geometry. Control belief is 

the confidence that effort will lead to success, and goal ori-

entation-whether mastery or performance-based-affects en-

gagement and achievement. Research indicates that empha-

sizing mastery goals and fostering a positive self-concept 

enhances students' performance in mathematics [9, 10]. 

Self-efficacy, or the belief in one's ability to succeed, is a 

strong predictor of better performance in math [11]. Addi-

tionally, the perceived task value, which reflects the im-

portance and usefulness of geometry tasks, significantly 

boosts motivation and achievement [2]. 

Addressing these dimensions of self-belief can substantially 

improve students' learning outcomes in solid geometry. Innova-

tive teaching methods that enhance SB are crucial for overcom-

ing educational challenges, particularly in Ethiopian secondary 

schools. Implementing such methods can help students build 

confidence, engage more deeply with the material, and ulti-

mately achieve better academic results. Guided Inquiry-Based 

Instruction (GIBI) has emerged as a promising approach to ad-

dress these issues. By actively engaging students through ex-

ploration and inquiry [12]. Incorporating variation theory into 

GIBI further enhances learning by providing diverse examples, 

facilitating deeper comprehension and application of abstract 

concepts [13, 14] and improving students' motivation [15]. 

Despite the potential of both GIBI and variation theory, 

there is limited empirical evidence on their combined effects 

on students' SB in learning solid geometry globally, particu-

larly in Ethiopia context. Thus, this study aims to fill this gap 

by investigating the effects of variation theory integrated 

GIBI on grade ten students' SB in learning solid geometry in 

Amhara region, Ethiopia. Besides, the findings of this study 

would have the potential to contribute significantly to educa-

tional improvement efforts and inform future instructional 

practices in Ethiopia and similar contexts globally. 

1.1. Statement of the Problem 

Ethiopia's educational system has undergone significant re-

forms over the past few decades, aimed at improving the qual-

ity of education. However, despite these efforts, challenges 

persist, particularly in the areas of mathematics [16]. Ethiopian 

students often struggle with geometry, a critical component of 

the mathematics curriculum, which has implications for their 

overall academic achievement and future career opportunities 

in STEM fields [17]. Students often have low engagement, 

poor performance, and negative self-beliefs about their math-

ematical abilities, exacerbated by limited resources and infra-

structure [18]; large class sizes and high teaching loads [7]; 

predominant lecture-based teaching methods [7, 8]; and stu-

dents' negative self-belief and motivation to learn [19-22]. 

Traditional instruction methods, which focus on rote 

learning and teacher-centered approaches, fail to foster stu-

dents' SB and motivation [6]. Innovative, student-centered 

instructional approaches like GIBI, especially when combined 

with variation theory, offer a potential solution by promoting 

active learning and providing varied examples to enhance 

engagement and achievement [14]. However, there is a lack of 

research on the effectiveness of this combined approach in 

Ethiopia. This study aims to fill this gap by investigating the 

effects of GIBI using variation theory on grade ten students' 

self-belief in learning solid geometry in Ethiopia. 

1.2. Research Objectives 

The study aimed to explore the effects of the integration of 

variation theory and GIBI on grade ten students' SB in 

learning solid geometry. Specifically, it investigated the ef-

fects of this instructional strategy on their Control Belief (CB), 

Goal Orientation (GO), Self-Concept (SC), Self-Efficacy 

(SE), and Task Value (TV). 

1.3. Research Questions 

1. Is there a significant difference in students‘ SB in 

learning solid geometry between the experimental and 

the control groups? 

2. Is there a significant difference in students‘ CB, GO, SC, 

SE, and TV in learning solid geometry between the ex-

perimental and the control groups? 

2. Literature Review 

2.1. Self-Belief and Learning Geometry 

Self-belief refers to students' evaluations and judgments 

about their ability to learn solid geometry [23]. It encom-

passes control belief, goal orientations, self-concept, 

self-efficacy, and task value, all of which are crucial for ac-
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ademic success and motivation in mathematics. 

2.1.1. Control Belief 

Control belief is students' perception that their efforts to learn 

geometry will result in positive outcomes [24, 25] said that ef-

forts should be enhanced to raise the academic self-concept of 

students, which will in turn boost their confidence in mathemat-

ics and thus improve grades. Active participation and prob-

lem-solving also foster an internal locus of control, reinforcing 

students' belief in their ability to influence learning outcomes. 

Empirical evidence supports this [9] found that students with 

high mathematics self-efficacy (as measured as beliefs of effort, 

and persistence) perform better in mathematical tests than those 

with medium or low self-efficacy. 

2.1.2. Goal Orientation 

Goal orientation refers to students' reasons for engaging in 

learning activities and includes mastery goals, performance ap-

proach, and performance-avoidance goals. Emphasizing mastery 

orientation promotes deeper engagement with solid geometry. 

Studies, such as those by [10, 26], show that mastery goals posi-

tively impact mathematics achievement and engagement. Cre-

ating a mastery-oriented classroom environment is thus essential 

for fostering students' mastery goals [27]. 

2.1.3. Self-Concept 

Mathematical self-concept is students' self-perception of 

their academic abilities in mathematics [28]. It affects stu-

dents' engagement with mathematics in the short and long 

term [29]. Lack of confidence makes the students tense during 

tests and examinations [30] and they will develop long-lasting 

negative attitudes toward mathematics [31]. Whereas, a posi-

tive self-concept influences the effort students exert in school 

tasks, thereby enhancing performance [32]. Research, in-

cluding studies by [33, 34], shows that a strong academic 

self-concept significantly predicts mathematics achievement. 

Boosting students' self-concept through positive feedback and 

a supportive learning environment is crucial [29, 35]. 

2.1.4. Self-Efficacy 

Self-efficacy is students' belief in their ability to perform 

specific tasks successfully [36]. It is a well-researched pre-

dictor of students‘ learning and achievement. Studies by [11] 

and [37] demonstrate a strong positive relationship between 

self-efficacy and geometry test scores. [38] also found sig-

nificant pathways from academic self-efficacy to math 

achievement. However, [39] found no relationship between 

prior self-efficacy and later math grades in German students. 

2.1.5. Task Value 

Task value is students' perceived intrinsic, utility, and attain-

ment value of geometry tasks [28, 40]. Studies by [2, 41] show 

that high task value correlates with better learning and achieve-

ment. Similarly [42] found that students' instrumental motivation 

significant predictor of their mathematics achievement. When 

students intrinsically value mathematics, they are more likely to 

deeply engage in mathematics activities and be more resilient in 

the face of difficulty while doing mathematics thinking [43]. To 

improve students‘ performance in geometry [30] argued that 

students should perceive mathematics as being important, and 

relevant. Positive emotions and intrinsic value derived from 

engaging, real-world applications of solid geometry motivate 

students to learn and improve their performance [44]. 

In conclusion, empirical evidence indicates that SB di-

mensions are vital for improving students' learning and 

achievement in mathematics, particularly solid geometry. To 

address Ethiopian secondary school students' learning diffi-

culties and low achievement in solid geometry, innovative 

teaching methods, like GIBI and variation theory, that foster 

these SB dimensions should be implemented. 

2.2. Guided Inquiry-Based Instruction 

Guided Inquiry-Based Instruction (GIBI) is a stu-

dent-centered approach that promotes active experimentation 

and independent problem-solving, helping students build on 

prior knowledge and engage their creativity [12, 45]. Re-

search shows that GIBI enhances various dimensions of stu-

dents‘ self-belief, such as control beliefs, goal orientation, 

self-efficacy, and task value [46-48]. 

2.3. Variation Theory and Learning Geometry 

Marton's variation learning theory postulates that mean-

ingful learning is achieved when students are exposed to 

variations in critical aspects of a concept, enabling them to 

discern key features and relationships. It helps students iden-

tify and understand essential elements of the subject matter, 

enhancing their ability to apply knowledge in novel situa-

tions. It also emphasizes exposing students to varied aspects 

of a concept, facilitating deeper understanding and abstrac-

tion [49]. In the context of solid geometry, this theory sug-

gests that by varying dimensions, orientations, and properties 

of geometric solids, students can develop a more nuanced 

understanding of spatial relationships and improve their 

problem-solving skills [13]. For instance, when students en-

gage with different versions of a geometric solid, where spe-

cific attributes like height or volume are systematically al-

tered, they are better able to focus on how these changes 

affect the overall properties of the shape.  

Teaching and learning through variation have been prac-

ticed for centuries in China. Gu and his colleagues have ex-

plored how to use and theorize teaching through variation 

―Bianshi Teaching‖ to increase student achievement in 

mathematics since the 1980s and enhances students' grasp of 

solid geometry by systematically using both conceptual and 

procedural patterns of variation to focus on critical features 

of geometric concepts [50]. Conceptual patterns involve al-

tering fundamental ideas, such as presenting different geo-
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metric solids (e.g., cubes, pyramids) to emphasize distinct 

properties like volume and surface area. The teacher pro-

vides examples of a concept by offering deliberately varied 

representations (i.e. Conceptual variation) contributing to a 

deeper understanding of a concept. The idea of Gu‘s proce-

dural variation can be summarized as the means to ‗progres-

sively unfold the mathematical activities‘, which can be 

achieved by expanding problem-solving activities to include: 

variation on the problem; different solutions to a problem, 

and one solution applied to different problems [51]. 

Studies have demonstrated that the combination of Matron‘s 

variation theory and Gu's teaching through variation enhances 

higher-order thinking, academic performance, and students' mo-

tivation [15, 52, 53]. Moreover, research shows that integrating 

variation theory with constructivist approaches like GIBI im-

proves mathematical understanding and achievement [14, 54]. 

The integration of variation theory and GIBI also posi-

tively affects students' SB. GIBI fosters active learning and 

inquiry, boosting students' self-concept and task value, while 

Variation Theory's varied examples help them appreciate the 

relevance of mathematical concepts [55]. Evidence suggests 

that this combined approach improves self-efficacy and con-

trol belief, addressing both cognitive and affective dimen-

sions of learning [46, 56]. 

From the above empirical evidence, we concluded inte-

grating GIBI with variation theory presents a promising so-

lution for Ethiopian students who are struggling with geome-

try. Despite the potential benefits, there is limited research 

on the effects of GIBI and variation theory specifically in the 

context of geometry learning. This study aims to explore 

how integrating these methods affects tenth-grade students‘ 

SB in learning solid geometry, contributing valuable insights 

to educational strategies in Ethiopia and beyond. 

3. Materials and Methods 

A quasi-experimental with a non-equivalent control group 

pretest-posttest design was utilized to examine the effects of 

variation theory integrated GIBI on grade ten students' SB 

dimensions (CB, GO, SC, SE, and TV) in learning solid 

geometry. Table 1 below shows the design of the study. 

Table 1. Research Design Layout. 

Study 

Groups 
 

Intervention 

 

EG1 Pre-Test GIBI plus Variation Theory Post-Test 

EG2 Pre-Test GIBI Post-Test 

CG Pre-Test Traditional Teaching Methods Post-Test 

Note: EG1: Experimental Group 1; EG2: Experimental Group 2; and 

CG: Control Group 

As shown in (see Table 1), EG1 was taught by GIBI using 

variation theory; EG2 was instructed by GIBI only; and the 

CG passed through traditional teaching methods. We used 

CG for compaction purposes only. All three study groups 

were pre-tested before the intervention to check their base-

line on SB in learning solid geometry. After the interventions, 

all groups were post-tested using the same questionnaire with 

some reshuffling of its items. 

A multi-stage sampling was used to select research partic-

ipants. First, using purposively sampling that took their in-

frastructures, the profile of mathematics teachers, and average 

class size into account, three public secondary schools from 

Debre Tabor city, Amhara region, Ethiopia were selected, and 

then from each school three mathematics teachers were in-

cluded as participants using purposive sampling by taking 

their educational level, and teaching experience into consid-

eration.. Finally, three grade ten classes (one from the selected 

mathematics teacher's intact classes) were randomly chosen 

and assigned as experimental and control groups. The total 

participants of the study were 102 grade ten students. Their 

distribution was: EG1 (n=31), which was taught with GIBI 

using variation theory; EG2 (n=39), which received GIBI; 

and CG (n=32), which passed through traditional teaching 

methods. 

We used the SB questionnaire to assess the students' SB in 

learning solid geometry both before and after the interven-

tion. It contains nine demographic questions and 36 items 

with a points Likert scale (1=strongly disagree, 2=disagree, 

3=undecided, 4=agree, and 5=strongly agree) that was 

adapted from previously used valid questionnaires. These 

items are grouped into five SB dimensions: five items for 

control belief; eight items for achievement goals orientations; 

seven items for mathematics self-concept; four items for 

self-efficacy, and 12 items for task value. 

The face and content validity of the questionnaire was en-

sured by advisors and two lecturers from the Begemidir Col-

lege of Teacher Education psychology department. The 

Amharic version of the questionnaire was piloted a month 

ago before the intervention with a sample of 39 (10 males 

and 29 females) grade ten students of Debre Tabor Second-

ary School who weren‘t part of the study to determine its 

reliability. The calculated Cronbach Alpha of the question-

naire was 0.925. Besides, Table 2 below shows the Cronbach 

alpha values of SB dimensions. 

Table 2. Reliability Test Result. 

SB Dimensions Cronbach Alpha 

Control Belief (CB) 0.704 

Goal Orientation (GO) 0.752 

Self-Concept (SC) 0.786 

Self-Efficacy (SE) 0.676 
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SB Dimensions Cronbach Alpha 

Task Value (TV) 0.777 

Data collection involved administering the SB question-

naire as pretests before the intervention and as posttests after 

the intervention. During the administration of the pre-test, 

104 students filled out the SB questionnaire. However, after 

the intervention, only 102 students filled out the question-

naire. The intervention lasted for four weeks, with the EG1 

receiving instruction with GIBI plus variation theory, EG2 

was taught using GIBI, while the CG passed through tradi-

tional teaching methods. 

Descriptive statistics (mean and standard deviation) were 

used to summarize the pre-test and post-test scores of stu-

dents‘ SB, CB, GO, SC, SE, and TV data, and an inferential 

statistic like ANOVA and MANOVA were used to compare 

the study groups‘ SB and its dimensions pre-test and 

post-test scores respectively. All analysis was executed using 

SPSS version 24 software. 

4. Results 

Research Question 1. Is there a significant difference in 

students‘ SB in learning solid geometry between the experi-

mental and the control groups? 

To answer this research question, we have computed 

ANOVA to check whether or not the study groups statistically 

differ in their SB before the intervention. Before executing 

ANOVA, we performed a preliminary analysis of its as-

sumptions. The results showed that all assumptions weren't 

violated. Table 3 below shows the ANOVA results. 

Table 3. ANOVA result of SBPreTS. 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1112.230 2 556.115 1.982 .143 

Within Groups 28344.530 101 280.639   

Total 29456.760 103    

Note: SBPreTS: Self-belief pre-test scores 

Based on Table 3, there was no significant difference (F (2, 101) =1.98, p=0.143) across study groups in their SB before the 

intervention. So, ANOVA was utilized to compare the study groups' mean scores in their SB posttest and answer the first re-

search question stated above. 

Table 4. ANOVA result of SBPostTS. 

 Sum of Squares df Mean Square F Sig. 

Between Groups 9422.118 2 4711.059 27.269 .000 

Within Groups 17103.343 99 172.761   

Total 26525.461 101    

Note: SBPostTS: Self-belief post-test scores 

Based on the results in Table 4, a significant difference was found (F (2,99) =27.26, p=0.000) across the study groups in their 

SBPostTS. To determine the nature of this difference, further analysis is needed. So, we executed Tukey Post Hoc tests (see 

Table 5). 
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Table 5. Post Hoc Tests for SBPostTS. 

 
(I) Study 

Groups 

(J) Study 

Groups 

Mean Difference 

(I-J) 
Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tukey HSD 

EG1 
EG2 16.001 3.163 .000 8.48 23.53 

CG 24.004 3.312 .000 16.12 31.89 

EG2 
EG1 -16.001 3.163 .000 -23.53 -8.48 

CG 8.003 3.135 .032 .54 15.46 

CG 

EG1 -24.004 3.312 .000 -31.89 -16.12 

EG2 -8.003 3.135 .032 -15.46 -.54 

 

The results in Table 5 above, a significant difference was 

found among the study groups. EG1 which taught with GIBI 

using variation theory scored high in their SB (Mean=131.13, 

SD=10.356) when compared with EG2 which received GIBI 

only (Mean=116.13, SD=15.143), and CG that passed through 

traditional teaching methods (Mean=108.13, SD=12.916) as 

shown in Table 6 below. Besides, a significant difference was 

found between EG2 and CB in favor of EG2. 

Table 6. Descriptivist statistics for SBPostTS. 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for Mean 

Lower Bound Upper Bound 

EG1 31 132.13 10.356 1.860 128.33 135.93 

EG2 39 116.13 15.143 2.425 111.22 121.04 

CG 32 108.13 12.916 2.283 103.47 112.78 

Total 102 118.48 16.206 1.605 115.30 121.66 

We have computed MANOVA to check the study groups' baseline in their SB dimensions before the intervention. We have 

also checked all its assumptions weren't violated (see Table 7). 

Table 7. MANOVA for SB Dimensions PreTS. 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 

Groups 

CBPreTS 5.080 2 2.540 .370 .692 .007 

GOPreTS 149.699 2 74.850 2.919 .059 .055 

SCPreTS 174.711 2 87.355 4.359 .051 .079 

SEPreTS 20.999 2 10.500 1.333 .268 .026 

TVPreTS 61.781 2 30.891 .938 .395 .018 

Error 

CBPreTS 693.833 101 6.870    

GOPreTS 2589.647 101 25.640    

SCPreTS 2024.126 101 20.041    
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Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 

SEPreTS 795.761 101 7.879    

TVPreTS 3325.209 101 32.923    

Total 

CBPreTS 21167.000 104     

GOPreTS 82604.000 104     

SCPreTS 42175.000 104     

SEPreTS 13291.000 104     

TVPreTS 129043.000 104     

Note: CBPreTS: CB pre-test score; GOPreTS: GO pre-test score; SCPreTS: SC pre-test score; SEPreTS: SE pre-test score; and TVPreTS: TV 

pre-test score 

As shown in Table 7. The study groups didn‘t statistically 

differ in their five SB dimensions before the intervention. 

Therefore, we executed MANOVA to compare the study 

groups‘ mean scores in their CB, GO, SC, SE, and TV. 

Research Question 2. Is there a significant difference in 

students‘ CB, GO, SC, SE, and TV in learning solid geometry 

between the experimental and the control groups? 

Table 8. MANOVA for SB Dimensions PostTS. 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 

Corrected 

Model 

CBPostTS 751.183 2 375.591 40.290 .000 .449 

GOPostTS 198.248 2 99.124 3.427 .036 .065 

SCPostTS 611.734 2 305.867 32.089 .000 .393 

SEPostTS 206.212 2 103.106 24.015 .000 .327 

TVPostTS 243.506 2 121.753 5.345 .006 .097 

Intercept 

CBPostTS 25029.569 1 25029.569 2684.921 .000 .964 

GOPostTS 81489.363 1 81489.363 2817.003 .000 .966 

SCPostTS 44934.147 1 44934.147 4714.179 .000 .979 

SEPostTS 21093.959 1 21093.959 4913.156 .000 .980 

TVPostTS 151771.322 1 151771.322 6662.655 .000 .985 

Groups 

CBPostTS 751.183 2 375.591 40.290 .000 .449 

GOPostTS 198.248 2 99.124 3.427 .036 .065 

SCPostTS 611.734 2 305.867 32.089 .000 .393 

SEPostTS 206.212 2 103.106 24.015 .000 .327 

TVPostTS 243.506 2 121.753 5.345 .006 .097 

Error 

CBPostTS 922.905 99 9.322    

GOPostTS 2863.840 99 28.928    

SCPostTS 943.639 99 9.532    

SEPostTS 425.043 99 4.293    

TVPostTS 2255.161 99 22.779    

Total CBPostTS 26553.000 102     
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Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 

GOPostTS 85229.000 102     

SCPostTS 46874.000 102     

SEPostTS 21932.000 102     

TVPostTS 155000.000 102     

Note: CBPreTS: CB post-test score; GOPreTS: GO post-test score; SCPreTS: SC post-test score; SEPreTS: SE post-test score; and TVPreTS: 

TV post-test score 

As we can see from Table 8 above, a significant difference 

was found across the study groups in their CBPostTS (F 

(2,99)=40.29, p=0.000, Partial Eta Squared (    =0.449); 

GOPostTS (F (2,99)=3.43, p=0.036,   =0.065); SCPostTS 

(F (2,99)=32.09, p=0.000,   =0.393); SEPostTS (F 

(2,99)=24.02, p=0.000,   = 0.327); and TVPostTS (F 

(2,99)=5.35, p=0.000,   = 0.097). 

Based on these findings, we have conducted Tukey post 

hoc tests to determine the nature of these differences among 

the three study groups. See Table 9 below. 

Table 9. Tukey HSD Post Hoc Tests of SB dimensions. 

Dependent 

Variable 

(I) Study 

Groups 

(J) Study 

Groups 

Mean Differ-

ence (I-J) 
Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

CBPostTS 

EG1 
EG2 5.21 .735 .000 3.46 6.96 

CG 6.49 .769 .000 4.66 8.32 

EG2 
EG1 -5.21 .735 .000 -6.96 -3.46 

CG 1.28 .728 .189 -.45 3.01 

GOPostTS 

EG1 
EG2 2.00 1.294 .274 -1.08 5.08 

CG 3.54 1.355 .028 .31 6.76 

EG2 
EG1 -2.00 1.294 .274 -5.08 1.08 

CG 1.54 1.283 .457 -1.51 4.59 

SCPostTS 

EG1 
EG2 2.87 .743 .001 1.10 4.64 

CG 6.22 .778 .000 4.37 8.07 

EG2 
EG1 -2.87 .743 .001 -4.64 -1.10 

CG 3.35 .736 .000 1.60 5.10 

SEPostTS 

EG1 
EG2 1.52 .499 .008 .33 2.71 

CG 3.60 .522 .000 2.36 4.84 

EG2 
EG1 -1.52 .499 .008 -2.71 -.33 

CG 2.08 .494 .000 .90 3.25 

TVPostTS 

EG1 
EG2 3.46 1.148 .009 .73 6.19 

CG 3.22 1.203 .023 .36 6.08 

EG2 

EG1 -3.46 1.148 .009 -6.19 -.73 

CG -.24 1.138 .975 -2.95 2.47 
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As shown in Table 9, EG1 scored high in their CBPostT and 

TVPostT when compared with EG2 and CG. Whereas, a 

significant difference wasn‘t found between EG2 and CG in 

their CBPostTS (p=0.189), and TVPostTS (p=0.975). Con-

cerning SCPostTS and SEPostTS, EG1 scored high when 

compared with EG2 and CG. Similarly, the SCPostTS and 

SEPostTS mean values of EG2 were greater than that of CG. 

Finally, a significant difference was found only between EG1 

and CG in their GOPostTS (p=0.028). 

5. Discussion 

The purpose of this was to investigate the effects of varia-

tion theory integrated Guided Inquiry-Based Instruction 

(GIBI) on grade ten student's self-belief (SB) in learning solid 

geometry in Ethiopia. Accordingly, two research questions 

were formulated. 

The first research question is about comparing the mean 

scores of the study groups in their SB posttest. The students' 

SB was the linear combination of its dimensions (i.e. control 

belief (CB), goal orientation (GO), self-concept (SC), 

self-efficacy (SE), and task value (TV)). The ANOVA result 

showed that a significant difference was found across the 

study groups in their SBPostTS at a 95% confidence interval. 

(see Table 4). Based on the Tukey Post Hoc test result indi-

cated that students in the experimental group that received 

GIBI with variation theory (EG1) showed substantial im-

provements in their SB compared to those that received GIBI 

(EG2) and that was taught by traditional teaching method 

(CG). Besides, the EG2 students' SB mean score was greater 

than that of CG students. These findings revealed that both the 

GIBI integrated with variation theory and GIBI effectively 

improved grade ten students' SB in learning solid geometry 

when compared with traditional teaching methods. However, 

the effects of GIBI integrated with variation theory were 

higher than GIBI and traditional teaching methods (see Table 

5). 

When we see the second research question, the MANOVA 

results a significant post-test scores difference was found 

across the study groups in their CB with Partial Eta Squared 

(   =0.449; GO with   =0.065; SC with   =0.393; SE with 

  = 0.327); and TV with   = 0.097 (see Table 8). These 

implied 9.7% to 44.9% variation in students‘ SB dimensions 

was attributed to the intervention. These findings highlight the 

significant effects of variation theory integrated GIBI on the 

SB dimensions of grade ten students in learning solid geom-

etry. 

Our Tukey Post Hoc Tests results indicated that EG1 stu-

dents' scores were significantly higher than those of the CG in 

CB and GO, and higher than both EG2 and CG in SC, SE, and 

TV. These findings suggest that the integration of variation 

theory with GIBI effectively enhances grade ten students' SB 

in learning solid geometry (see Table 9). Besides, EG2 stu-

dents scored high in their SC and SE when compared with CG 

students. These findings are in line with the findings of [46, 

48, 57, 58]. However, a significant difference wasn't found in 

students' CB, GO, and TV between EG2 and CG. These 

findings contradict the previous study findings that highlight 

the potential of GIBI in improving students' CB [46]; GO [47]; 

and TV [56, 59]. 

The significant differences observed in the SB dimensions 

between EG1 and the CG emphasize the effectiveness of the 

integration of variation theory and GIBI in enhancing stu-

dents' beliefs in their capabilities. Specifically, EG1 students' 

post-test scores were significantly higher in CB, SC, SE, and 

TV, indicating that this instructional approach positively 

influences students' confidence and motivation in learning 

mathematics This is in line with the findings of [15] who 

found the effect of variation theory-based strategy on students' 

attention, relevance, confidence, and satisfaction over tradi-

tional teaching method. The lack of significant difference 

between EG2 and CG in CB, GO, and TV suggests that the 

addition of variation theory to GIBI is crucial for achieving 

these improvements. 

Moreover, the significant differences in SC and SE be-

tween EG1 and both EG2 and CG further emphasize the role 

of variation theory in fostering both SC and SE among stu-

dents. These findings align with previous research indicating 

that variation theory can enhance students' engagement [60]. 

6. Conclusions 

This study demonstrates that variation theory integrated 

GIBI significantly enhances Ethiopian grade ten students' SB 

in learning solid geometry. The empirical evidence supports 

the potential of this instructional approach to address the 

persistent educational challenges in Ethiopia, particularly in 

mathematics education. By fostering students' SB, GIBI with 

variation theory can lead to improved engagement, persis-

tence, and academic achievement in solid geometry. 

The study fills a critical gap in the literature by providing 

insights into the effects of this innovative teaching method on 

students' SB in learning solid geometry in the Ethiopian 

context. The findings contribute to the global understanding 

of how GIBI with variation theory can be adapted and im-

plemented in diverse educational settings to enhance students' 

SB in learning mathematics. 

Based on the findings of this study, the following recom-

mendations were made: 

Educational institutions in Ethiopia and similar contexts 

should consider adopting GIBI with variation theory to im-

prove students' self-belief in learning solid geometry and 

other challenging subjects. 

Training programs should be developed to equip mathe-

matics teachers with the skills and knowledge required to 

effectively implement GIBI and variation theory in their 

classrooms. The essentiality of such kind of training is also 

underlined by [61]. Because it can help in creating a more 

engaging and supportive learning environment for students. 

Additional studies should be conducted to explore the 
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long-term effects of the integration of variation theory and 

GIBI on students' self-belief in various subjects and educa-

tional levels. This can provide a more comprehensive under-

standing of the benefits and potential challenges of this in-

structional approach. Besides, future studies should utilize 

mixed research design that would help the scientific commu-

nity to have a vivid understand how GIBI using variation 

theory enhanced students‘ SB dimensions.  
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