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Abstract: High school teachers are mentors and facilitators that must be concerned about their students' formal thinking abilities. 
Students may not take a conservation task seriously because they perform operations without consulting. This necessitates 
modifying the learning process to increase student motivation. Therefore, this study aimed to examine students' mathematical 
spatial literacy through project-based blended learning with the cognitive conflict strategy. The study sample comprised 129 
students, including 66 and 63 in the experimental and control classes, respectively, divided into the low, medium, and high levels. 
The findings showed that the experimental class students using project-based blended learning with the cognitive conflict strategy 
had higher mathematical spatial literacy than those in the control class using problem-based learning. Project-based blended 
learning with the cognitive conflict strategy and problem-based learning students at the high and moderate levels differed in their 
ability to increase their mathematical spatial literacy. However, low-level students are comparable in their ability to increase their 
mathematical spatial literacy. 
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Introduction 

The Coronavirus disease (COVID-19) pandemic has tremendously impacted many human life aspects, particularly 
education. According to the Ministry of Education, Culture, Research, and Technology, implementing Limited Face-to-
Face Learning is dynamic. It could be implemented while adjusting to Micro-Community Activity Restrictions in each 
region. The Limited Face-to-Face Learning was implemented based on a Joint Statement of Four Ministers and the 
instructions of the Minister of Home Affairs Number 14 of 2021. This is according to Jumeri, the Director-General of 
Early Childhood Education, Primary and Secondary Education under The Ministry of Education and Culture, during a 
virtual education talk show on Thursday, June 24, 2021. Its implementation could occur in a district or city that is 
declared an orange zone and meets specific criteria.  

This policy restricts the days students attend school and their number in each class. For instance, students are only 
permitted to learn at school three times per week and study online on the remaining days. For health protocol 
implementation, only half the total number of students in each class are permitted to join Limited Face-to-Face 
Learning. As a result, principals and teachers seek appropriate and effective alternative teaching and learning methods, 
such as implementing a blended learning model. The model could be used with various methods and strategies relevant 
to the current situation (Saputri et al., 2021). According to Charman (as cited in Arifin & Abduh, 2021), blended 
learning mixes face-to-face education with online materials such as text, photos, diagrams, sound, and videos accessed 
by teachers and students over the internet. These findings support Bath and Brouke (2007) and Stein and Graham 
(2014) that the model combines online and face-to-face instruction, making it effective, efficient, and flexible to meet 
the learners’ needs. Also, Bath and Brouke (2007) stated that blended learning is a teaching system that combines face-
to-face with technology-mediated instruction. 

Blended learning is an educator and students' collaborative effort to improve student learning experiences. Students 
enrich their learning experience and make it meaningful by experimenting with and evaluating different strategies and 
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continuously improving through technology integration. According to Sutopo (as cited in Aslamiyah et al., 2019) 
blended learning improves the quality and quantity of human interaction in the classroom. It combines technology and 
good interaction, resulting in social support, constructive feedback, and learning experiences. Furthermore, the 
approach could be implemented effectively and successfully when the educator and students collaborate in achieving 
learning objectives (Saputri et al., 2021). The inter-complementing learning components to attain the learning system's 
goals create a conducive environment for students to maximize their potential (Ramadania & Aswadi, 2020). 

Blended learning could help resolve the issue of learning environments that cannot adequately accommodate different 
student characteristics (Hapizah, 2015; Hendrik et al., 2021). Students have more flexibility in their learning time by 
participating in mixed learning. This strategy promotes them to exercise self-control and improve their learning 
abilities. In blended learning, students receive the teachers' explanation of the material and use e-learning facilities 
accessible from anywhere and at any time (Ramadania & Aswadi, 2020). The indirect learning process demonstrates 
superior qualities in student motivation, interest, and outcomes (Usman, 2019). Consequently, this strategy could be a 
suitable and effective alternative useful in the teaching and learning process. 

So, Bonk (2010) and Pares (2016) stated that the blended learning model must incorporate five important elements. 
These are live events, online content, collaboration, evaluation, and reference material. In line with this, a previous 
study found that education quality may be improved through the learning process and thought training using 
appropriate models (Diani et al., 2019; Hapizah, 2015; Maskur et al., 2020; Suastika, 2017). The term project-based 
blended learning was coined when this study combined the concepts of blended and project-based learning. Also, it 
takes place in face-to-face and online settings, necessitating a systematic approach, where cognitive conflict strategy 
helps students construct their knowledge in learning. 

In this study, project-based blended learning with the cognitive conflict strategy to increase students' mathematical 
spatial literacy important in mathematics learning. According to Ojose (2011), and Stacey and Turner (2015), spatial 
literacy is related to understanding geometric ideas that every student must have to grow their creativity. It must be 
developed from the start through school-based mathematics instruction. Furthermore, abstract mathematical objects 
and materials are difficult to understand, reducing students' learning interest (Hariyanti et al., 2021; Priatna, 2017). 

Research Purpose 

This study aimed to investigate whether project-based blended learning with the cognitive conflict strategy increases 
mathematical spatial literacy in class XI high school students. The study questions included: 

1. Is there a difference in increasing mathematical spatial literacy between the students receiving project-based 
blended learning with the cognitive conflict strategy and those receiving problem-based blended learning? 

2. Is there a difference in enhancing mathematical spatial literacy between the students receiving project-based 
blended learning with the cognitive conflict strategy and those receiving problem-based blended learning in 
terms of their initial knowledge? 

Literature Review 

 Project-based blended learning with cognitive conflict strategy combines blended and project-based learning and 
cognitive conflict strategy where students work on a specific project. It has several pedagogical advantages, especially 
science learning (Gunawan et al., 2017; Hayati et al., 2016). This model has been adopted in secondary and higher 
education settings, with some scholars believing that students at that age have reached the stage of formal thinking 
(Priatna & Sari, 2022). The theory of Piaget states that students are considered mature at the formal operation stage 
when they accept renewed use of learning models, making it easier to apply this model. 

Applying blended learning could improve the pedagogical aspects of students' learning and their abilities, resulting in 
more effective learning (Sahin, 2010). According to Sari and Priatna (2020), the six components of blended learning are 
face-to-face education, independent learning, application, tutorial, cooperation, and evaluation. As stated by Lewis, 
cited in Stein and Graham (2014), students and educators undergo three stages when engaging in blended learning. The 
first stage is independent online learning to gather initial information, while the second stage is active and experiential 
classroom learning from educators. The third stage is online learning in an environment where students participate in 
activities. 

Using a project-based learning paradigm in mathematics could be effective by deploying blended learning (Husamah, 
2015; Maryati, 2019; Wahyudi et al., 2018). This model involves students solving problems by investigating, designing, 
making decisions, and creating a product. The teacher's role is to supervise and guide the students’ activities 
(Nazarenko, 2015). 

The cognitive conflict strategy is applied in the project-based blended learning model at the beginning of learning. This 
is because some students are not ready to learn, and teachers should foster their interest and motivation by delivering 
something new, strange, contradictory, or complex (Zetriuslita et al., 2017). 
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The study aimed to increase students' mathematical spatial literacy through cognitive conflict in project-based blended 
learning contexts. Mathematical literacy is a fusion of numeracy as well as spatial and quantitative literacy. It embraces 
the concepts, methods, facts, and mathematical instruments in computations and spatial literacy. According to De Lange 
(2006), mathematical literacy could be divided into spatial literacy, numerical literacy (numeracy), and data literacy 
(quantitative). The spatial literacy aspects examined in this study were derived from De Lange's (2003) theory of 
mathematical literacy. This theory divides mathematical literacy into three dimensions, including spatial literacy. The 
other spatial literacy aspect was adopted from Maier's theory of spatial ability collaborated on in this study. 

Methodology 

Research Design  

This is a quasi-experimental study comprising the experimental and control classes. The experimental or treatment 
class consists of students using project-based blended learning with the cognitive conflict strategy. In contrast, the 
control group or comparison class comprises students not using project-based blended learning. The quasi-
experimental method was used because the independent variables used are difficult to control. The aim was to 
determine the effect of the teachers' treatment as measured by the pre-test and post-test. This logic is consistent with 
the belief that the quasi-experimental approach seeks to discover how variables are controlled to ensure that 
independent variables influence the dependent variable (Lodico et al., 2006). 

A non-equivalent control group was used to contrast the experimental and control classes in senior high schools 
(Shadish et al., 2002). Therefore, the differences in students' mathematical spatial literacy were determined using the 
following non-equivalent control group design: 

Experiment Class : O  X   O 

Control Class   : O   O    

Description: 

O: Pre-test or Post-test (Literacy Spatial Mathematics) 

X: Project-based blended learning with the cognitive conflict strategy 

 : Subjects are not grouped randomly 

Sample and Data Collection 

This study sample comprised 60 male and 69 female high school students aged 16-17 from Bandung Regency, 
Indonesia. Every student was randomly assigned to experimental (n = 66; 32 males and 34 females) or control (n = 63; 
30 males and 33 females). Furthermore, a cognitive conflict strategy was used to teach the experimental group students 
using project-based blended learning. The control group students were taught using problem-based blended learning. 
Every student had a comparable socioeconomic and educational background from upper-middle-class families living in 
cities. The students were led by two teachers with more than ten years of teaching experience. The teachers graduated 
from an Indonesian state institution with a bachelor's degree in education (S.Pd.). They were instructed to apply 
various learning models to eliminate teacher bias. 

Study Instruments  

A test was developed to assess the mathematical spatial literacy of Eleventh-grade high school students regarding 
matrix application on geometric transformations. Four mathematics education experts performed face and content 
validity on this test. The test was based on De Lange's (2003) theory of mathematical literacy that divides the literacy 
into three dimensions, including spatial literacy, and is combined with Maier's theory of spatial ability (1998). The 
theory divides spatial ability into mental dynamics and static statistics, each with several sub-indicators. First, spatial 
perception implies observing an object in vertical and horizontal positions. Second, spatial orientation is the ability to 
notice a shape under various conditions or views. Third, spatial visualization is the ability to reveal the process of 
forming or moving a geometrical arrangement. Fourth, mental rotation is the capacity to rotate a two- or three-
dimensional object exactly and accurately. Fifth, spatial relationship is the ability to understand the spatial or part of an 
object and relate it to other objects. Table 1 describes the grading rubric for Mathematical spatial literacy. 

  



2034  SARI ET AL. / Enhancing Mathematical Spatial Literacy Through Project-Based Blended Learning 
 

 

Table 1. Guidelines for Mathematical Spatial Literacy Assessment Adapted from the Quasar General Rubric 

Investigated Spatial Abilities Score 
(Formulating) (Utilizing) (Interpreting)  
Students’ Response  
 

Failure to provide the answer, 

demonstrating a lack of conceptual 

comprehension of the assigned 

problem. 

attempting to use problem-related 

information, but it is irrelevant; 

failing to indicate which element 

of the problem is appropriate; 

replicating some aspects of the 

problem without providing a 

solution. 

Ineffective response; the answer does not 

reflect the problem; it may include an image 

that completely misrepresents the problem 

situation. 0 

Demonstrating only a rudimentary 

understanding of the conceptual 

problem and mathematical 

principles. 

Attempting to use problem-

related information that is 

irrelevant; failing to identify 

essential elements, or 

exaggerating the importance of 

unimportant details. 

Providing the final result with no reason or 

explanation. 

 
1 

Demonstrating an understanding of 

some mathematical concepts and 

principles and correctly 

formulating problems 

mathematically but incomplete in 

solving problems.  

Identifying some of the key 

components of the problem. 

Providing an illustration through a model or 

recognizing facts or understanding the 

nature and relationship of the available facts 

and being capable of interpreting them but 

lacking in the argument. 

2 

Correctly formulating the problem 

mathematically and solving it 

completely. Demonstrate a nearly 

complete understanding of the 

mathematical concept. 

Utilizing relevant information; 

identifying the essential elements 

of the problem and demonstrating 

the general relationship of the 

parts; systematically solving the 

problem, and the answer is 

approximately correct. 

Providing illustrations through models, 

knowing facts, understanding the nature and 

relationship of existing facts, or interpreting 

using logical and complete arguments to 

conclude. 

3 

Correct in formulating the problem 

mathematically and solving it 

thoroughly. Demonstrating a 

thorough understanding of 

mathematical concept problems.  

Using pertinent information; 

identifying all of the critical 

components of the problem, and 

demonstrating an understanding 

of their interrelationships. 

Providing illustrations through models or 

knowing facts or the nature and relation of 

existing facts, being able to interpret with 

logical and complete arguments to conclude 

by presenting examples and counter-

examples. 

4 

Maximum = 4  Maximum = 4  Maximum = 4   

Source: QUASAR General Rubric  

Reliability of the Test 

The mathematical spatial literacy test comprised five description questions. The Cronbach’s alpha formula was used to 
meet the reliability criteria. Decision-making was done by comparing r-count and r-table. Then the question is reliable 
when r-count > r-table and unreliable when r-count ≤ r-table. Table 2 shows the reliability calculation results.  

Table 2. Reliability Mathematical Spatial Literacy Test 

r-count r-table Criteria Category 
.85 .304 Reliable Very high 

The reliability test obtained r-count = .85, meaning that the question is reliable because .85 > .304 is included in the very 
high category. The analysis showed that the mathematical spatial literacy questions met adequate characteristics for 
this study. 

Intervention in the Experimental Group 

Teachers conducted online and offline project-based blended learning with the cognitive conflict strategy. Learning 
steps are compiled and defined as project-based blended learning with the cognitive conflict strategy as shown in Table 
3: 

Table 3. The Implementation of Project-Based Blended Learning with the Cognitive Conflict Strategy in the Learning 
Process 



 European Journal of Educational Research 2035 
 

 

Online & Offline 
Model 
 

Syntax of Project-Based Blended Learning with the Cognitive Conflict Strategy 
Project-Based Learning Phase Cognitive Conflict Strategy 
1. Starting with the Essential Question  1. Exposing the initial framework  

2. Make a Project Plan  2. Presenting conceptual conflict, cognitive conflict 

orientation, and class discussion  3. Schedule Activities 

4. Monitor Students Project's assignments 
3. Promoting cognitive flexibility 

 
5. Project Result appraisal  

6. Evaluating  

Intervention in the Control Group 

In project-based blended learning with the cognitive conflict strategy, the teacher is an active facilitator, while students 
are expected to participate actively in the process. The learning is availed through a hybrid approach that combines 
online and in-person training opportunities. During the preliminary step, the teacher prayed and informed the students 
about the primary material, fundamental competencies, and learning objectives. Before delivering the topic, the teacher 
asked the students to determine their initial understanding of the subject. Groups were formed each with 5-6 students 
with low, medium, and high abilities. The groups presented the students’ preliminary knowledge to be argued before 
focusing on the material provided by the teacher during the next stage. Furthermore, the teacher presented contextual 
difficulties to students for discussion in groups. Students communicated their ideas and perspectives in written, 
spoken, or visual form, referencing appropriate mathematical terms or symbols throughout their presentations. 
Moreover, they devised a plan based on the obstacles encountered when searching for cognitive techniques. This plan 
was applied to solve the problems and conclude the answers to these challenges. The next stage was student 
presentations, with additional information provided by other students to end the discussion. Students and teachers 
discussed the themes they had learned before the teacher assigned group projects in the form of mind maps for review 
in the next meeting. 

Data Analysis 

Quantitative data were collected using preliminary mathematical competency and mathematical spatial literacy tests. 
Preliminary mathematical competency data were related to the learning process and used to categorize students' levels 
as a low, medium, and high. Moreover, mathematical spatial literacy tests were administered before and after learning 
at the two schools. The independent variables in this study were treatment or project-based blended learning with the 
cognitive conflict strategy in the experimental group and problem-based blended learning in the control group. The 
dependent variable was mathematical spatial literacy. The exam questions were created in the form of an essay based 
on various spatial literacy facets. The progress in mathematical spatial literacy could be measured by conducting 
pretest and posttests on essays. The data were analyzed using the Statistical Package for Social Science (SPSS) version 
18. The test results data were presented in a table divided into the experimental and control group sections. 

Results 

The Improvement of Mathematical Spatial Literacy Based on the Learning Model 

Table 4 reviews the N-gain mean on mathematical spatial literacy according to the learning paradigm. The category is 
divided into two types; middle and lower. Its classification is based on the N-gain score. 

Table 4. N-Gain Score of Mathematical Spatial Literacy 

Class N-gain Score Category 
Experimental .39 Middle 

Control .27 Low 

Students using the project-based blended learning with the cognitive conflict strategy improved their mathematical 
spatial literacy more than those taught using the problem-based blended learning model. This implies that the project-
based blended learning with the cognitive conflict strategy model impacts students' mathematical spatial literacy more 
than learning with the problem-based blended learning model. However, the mean improvement in students' 
mathematical spatial literacy for groups did not reach the high-achieving category. The mean values in mathematical 
spatial literacy for the experimental and control classes are intermediate and low, respectively. 

Increased mathematical spatial literacy among students increases the N-gain mean across all literacy components. The 
two learning groups achieved similar N-gain means for each mathematical literacy element, as shown in Table 5. 

Table 5. N-gain Mean on Students’ Mathematical Spatial Literacy based on Mathematical Spatial Aspects 



2036  SARI ET AL. / Enhancing Mathematical Spatial Literacy Through Project-Based Blended Learning 
 

 

Class Mathematical Spatial Literacy 
Spatial Perception Spatial Orientation Spatial Orientation Mental Rotation 

Experiment .54 .39 .32 .28 

Control .33 .17 .26 .29 

Deviation .21 .22 .06 .010 

Students' mathematical spatial literacy increased with different classifications. Table 5 shows each component's N-gain 
mean of students' mathematical spatial literacy. The students taught using the project-based blended learning with the 
cognitive conflict strategy model improved their overall proficiency more than those using the problem-based blended 
learning model. 

A test of the difference in the mean N-gain scores was conducted using a non-parametric test (Mann-Whitney U-test). 
The test aimed to prove that experimental class students' N-gain score of mathematical spatial literacy is better than 
the control class. The non-parametric test was conducted because the normality test showed that the N-gain values of 
the experimental and control classes were normally distributed. Also, the homogeneity test showed that the N-gain 
value of one class was not homogeneous. Table 6 shows the results of the nonparametric test (Mann-Whitney U test) at 
the significance level = .05. 

Table 6. Mann-Whitney U Result Differentiation for Mathematical Spatial Literacy Test 

Statistics Score Description Conclusion 
Mann-Whitney U-test 408.500 

H0 Rejected Hypothesis accepted 
Z -2.397 

Asymp. Sig. (2-tailed) .017 

Asymp. Sig. (1-tailed) .0085 

The Mann-Whitney U test results showed that the p-value or Sig. (one-tailed) is .0085 < .05, indicating a significant 
difference. The spatial thinking ability improved more in the experimental than the control class, demonstrating that 
hypothesis H0 is rejected. Therefore, the students using project-based blended learning with the cognitive conflict 
strategy learn about mathematical spatial literacy more than those using problem-based blended learning. 

The Use of Students' Initial Knowledge and Learning Models to Improve Mathematical Spatial Literacy 

The difference in literacy improvement in the experimental class and the control class was reviewed based on the 
initial knowledge of high, middle and low students obtained from the students' mathematical spatial literacy test. Table 
7 shows the average increase in mathematical spatial literacy based on initial knowledge. 

Table 7. N-Gain Score for Mathematical Spatial Literacy Depending on The Category of Initial Mathematical Knowledge 

Competencies Being Assessed Mathematical Spatial Literacy 
Learning Model Experimental Group Control Group Mean 

Initial Mathematical Knowledge Category 

High .64 .38 .26 

Middle .35 .25 .10 

Low .15 .14 .01 

The students taught using project-based blended learning with the cognitive conflict strategy improved more in the 
upper and middle categories than those using problem-based blended learning. In both learning models, students in the 
lowest category experienced a similar improvement in their N-gain score for mathematical spatial literacy. This is seen 
in the average N-gain in mathematical spatial literacy across each initial knowledge category. The results show .26, .10, 
and .01 for high, middle, and lower initial mathematical knowledge. 

Disparities in the average increase in mathematical spatial literacy were identified for students taught using project-
based blended learning with the cognitive conflict strategy and those using problem-based blended learning. There was 
a difference of .29, .49, and .20 between the upper and middle, upper and lower, and middle and lower categories of 
initial mathematical knowledge, respectively, among students receiving project-based blended learning with the 
cognitive conflict strategy. 

There was a difference of .13 and .11 between the upper and middle, as well as middle and lower categories for 
students using problem-based blended learning. This shows that the stronger students' initial mathematical 
knowledge, the better their spatial literacy. Therefore, it indicates a relationship between students’ past mathematical 
knowledge and spatial literacy. 

The difference in increasing mathematical spatial literacy in experimental and control class students based on prior 
mathematical knowledge was determined by testing the difference in the average N-gain score. The prerequisite test 
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for the normality of the two classes and the homogeneity of their categories was previously conducted on the N-gain 
score. 

The Sig value was calculated based on the normality test performed on the two classes, where sig > .05 means the N-
gain scores for the experimental and control classes are normally distributed in all categories. The N-gain score of 
students' spatial literacy in the upper and middle categories of prior mathematical knowledge comes from a 
homogeneous variant based on the homogeneity test. In contrast, the bottom group's prior mathematical knowledge 
category comes from a non-homogeneous variant. The independent sample t-test was used for the group with 
homogenous variance to determine the difference in the increase in students' mathematical spatial literacy for each 
category of prior mathematics knowledge. Additionally, a non-parametric test was used for the group whose variance 
was not homogeneous.  

The null hypothesis and its counterpart tested are H0: There is no difference in increasing mathematical spatial literacy 
between students receiving project-based blended learning with the cognitive conflict strategy and those using blended 
problem-based learning based on the initial top, middle, and bottom mathematics categories. H1: There is a difference 
in increasing mathematical spatial literacy between students receiving project-based blended learning with the 
cognitive conflict strategy and those using blended problem-based learning based on the initial top, middle, and bottom 
mathematics categories. H0 was accepted when α > .05 and rejected when α ≤ .05, with a significant level α = .05. Table 
8 summarizes the test results for the difference in the average N-gain score at the significance level α = .05. 

Table 8. t-Test Results for Differences Between Mathematical Spatial Literacy Depending on Initial Mathematical 
Knowledge and Learning Model 

Initial Mathematical 
Knowledge Learning Model N-gain Comparison t-value Sig. Conclusion 

High Experimental Group: Control Group .64: .38 3.179 .010 H0 Rejected 

Middle Experimental Group: Control Group .35: .25 2.046 .046 H0 Rejected 

Low Experimental Group: Control Group .15: .14 0.084 .936 H0 Accepted 

The data for both categories has a sig value of .010 for the upper group and .046 for the middle group. This implies that 
upper and middle group students have a sig value < .05 for the prior mathematics knowledge categories. It implies a 
significant difference in the increased mathematical spatial literacy of students receiving project-based blended 
learning with the cognitive conflict strategy with those using problem-based blended learning. Moreover, there is no 
significant difference between students using project-based blended learning with the cognitive conflict strategy and 
those using problem-based blended learning with inadequate initial mathematics knowledge. This is seen from the sig 
value obtained of .936 > .05. 

The variance of one initial mathematical knowledge category is not homogeneous. Therefore, the Tamhane test was 
used to determine spatial literacy's initial mathematical knowledge significantly different. H0 was accepted when sig > 
.05, indicating no difference in the increase in students' mathematical spatial literacy between groups (high >< middle), 
(high >< low) and (middle >< low). Conversely, H0 was rejected when sig ≤ .05, implying no differences in the increase 
in students' mathematical spatial literacy between groups (high >< middle), (high >< low) and (middle >< low). Table 9 
shows the results of the Tamhane test calculations. 

Table 9. Comparison of Mathematical Spatial Literacy Differences Between Learning Models (Tamhane Test) 

Learning Model Initial Mathematical Knowledge Category Mean Difference Sig. Conclusion 

Experimental Group >< 

Control Group 

High >< Middle .21 .010 H0 Rejected 

High ><Low .37 .000 H0 Rejected 

Middle >< Low .15 .000 H0 Rejected 

The significance for the mathematical initial upper and middle groups is .010 < .05. This indicates that the N-gain score 
of the mathematical spatial literacy ability of students in the upper group is significantly different from the middle 
group students. This happens in the mathematical initial upper and lower groups, with a significance value of .000 < 
.05. It denotes that the N-gain score of mathematical spatial literacy students in the upper group differs from the lower 
group students.  

The interaction between learning and initial mathematical knowledge in increasing spatial literacy was determined 
using two hypotheses. H0: There is no interaction between learning and prior mathematics knowledge in the upper, 
middle, and lower categories on increasing students' mathematical spatial literacy. H1: There is an interaction between 
learning and prior mathematics knowledge in the top, middle, and bottom categories towards increasing students' 
mathematical spatial literacy. 
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The hypotheses were tested by performing the normality and the homogeneity of variance tests. The normality 
calculation indicated that the data on increasing students' mathematical spatial literacy based on learning and prior 
mathematical knowledge categories are normally distributed. The variance calculation showed that the variance comes 
from a non-homogeneous population. Therefore, the non-parametric Friedman's test was used to determine the 
interaction between learning and the students' prior mathematics knowledge categories. 

Table 10 shows the results of non-parametric calculations (Friedman's two-way ANOVA test. The test improved 
mathematical spatial literacy based on prior knowledge and learning. 

Table 10. Ranks 

 Mean Rank 
Learning Process 0.383 
Initial Mathematical Knowledge 0.169 

Table 11. Friedman's Test 

N 129 
Chi-Square 88.614 
Df 1 
Asymp. Sig .000 

Table 10 displays average mathematical spatial literacy and early mathematical knowledge rankings. Spatial literacy 
shows the greatest rank after undergoing the learning process. The category factors of students' initial mathematical 
knowledge significantly influence mathematical spatial literacy. Similarly, learning factors significantly affect students' 
mathematical spatial literacy. This is seen from the Asymptotic significance value obtained at .000 < .05, indicating an 
interaction by increasing students' mathematical spatial literacy between learning and previous high, middle, and low 
mathematical knowledge. 

Discussion 

This study found that the project-based blended learning with the cognitive conflict strategy model increases students' 
mathematical spatial literacy more than problem-based learning. The hypothesis tests showed that students receiving 
project-based blended learning with the cognitive conflict strategy increased their mathematical spatial literacy more 
than those receiving problem-based blended learning. This implies that project-based blended learning with the 
cognitive conflict strategy improves mathematical spatial literacy in mathematics more than problem-based blended 
learning. However, the improvement category in the experimental class is moderate, while the average increase in the 
control class is low. In this case, the effectiveness of project-based blended learning with the cognitive conflict strategy 
could be demonstrated by meeting students’ needs to solve math problems. According to Ambarwati et al. (2015) and 
Thomas (2000), project-based blended learning with the cognitive conflict strategy motivates students to develop and 
makes their mindsets wider and comprehensive, and the ability to foster collaboration between students in applying 
knowledge and attitudes. The model develops student problem-solving skills by creating projects or products when 
building concepts.  

Project-based blended learning with the cognitive conflict strategy begins with challenging problems that students 
investigate to obtain a concept related to the material. It teaches students how to solve problems through an 
exploratory process. The teacher designs an investigative process in which students solve a problem in several stages. 
The project-based learning encourages student creativity, makes them more active, and challenges their learning. 

Project-based blended learning with the cognitive conflict strategy develops students' mathematical spatial literacy. 
This literacy is the ability to provide a logical answer based on previously collected data. Students' mathematical spatial 
literacy could be improved through project-based blended learning with the cognitive conflict strategy, though at a less 
significant rate than in previous studies. According to Almulla (2020) and Anita (2017), the approach allows students 
to discover principles, concepts, and procedures or construct knowledge based on their findings. 

Implementing the project-based blended learning with the cognitive conflict strategy allows students to participate 
actively throughout the learning process. They participate in education and learning through involvement in activity 
sheets, group and class discussions, and completion of group project assignments. According to Piaget's concept of 
activity (Shadiq, 2009), a person's cognitive development is influenced by physical and logical-mathematical activities 
and social transmission. Consequently, it is appropriate when a teacher creates a learning environment that allows 
students to participate in mentally and physically demanding activities. Individuals construct their knowledge based on 
their experiences. Therefore, project-based blended learning with the cognitive conflict strategy model increases 
student and student-teacher interaction, boosting their confidence in learning (Erdogan & Bozeman, 2015).  
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A well-managed project-based blended learning model provides a conducive pedagogical feel for students with upper 
and middle abilities in developing mathematical capabilities and affective values (Tsai et al., 2015). The learning 
approach is used because of the teacher's encouragement of group communication and direct feedback to students 
individually and in groups. Furthermore, the model minimizes knowledge gaps caused by forced or optional 
absenteeism in class. Teachers could also identify the students’ strengths and weaknesses in understanding a subject 
matter presented in project-based blended learning with the cognitive conflict strategy. Students learn at their pace and 
location using problem-based learning and mixed methods. Engaging students and teachers benefit from the cognitive 
conflict strategy with the project-based blended learning. Although students’ experience is limited compared to 
teachers, they are prepared to take on their assigned roles by learning about self-regulation. This helps achieve the 
strategic goals, especially in educational activities in this pandemic. 

Conclusion 

Project-based blended learning with the cognitive conflict strategy improves students' mathematical spatial literacy. 
Students taught using this model improve their mathematical spatial literacy more than those using the problem-based 
blended learning model. Based on the initial knowledge, there is a difference in the improvement of mathematical 
spatial literacy between students taught with the two models in the high and middle categories. This study found no 
difference in improving mathematical spatial literacy in the two learning approaches based on prior mathematical 
knowledge. The improvement in mathematical spatial literacy in the high group students taught by project-based 
blended learning with the cognitive conflict strategy and those taught by problem-based blended learning was greater 
than in the middle and lower groups. Additionally, there was no association between the learning model and students’ 
prior mathematics knowledge in the high, moderate, and poor categories. 

This study has several implications. First, the project-based blended learning with the cognitive conflict strategy model 
could be an alternative method to help high school pupils develop their spatial literacy abilities in mathematics. Second, 
the model creates a conducive pedagogical environment when managed adequately by the teacher. This particularly 
applies to students in the high and middle categories in developing mathematical abilities and affective values. Third, 
the project-based blended learning with the cognitive conflict strategy model increases student as well as student-
teacher interaction, boosting confidence in learning. 

Recommendations 

Project-based blended learning with cognitive conflict strategy could be used to assess other mathematical abilities and 
implemented by teachers of other subjects. Teachers should provide students with sufficient basic knowledge for the 
model to run smoothly. Further studies should develop other mathematical abilities required of high school students in 
line with industrial needs. Additionally, studies should develop project-based blended learning with a cognitive conflict 
strategy for learning mathematics in primary or secondary schools. 

Limitations 

This study used few samples, making the conclusion unable to describe mathematical spatial literacy in general. It did 
not conduct a more in-depth investigation because the project-based blended learning with the cognitive conflict 
strategy did not improve spatial literacy in lower category students. 
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