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Abstract 

 
Statistical literacy is a primary need for primary students as to skills in interpreting statistical 

data, and analyzing and solving statistical problems in the 21st century. However, statistical literacy for 
primary students is still inadequate. Moreover, there is still a lack of treffinger learning literature on 
statistical literacy for primary students. Consequently, this study seeks to investigate the effect of 
treffinger learning on enhancing the statistical literacy of primary students. This experimental 
investigation employs a pre-and post-test control group design. The overall average N-Gain results in 
both classes indicate achievement and enhancing statistical literacy through differences in SLS on 
medium criteria (0.3 ≤ g ≤ 0.7). When conducting the Wilcoxon test, it indicates 0.000 is less than the 
significance threshold of 0.05, so there is a difference in the average of the two classes, which means 
that. The implementation of treffinger learning affects the statistical literacy of primary students. Hence, 
treffinger learning can enhance the statistical literacy of primary students. 
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1. Introduction 
Literacy in mathematics is a necessity for primary school students as a fundamental skill 

in the 21st century (Ginanjar & Widayanti, 2019; Kusumadewi et al., 2019). It is because 
literacy skills have been confirmed to guarantee students' cognitive development to a higher 
cognitive level and become the knowledge capital of primary school students to succeed at the 
next level of education (Soodla et al., 2017; Suggate et al., 2018). The Education and Culture 
Ministry of the Republic of Indonesia, to prepare human resources to face the 21st century, 
has launched a literacy movement program in primary school education (Abidin et al., 2020; 
Kemendikbud, 2021). In this century, the skills needed by primary students are not only 
reading, writing, and arithmetic. Instead, it is a skill that emphasizes understanding problems, 
communicating, and interpreting data presented as numerics, graphs, and thinking critically 
about the data read in mathematics (Bandur et al., 2022; Priyambodo & Maryati, 2019; Setiani 
& Suyitno, 2021). This skill is called statistical literacy (Kathy et al., 2022; Tiro, 2018). 

Statistical literacy is not much different from other literacy. If reading literacy focuses on 
the use of words, then statistical literacy emphasizes aspects of decision-making through 
statistical methods (Budgett & Pfannkuch, 2010). Statistical literacy permits the extraction of 
qualitative data from quantitative data and generation of new information from both qualitative 
and quantitative data. Statistical literacy also does not only rely on reading and evaluating data 
but requires an emphasis on students' cognitive skills, contextual understanding, and critical 
thinking (Jenny et al., 2018; Sharma, 2017). Statistical literacy includes basic skills, namely 
organizing data, creating tables, and completing different data representations, so it is 
important to use it in understanding information (Callingham & Watson, 2017; Gal, 2019).  

Statistical literacy requires primary students to understand and interpret the concepts 
they have learned. In this case, students must know the purpose of statistical concepts rather 

than just solving statistical problems (Gould, 2017; Masfingatin & Suprapto, 2020). Statistical 

literacy is very important for primary students in determining a conclusion based on statistical 
data analysis (Fadillah & Munandar, 2021; Gebre, 2018; Priyambodo & Maryati, 2019; 
Rohayati et al., 2020). Thus, statistical literacy can be understood as a reading, writing, 
comprehending, analyzing (basic level), and interpreting data utilizing fundamental skills, 
presenting data in tables, graphs, and statistical notation.  
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There is a research gap based on the findings of previous studies, namely between the 
statistical literacy of primary students, which is still inadequate and the need for statistical 
literacy for primary students. The achievement of stable PISA scores yearly raises the 
suspicion that statistical literacy at the primary school level is still underdeveloped (Comings, 
2017; Junika et al., 2020). In Indonesia, mathematics textbooks and curricula contain several 
materials that support statistical literacy (Senk & Thompson, 2020; Setiawan, 2021). In the 
results of other studies, students experience the inaccuracy of data analysis as part of 
statistical literacy 80%. It is because primary students do not understand the basic concepts 
of statistics (Kusumaningpuri et al., 2022; Tractenberg, 2017). Meanwhile, in the educational 
practice of primary schools, statistical literacy has not become the focus of national literacy 
(Setiawan, 2019). This low statistical literacy can be seen when reading, processing, and 
presenting data is still in the low category (Amalia et al., 2020; English, 2018). In addition, 
primary students often think that statistics is a difficult subject to learn, thus making them dislike 
mathematics (Auliya, 2019; Hedges & Harkness, 2017). Whereas primary students can need 
statistical literacy to guarantee the cognitive level of higher-order thinking, for example, 
creative thinking, critical thinking, and metacognitive (Ginanjar & Widayanti, 2019; Soodla et 
al., 2017). 

Meanwhile, a preliminary study at Tambak Rejo II State Primary School found that 
primary students had low statistical literacy, namely 82% (33 of 40 students) had a low 
understanding of basic statistical concepts. In this case, students fail to read the data, 
determine the ratio of values to the data and explore information on the data. It was also found 
that the teacher did not facilitate students in learning that were oriented towards interpreting 
statistical data in a constructivist manner and trained students in critically evaluating statistical 
data.  

Difficulties students' in understanding statistical data can be overcome by designing or 
choosing the right lesson (Huang et al., 2019; Kusumaningpuri et al., 2022). In this case, the 
teacher must provide opportunities for students to develop statistical understanding and 
encourage them to build their own mathematical knowledge through problem-solving in 
everyday life (Fadillah & Munandar, 2021; Maryati, 2021). The role of student activity 
interaction through problem-solving will affect student learning success (Aisyah et al., 2021; 
Tan, 2015). In addition, teachers can increase the intensity of providing training on statistical 
literacy questions related to everyday life (Núñez Castellar et al., 2015).  

Treffinger learning provides opportunities for students to understand problem-solving 
concepts, develop thinking skills and interpret problems, collect data, analyze, generate ideas, 
and try to solve problems (Andriatna et al., 2021). Treffinger learning has characteristics, 
namely involving: students actively in problem-solving, combining cognitive and affective 
aspects to find solutions in solving given problems, students conducting joint investigations 
with groups to strengthen their ideas, and students are able to apply their newfound knowledge 
to other everyday problems (Putu et al., 2019; Verschaffel et al., 2020). 

Thus, there is a problem of statistical literacy for primary students, which is still 
inadequate based on the previous studies. Meanwhile, the preliminary studies results at 
Tambak Rejo II State Primary School found that statistical literacy is urgently needed for 
primary students to interpret, evaluate critically, and communicate statistical messages in 
solving problems. Meanwhile, based on the treffinger learning study. Treffinger learning has 
the characteristics to be able to improve the statistical literacy characteristics of primary 
students. The questioned characteristic is the success of primary student learning activities. In 
order for students to interpret, evaluate critically, and communicate statistical problem-solving 
messages (Callingham & Watson, 2017; Kusumaningpuri et al., 2022). In addition, the 
implementation of treffinger learning so far has not focused on enhancing statistical literacy 
(Aisyah et al., 2021; Indrawati, 2019; Maulana, 2019; Ndiung, 2020; Setianingsih & Waluya, 
2019). Thus, to bridge the research gap regarding the problem of low statistical literacy and 
the need for statistical literacy for primary students, there is an urgency for research to 
implement treffinger learning in order to influence and enhance statistical literacy in primary 
students. This study aims to investigate the effect of treffinger learning on the academic 
performance and statistical literacy of primary school students. 
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2. Method 
This type of quantitative study employs an experimental method and a pretest-posttest 

control group design. Before and after learning, the statistical literacy of primary school 
students in the experimental and control groups was measured. During this time, the research 
participants included 40 students of class VI primary schools at Tambak Rejo II State Primary 
School (one of the schools in the Sidoarjo area, East Java).  

Data was collected by giving a statistical literacy test (SLT). In this study, SLT is a 
research instrument. The SLT consists of three assignment items in the form of essay 
questions, see Table 1. The SLT is based on statistical literacy indicators about reading data, 
finding the ratio between data values, and extracting information (Aoyama & Stephens, 2003). 
Meanwhile, the results of the SLT were evaluated using the criteria for scoring guidelines in 
terms of being unable, moderately able, and capable (Oktaviyanthi & Agus, 2019), see Table 
2. 

 
Table 1. SLT Instrument 

Item Question 

1 Pay attention to the information presented in the following table. 
The following table shows the scores for the Math exam results. 

Exam to- Score Exam to- Score 

1 7 6 8 

2 6 7 6 

3 4 8 5 

4 8 9 8 

5 9 10 7 

Based on the table above, choose more than one answer related to the appropriate 
statement below. 

 The 10th Math test score is 7. 

 The 4th and 8th repetitions have the same scores. 

 The 4th, 6th, and 9th tests have the same scores. 

 The 7th Math test score is 8. 

2 Pay attention to the results of collecting data on the number of marbles from 40 
children. 

25 23 28 28 29 24 26 22 22 25 
30 27 24 28 25 22 28 27 27 24 
28 23 28 22 28 26 26 25 28 24 
30 29 25 23 29 26 27 28 29 30 

Select more than one answer corresponding to the following statements based on 
these data. 

 The number of children who have 24 marbles is the same as the number of 
children who have 26 marbles. 

 The mode of the data on the number of marbles is 28. 

 The median of the data is 26.5 

 The lowest number of marbles owned by the child is 23 marbles. 

3 
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Choose the statement that best corresponds to the information displayed in the 
graph. 

 Tomatoes are more expensive during the summer and less expensive during 
the winter. 

 When the weather is warm, the supply of tomatoes increases, while when it is 
cold, it decreases. 

 As more people purchase tomatoes when they are abundant, the price of 
tomatoes decreases. 

 When the supply of tomatoes is low, prices are typically high, while they are 
typically low when the supply is high. 
 

 

Table 2. Statistical literacy scoring indicators and criteria 

Indicator → Descriptor Scoring Criteria Score 

Reading Data → 
Knowing the information from 
the data presented is by 
determining certain values in 
the data 

Unable to understand data. 0 

Able to understand the data, but there are still 
errors. 

1 

Able to understand information or data 
accurately. 

2 

Finding the Ratio Between 
Scores→ 
Reads the maximum and 
minimum values in a graph 
and can determine the ratio 
between multiple scores in the 
data. 

Unable to understand the ratio between data 
values. 

0 

Able to understand the ratio between data 
values, but there are still errors. 

1 

Able to understand the ratio between data 
values accurately. 

2 

Digging information → 
Exploring qualitative 
information from the 
quantitative information 
provided by the data. 

Unable to dig up information. 0 

Able to dig up information, but there are still 
errors 

1 

Able to understand information or data 
accurately. 

2 

 
This investigation lasted three months, from December 2021 to February 2022. Research 

procedures were carried out by dividing 40 students by random sampling into experimental 
groups and control groups. The experimental group is a class that follows mathematics 
learning using treffinger learning, while the control group is a class that uses conventional 
learning. In this study, 20 students were assigned to the experimental class is VI A, while the 
control class is VI B. Both classes were conducted 1 lesson every week regarding the 
interpretation and analysis of statistical data. At the beginning and end of the meeting, students 
in both classes were given the SLT to determine their statistical literacy level. 

The primary students' statistical literacy test results data were analyzed in four stages: 
First, calculating the pretest and posttest scores for both classes using descriptive statistics. 
Second, calculating achievement and enhancing the statistical literacy score (SLS) category 
in terms of low, medium, and high using the normalized gain formula (Meltzer, 2002), which is 
then confirmed by using the N-Gain category (Hake, 1998). Specifically with regard to 
enhancing high in g > 0.7, medium in 0.3 ≤ g ≤ 0.7, and low in g < 0.3. Third, test for normality 
of variance using the Shapiro Wilk test. Fourth, Wilcoxon tests the research results' hypothesis 
to determine the significance of treffinger learning on primary students' statistical literacy. 

 

3. Results and Discussion 
Results  

The results obtained at the Tambak Rejo II State Primary School for students class VI A 
is the experimental group, while Class VI B is the control group indicate that the implementation 
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of treffinger learning has an effect and improves primary students' statistical literacy. The 
results of calculating the descriptive statistical values for the two SLS classes are presented in 
Table 3. 

 
Table 3. SLS descriptive statistics in the classes of experiments and controls 

SLS N Range Min. Max. Mean SD 

Experiment-Pretest 20 40 30 70 48.25 11.729 

Experiment-Posttest 20 50 50 100 76.50 16.944 

Control-Pretest 20 40 30 70 44.00 9.947 

Control-Posttest 20 50 50 100 69.50 13.945 

Valid N (listwise) 20      

 
The average value of statistical literacy in Table 3 shows the difference before and after 

learning. This can be seen from the experimental class's descriptive statistical value, which 
has a minimum pretest value of 30 and a minimum posttest value of 50. Meanwhile, the 
experimental class's minimum and maximum posttest values are 70 and 100. Meanwhile, the 
average values before and after are given treatment In the experimental class, there was a 
discernible distinction. The average pre-test score for the control group is 44, while the average 
post-test score is 69.50. Prior to implementation, the average pre-test score in the experimental 
class was 48.25, while the average post-test score was 76.50. This represents the difference 
between the average results of the experimental and control groups on a test of statistical 
literacy.  

 
Table 4. SLS categories in the classes of experiments and controls 

SLS 
Category 

Experiment Control 

Pre Post Gain (g) Pre Post Gain (g) 

High 53.57 93.75 0.88 49 87 0.77 

Medium 45 72.5 0.49 43.33 70.56 0.48 

Low 43.33 57.5 0.24 40.83 53.33 0.21 

Whole 47.3 74.58 0.54 44.39 70.3 0.48 

 
Table 4 illustrates the enhancement of SLS primary students between the experimental 

and control groups. Through the difference in SLS on medium criteria (0.3 ≤ g ≤ 0.7), the overall 
N-Gain average results for both classes indicate an enhancement in statistical literacy (Hake, 
1998). The value of the experimental class is 0.54, while the value of the control class is 0.48. 
In this instance, the N-gain value for the high SLS category in the experimental group is 0.88, 
whereas it is 0.77 in the control group. In the medium SLS category, the experimental class 
received 0.49 while the control class received 0.48. The experimental class received 0.24 in 
the low category, while the control class received 0.21.  
 

Table 5. Normality test results on achievement and enhancing statistical literacy 

 Shapiro Wilk 

Statistical literacy Statistik df Sig. 

Achievement 0.926 40 0.012 

Enhancing 0.924 40 0.010 

 
Table 5 shows the normality test results using the Shapiro Wilk test through SPSS 

version 25. Measuring achievement and enhancing statistical literacy of primary students is 
done by setting =0.05. The achievement value of students' statistical literacy learning 
outcomes is sig. 0.012. Meanwhile, enhancing statistical literacy is significatively 0.10. It 
indicates that The research data do not follow a normal distribution. Because the obtained 
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significance value is less than 0.05. Therefore, the data were analyzed using data 
interpretation in each SLS category according to Figure 1 and Figure 2. 

 

  
Figure 1. SLS achievement interactions based on category  

 

  
 

Figure 2. SLS enhancing interactions based on category 
 

All SLS categories (high, medium, and low) in the experimental class in Figure 1 and 
Figure 2 have higher achievement and enhanced statistical literacy than students in the control 
class. In this case, both the experimental and control groups experienced SLS improvement. 
However, when the posttest scores of the two groups were compared, there was no significant 
difference. The experimental group was found to have a higher SLS than the experimental 
class. These results indicate that treffinger learning is more effective in enhancing the statistical 
literacy of primary students. 
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Table 6. Wilcoxon test results pertaining to the influence of treffinger on statistical literacy 

SLS 
Posttest-Pretest 

Experiment 
Posttest-Pretest 

Control 

Z -3.927b -3.929b 

Asymp. Sig. (2-tailed) .000 .000 

 
In Table 6, the Wilcoxon test results for the SLT reveal that the probability value of 

0.000 is below the significance threshold of 0.05. If the value of Sig. (2-tailed) is less than 0.05, 
a decision is made. Consequently, there is a difference between the two classes' means. It 
suggests that the implementation of treffinger learning has an impact on the statistical literacy 
of elementary students. 

 
Discussion  

The results reveal statistically significant differences in the performance of primary 
school students in experimental and control classes in all high, medium, and low categories. 
This result is consistent with previous studies' findings on the relationship between learning 
and motivation oriented toward enhancing statistical literacy in different classes. A comparison 
will also increase students' statistical literacy scores according to their respective levels. The 
mathematical ability of the experimental class has an increase in statistical literacy higher than 
the control group at all levels (Alhaddad, 2015; Takaria & Rumahlatu, 2016; Takaria & Talakua, 
2018). Another study found statistical literacy skills to be 16% higher in the high category, 60% 
higher in the medium category, and 24% lower in the low category (Fadillah & Munandar, 
2021). The overall average value of N-Gain is 0.62, which means that the increase in statistical 
learning outcomes occurs in the medium category. Another study showed that 40% of students 
experienced an additional 56% in the high category and 4% in the low category (Wahab et al., 
2021). The results of other studies are similar: statistical literacy is 13 students in the highest, 
46 students in the medium, and 8 students in the lowest (Maryati, 2021). The studies' results 
are somewhat different, namely that students who have high, medium, and low levels of 
statistical literacy still cannot achieve the ideal statistical literacy indicators simultaneously 
(Ratnawati et al., 2020). Students with a high statistical literacy category can complete 
indicators 1 to 3 at levels 5-6. Students with moderate ability meet indicator 1 but do not meet 
indicators 2 and 3 at levels 3-5. While the low category meets indicator 1 but does not meet 
indicators 2 and 3 at levels 1-3 (Risqi & Rini Setianingsih, 2021)   

Another finding in this study shows a higher achievement of statistical literacy for 
primary students in the experimental class. The Shapiro Wilk normality test on achievement 
resulted in a sig value. 0.012 and 0.05 indicate that the data do not follow a normal distribution. 
In this instance, the experimental and control groups achieved differently based on their 
posttest scores. Specifically, the experimental group outperformed the control group. This 
study's findings are similar to those of previous research in that the experimental group 
performed better on posttests than the control group (Takaria & Rumahlatu, 2016; Takaria & 
Talakua, 2018). On the other hand, in the posttest, 52% of students fall within the medium 
category, while 40% fall within the high category (Wahab et al., 2018). The low achievement 
of statistical literacy in the control class can be caused by not optimal learning during the Covid-
19 pandemic. Low achievement statistical literacy usually occurs in understanding concepts 
and errors occur in solving problems (Fadillah & Munandar, 2021). The results of other studies 
report low achievement on each indicator. In interpreting the data, the greatest proportion is 
57.78% and the indicator provides information with the lowest percentage, which is 35.56% 
(Irwandi et al., 2022). 

The next finding is regarding the interaction of treffinger learning influence that affects 
statistical literacy primary students by using the Wilcoxon test. There is a difference between 
the two classes' averages. The findings of previous research indicate that this interaction is 
caused by treffinger learning which has a problem-solving orientation. Treffinger's creative 
learning with the realistic mathematics education (RME) principle produces higher creative 
thinking skills than students who learn using conventional learning. The acquisition value of F 
= 17,195 with sig 0.001 has shown this (Ndiung, 2019). Other studies also have The influence 
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of problem-focused treffinger learning on achievement and improvement in mathematical 
communication (Alhaddad, 2015). Previous research resulted in the effect of the Treffinger 
teaching model with an approach to solving open-ended problems to enhance students' 
creative thinking, which was seen in the average pretest score of 62.29 and posttest of 80.06 
(Triwibowo et al., 2017). Another study resulted in sig=0.721, which means that the 
significance level exceeds 0.05, or that the hypothesis is accepted. It indicates a relationship 
between treffinger learning and mathematical resilience (Rohmah et al., 2020). Students using 
treffinger learning assisted by problem cards have a higher creative thinking level than students 
using the PBL model (Dwijanto et al., 2019). Statistical literacy through collaborative problem 
solving resulted in a higher increase than the expository group. This happens because of the 
effective use of collaborative problem-solving models (Takaria & Talakua, 2018). Another 
study states that students who have good statistical literacy can be facilitated by collaborative 
problem-solving models, because students' abilities can be explored through discussion of 
opinions between students (Takaria et al., 2020).  

The findings of this study resulted in improving and achieving statistical literacy for 
primary students in grades 1, 2, and 3 through the application of treffinger learning. This result 
is similar to the previous study, but previous studies have focused on high-grade primary 
schools, such as fourth grade. Nor do these studies focus on the application of trefinger 
learning, not on statistical material and not on improving statistical literacy through trefinger 
learning. Treffinger learning improves and achieves statistical literacy for primary students in 
high grade (Alhaddad, 2015). Another study resulted in an increase in statistical literacy in 
primary students with higher N-Gain (medium category) compared to expository learning (low 
category) through problem-solving learning (Takaria & Rumahlatu, 2016). Another study 
showed the effect of treffinger learning by increasing flat-level learning outcomes for grade four 
primary students with N-Gain results of 73.3% in the high tier, 20% in the medium tier, and 
6.5% in the low tier (Ali et al., 2021). The class subjected to the implementation of treffinger 
learning had higher statistical literacy enhancing senior high school students than the class 
given conventional learning. This is obtained from the difference between the average N-Gain 
of the two classes showing sig. 0.024 and sig. 0.012. With decision making if sig. (1-tailed) < 
0.05, then H0 is rejected (Nizham et al., 2017). Relatively different research results occurred 
in the increase in primary students' statistical learning outcomes after the implementation of 
statistics learning. This study showed that 40% of students experienced a rise 56% in the 
medium category, and 4% in the low category. (Wahab et al., 2021). After implementing the 
statistical module, there was a significant increase and difference in students' statistical literacy 
gain value, namely at the pretest of 10.96 and the posttest of 22.68 (Wahab et al., 2018).  

Thus, treffinger learning provides opportunities for students to understand problem-
solving concepts, develop thinking skills and interpret problems, collect data, analyze, 
generate ideas, and try to solve problems (Andriatna et al., 2021). Treffinger learning has 
characteristics, namely involving: students actively in problem-solving, combining cognitive 
and affective aspects to find solutions in solving given problems, students conducting joint 
investigations with groups to strengthen their ideas, and students are able to apply their 
newfound knowledge to other everyday problems (Collesi, 2019; Putu et al., 2019; Verschaffel 
et al., 2020). In this case, treffinger learning affects the enhancement and achievement of 
statistical literacy for primary students, because treffinger learning has critical stages of 
understanding and analyzing statistical problems. Treffinger learning has several stages that 
make it easier for primary students to solve problems. Namely: the first stage is basic tools; 
students can explore various possible solutions that allow them to develop a creative idea 
without fear of being rejected based on their experience and knowledge. The second stage 
involves process practice; students are given complex problems to solve that cause cognitive 
conflicts to take advantage of their potential to solve problems. The third stage is working with 
the real problem, involving students' thinking in real challenges and encouraging students to 
find solutions to the problems given (Main et al., 2019; Sophonhiranrak et al., 2015; Van 
Hooijdonk et al., 2020; Zainal & Halik, 2019). As one of the characteristics of treffinger learning, 
students are given the freedom to comprehend and solve problems. The freedom to 
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comprehend and solve problems is the defining characteristic of treffinger learning (Maulana, 
2019; Mawardino & Fauzan, 2019; Ridwan et al., 2019; Rohmah et al., 2020). 

Based on the results and discussion presented in the preceding section, it is possible 
to conclude that the implementation of treffinger learning can achieve and improve the 
statistical literacy of primary students. The data analysis test results indicate that there was a 
difference between the implementation of treffinger learning prior to and after receiving 
treatment in the experimental class. Primary students are also experience-enhancing in 
statistical literacy. Therefore, treffinger learning can be used as a solution to stimulate and 
encourage enhancing the statistical literacy of primary students. 

 
4. Conclusion 

Learning treffinger has a consequence on the enhancement of primary students' 
statistical literacy. So that the impact significance of treffinger learning on enhancing statistical 
literacy can be further tested, it is recommended for future research to use a larger sample or 
population. In addition, it is suggested that research on the implementation of treffinger 
learning is not only in high-grade grades in primary schools, as is the case in this study but 
also in lower grades, for example, grades 1,2,3 primary schools. It is possible because primary 
students in low grades also have initial knowledge and skills in interpreting and elaborating 
statistical data as part of their statistical literacy skills. 
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