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IMPLEMENTATION AND EDUCATION OF MATHEMATICS AND SCIENCE YOGYAKARTA, 

16 – 17 MAY 2016 ME-323 Probabilistic Thinking of Elementary School Students in 

Solving Contextual and Non Contextual Probability Tasks Dwi Ivayana Sari1, I Ketut 

Budayasa2, Dwi Juniati3 1(STKIP PGRI Bangkalan, Department of Mathematics 

Education) 2 (Universitas Negeri Surabaya, Postgraduate Program) 3 (Universitas Negeri 

Surabaya, Department of Mathematics) duwee_cewek@yahoo.com Ab stra ct — The aim 

of this research was to describe the probabilistic thinking of elementary school students 

in solving contextual and non contextual probability tasks. The subject was a student of 

fifth grade and a communicative boy. The triangulation of data of subject was used in 

difference time.  

 

The data analysis was categorizing, reducing, explaining, interpreting and concluding 

data. The result showed that in non contextual probability tasks, he could determine all 

possible outcomes in one- dimensional but failed in two-dimensional sample space. He 

failed in event and comparison probability tasks. He thought all events had opportunity 

to occur.  

 

However, in contextual probability tasks, he determined all possible outcomes in one- 

and two-dimensional sample space by using odometer strategy. Meanwhile, he used 

numerator strategy in solving probability event task to examine the part that 

corresponds to the event. In solving comparison probability task, he thought that a 

situation would give much more opportunity for target event, if it had a little bit sample 

space than other situation.  

 

This result was important for curriculum developer to introduce probability to 



elementary school students by probability contextual tasks related to their childhood. 

Keywo rd s :Probabilistic Thinking, Elementary School Students, Contextual Probability 

Task, Non Contextual Probability Task I. INTRODUCTION Advances in science and 

technology can not be separated from the human mind.  

 

A lot of scientists who have done some experiments as result of his thinking in develop 

science and technology and can be useful for humans in implementing for their survival. 

It is clear that the scientists just do not do the deterministic thinking in his job, but they 

also need to do probabilistic thinking. Because probabilistic thinking can provide a 

rational framework for making inferences and test hypotheses based on 

uncertainempirical data.  

 

For example, a scientist states that the drug has been produced, 99% could incrse he ’s 

p fterding me esearch in the laboratory. The example above show that the scientists 

provide conclusions related to events that will occur at dug pouce y g tdug s eepouce % 

uldincreathe ’ appetite. 99% shows the degree of confidence of scientists to the drugs 

that has been produced. This confidence level appears based on the probabilistic 

thinking.  

 

Itmeans that scientist has estimated the succss f he rtothe ncrse ’apetite th nothis,sothat 

appears as a measure of the quantity estimation results. One of the concepts to study 

the quantity of the magnitude of the degree of confidence is the probability. 

Further,[1]stated that the probability was the study of likelihood and uncertainty. It 

played a critical role in all of the professions and in most everyday decisions.[2]stated 

that the probability was the mathematical way to deal with problems of uncertainty. It 

was a tool for measuring the appearance chance of events.  

 

[3]explainsed that the probability was an old mathematical discipline dealing with 

calculating the probability of various events.[4]suggested that the probability of any 

event was expressed as a ratio of the number of potential outcomes that may be 

Considered successful over the number of all possible outcomes, successful plus 

unsuccessful.  

 

This was in line with the opinion of[5] which stated that the probability was an assigned 

value (actually an estimate) given to the likelihood of a particular outcome occurring in a 

random situation. It was calculated by forming a part-whole fraction; the numerator 

being the number of times an outcome can occur and the denominator being the total 

number of possible outcomes.  

 

While [6]stated that the probabilistic thinking was a mode of reasoning is ME 48 ISBN 



978-602-74529-0-9 ME-324 attempting to quantify uncertainty, as a tool for decision 

making. In the study [7]the term probabilistic thinking would be used to describe 

children's thinking in response to any probability situation. Further [8]stated that a 

probabilistic reasoning implied to reason under uncertainty.  

 

This reasoning took in consideration two important components: the variability of the 

result and randomness. Thus there is a relationship between probabilistic thinking and 

probability. If probabilistic thinking is the mental activity of a person in response to a 

situation which contains an element of uncertainty, then the probability is the branch of 

mathematics that studies the issues that contain elements of uncertainty.  

 

Based on probabilistic thinking and probability explanation, then in an effort to develop 

probabilistic thinking of students as a preparation to face the science and technology, 

needs to be done by introducing the material probability to students in primary school. 

[9]suggested that the probability need to be introduced to students ranging from 

elementary level, as the foundation of students to study the probability at higher levels. 

Lately a lot of researches related to probabilistic thinking of elementary students in 

response probability tasks.  

 

[3]had done research on low-grade students were kindergartens and elementary schools 

to differentiate among certain, possible and impossible events, and compare the 

probability of various events. The result of this study was students coulddifferentiate 

between three events. Further [10]in his study of 404 students in 2th to 6th grade with 

instruments related to differentiate among certain, possible and impossible events, and 

compare the probability of various events, determine events most likely to occur, 

determine the two boxes of the most may produce white or black ball.  

 

The results of this study concluded that the majority of students could recognize 

different events and categorized them based on the probability. Two results of this 

study stated that elementary students succeed in responding to the standard probability 

tasks (non-contextual). In addition, [11] in his study of 29 students aged 14 to 16 years.  

 

Types of tasks provided are (1) advertising involving sex of a baby, (2) black and white 

marble problem, and (3) red and blue marble problem Box A and Box B. Two of the first 

task were a context task. The analysis was based on four categories of response is non 

response, non statistical response, partial statistical response and statistical response.  

 

The results of this research focused on non statistical response, that wasmany students 

used strategies based on the experience of culture (beliefs, everyday experience and 

school) and intuitive strategy. This was in line with the results of the study [12]of the fifth 



grade elementary school students low math skill in response probability tasks.  

 

The subject gave non statistical response that students gave 

rsowhicredtoeveraeer.Stentrpnd ed that if Ivan selected the meatball, then he selected 

tea ice, lemon ice and coconut ice. But when the student answered that Ivan selected a 

soup, then he selected tea ice and lemon ice while coconutice is impossible.  

 

When researcher askedhis reason, the subject replied that the soup did not match with 

coconut ice. As well as if Ivan selected chicken noodle, then Ivan selectedtea ice and 

lemon ice. While coconut ice was not suitable for chicken noodle. When the researcher 

asked why did not match?, subject replied that according to him was not delicious if 

after eating chicken noodles, drinking coconut ice.  

 

This response showed the subjectivity of student is influenced by everyday experience. 

Based on the explanations that have been presented, then there are differences of 

probabilistic thinking of elementary school students in solving contextual and 

non-contextual probability tasks.  

 

This difference becomes the focus of researcher to explore probabilistic thinking of 

elementary students in solving contextual and non contextual probability tasks. Aspects 

of probabilistic thinking can be seen from the responses and strategies are used by 

students in solving probability tasks. [11]developed the four carostentroses e n 

espnse,nostati ical response, partial statistical response and statistical response.  

 

The tasks related with list or identify the complete set of possible outcomes in one- 

dimensional and two-dimensional, [13]in his study stated that there are six strategies 

could be used by children in completing tasks bear dressed with tops and pants. The 

strategies were solution strategy A (random selection of items with no rejection of 

inappropriate items), solution strategy B (trial and error procedure with random item 

selection and rejection of inappropriate items), solution strategy C (emerging pattern in 

item selestion, with rejection of inappropriate items), solution strategy D (consistent and 

complete cyclical pattern in item selection, with rejection of inappropriate items), 

solution strategy E (emergence of an "odometer" pattern in item selection, with possible 

item rejection), solution strategy F (complete odometer pattern in the selection of items, 

with no rejection of items).  

 

Furthermore, [14]in his study of 9-year-old students with high ability and low ability, 

described how the student could construct mathematical ideas for solving problems. 

When students lack of formal knowledge, they relied on informal model of the problem 

situation by using a strategy to produce a solution. And there were three strategies used 



by students in solving a problem, that are non planing, transitional and odometer.  

 

And then elaborated again by [15]into 5 strategies were trial and error strategy, 

emerging strategy, a cyclic pattern PROCEEDING OF 3RD INTERNATIONAL 

CONFERENCE ON RESEARCH, IMPLEMENTATION AND EDUCATION OF MATHEMATICS 

AND SCIENCE YOGYAKARTA, 16 – 17 MAY 2016 ME-325 strategy, odometer with errors 

strategy, odometer strategy. The task related with identify and justify which of two or 

three events are most likely or least likely to occur, [16]stated that there were three 

strategies used by students in completing the task of this probability, namely (a) a 

numerator strategy in the which they only examine the part of the set that corresponds 

to the target of the event, (b) an incomplete denominator strategy in the which they 

examine the part that corresponds to the complement of the event, and (c) an 

integrating strategy in the which they relate the number of the target elements with the 

total number of elements in the set.  

 

Further, The task relate with determine and justify: (a) which probability situation is more 

likely to generate the target event in a random draw, [16]identified three strategies used 

by students, namely (a) set with more target event, (b) set with less non target event, 

and (c) set with the greater difference in favor of the target event. In addition to the 

response and strategy aspects, there is other aspect that relate to probabilistic thinking 

is representation.  

 

The representation is the result of a person's mental activity that can be seen by naked 

eye. In connection with the representation of students in solving probability tasks, [7] 

found that students used the language of an invention or a conventional language to 

described the part-whole. Meaning of the language of the present invention that one or 

more students suggested their different ways in describing probability.  

 

This language was used either verbally or in writing. As an example of the invention is 

the use of language "one of three" to described the probability rather than used a 

conventional language was one-third. And one of the results of research [17]stated that 

students pay attention of whole with whole description of the spinner with 100% 

representation.  

 

Model area and description of 50% and the phrase "half"were seen familiar to two 

students at the initial interview. Based on the explanations that have been presented, 

the study aims to describe probabilistic thinking of elementary school students in 

solving contextual and non contextual probability tasks.  

 

So the results of this study can provide benefits, especially for curriculum developers to 



introduce probability to Elementary School by designing an approach or strategy that 

can accommodate aspects of probabilsitic thinking of students. In addition, the results 

of this study can complement theories that already exist on probabilistic thinking 

especially for elementary school students. II.  

 

METHOD This study will describe probabilistic thinking of elementary school students in 

solving contextual and non contextual probability tasks. The research reveals a natural 

phenomenon (naturalistic) of the subject when solving probability tasks and the main 

instrument is the researcher. Therefore, this type of research is exploratory research, 

whereas this is a qualitative research approach. A.  

 

Subject Resear’ jt a th grade student of elementary school with certain criteria, the boy 

who has high math skill and able to communicate fluently. The reason to choose boy 

student because according to research [18]boys had scored higher than girls on 

probabilistic reasoning, while the results of [19]showed that boy have fewer 

misconceptions than girl.  

 

While the selection of students with high math skill because research [20]stated that 

students with high math skill were able to respond to probability tasks by using a 

specific strategy and representation. B. Instrument The main instrument in this study was 

researcher. And supporting instruments, namely (a) the instrument of mathematical 

ability of students, (b) instrument probability tasks, and (c) the instrument guided 

interview.  

 

Each contextual and non contextual probability tasks contained about: (1) the sample 

space was related to identify the complete set of outcomes in a one and two-dimension 

problem, (2) the probability of an event was related to identify and justify which of event 

are most likely to occur, and (3) the probability comparison was related to determine 

and justifywhich probability situation is more likely to generate the target event in a 

random draw. C.  

 

Prosedure Collecting data in this study was done 2 times, namely the collection of data 

on probabilistic thinking of elementary school students in solving contextual probability 

task and non contextual probability task. 1) In non contextual task, the data collection 

process was begun with the provision of instrument probability t astothe 

esearhsubecSubecd rbility sk codngtohiaby andwrhaweracrintowhhe in cherrod 

subecbvir(rn) including the unique of the subject when solving probability tasks.  

 

Furthermore, researcher interviewed ISBN 978-602-74529-0-9 ME-326 subject related to 

the aspects about probabilistic thinking. Triangulation of the interview data in this study 



useddifferent time triangulation, that was comparing and checking data or information 

from the result of completion probability task without experimentation with different 

time.  

 

2) After all of the data collection process related to probabilistic thinking of elementary 

school students in solving non contextual probability task was complete, the process of 

collecting data to describe probabilistic thinking of elementary school students in 

solving contextual probability tasks was begun by giving instrument of coual 

rbilittotrchsjt. cherrod sjt’s ehao expessio , including the unique things of the subject 

when solving probability tasks through experiments.  

 

Furthermore, researcher interview subject related to aspects the probabilistic thinking. 

Triangulation of the interview data in this study used triangulation time. D. Analysis The 

process of data analysis in this study consist of: 1. Categorization/Data Classification 

Categorization in this study was defined as the process of selecting and grouping of 

data that had the same meaning when it was associated with aspects of probabilistic 

thinking of elementary students. 2.  

 

Data Reduction Reduction of data in this study was defined as the process of data 

reduction, that was less unnecessary and irrelevant. 3. Presentation of Data Presentation 

of data in this study was defined as the process of writing the data was already 

categorized, further examination of the data to determine the consistency of the 

information was given by subject in order to obtain credible research data (data 

triangulation). 4.  

 

Interpretation of Data Interpretation of the data in this study was defined as a process of 

understanding the meaning of a set of data that had been presented. Furthermore, the 

discussion and comparing data from credible research with the literature and the 

particular theory. 5. Conclusion Conclusions in this study was defined as the process of 

formulating the meaning of research of result based on discussions of the data 

collected.  

 

This conclusion meant to described probabilistic thinking of elementary school students 

in solving contextual and non contextual probability tasks. III. RESULT A. Probabilistic 

Thinking of Elementary School Student in Solving Non Contextual Probability Task 1. 

Sample Space A statistical response was given by subject in solving task to identify what 

color of the ball could be drawn from a box which containing 4 red balls, 3 blue balls 

and 2 green balls. The subject could determine outcomes in drawn of ball.  

 

The strategy was used by the subject showed no trial and error strategy because the 



subject was not answer the question by trial and error, but the subject gave a reason. 

The reason of subject is that because ball was randomly drawn from the box. This could 

be seen in the following interview transcript. PLTT1N112: What is your answer? 

SLTT1N112: It can be red, blue and green PLTT1N113: The reason? SLTT1N113: Because 

in the box, is randomized then taken PLTT1N114: What does it mean randomized then 

taken? SLTT1N114: Because in the box they were randomized and thenit's taken, you 

can receive red, blue or green colours Representation was used by the subject in this 

issue by list all thepossible outcomes.  

 

However, in the sampel space two dimension task he failed to identify a couple of 

number and color in spinner, when two spinners were playing together. Subject 

mentioned that the results may be designated by the arrow was the number 1, 2, and 

blue, yellow, red, green and purple. It could be seen from the transcript of the interview 

follows.  

 

PLTT1N210: What is your answer? SLTT1N210: The numbers can be 1 and 2, colors are 

blue, yellow, red, green, purple PLTT1N211: The reason? PROCEEDING OF 3RD 
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Because when spinner is rotated, it can get number 1 and number 2, and the color blue, 

yellow, red, green, purple PLTT1N212: So, it means how many pairs of numberand color 

that can be designated by the arrow? SLTT1N212: Seven, here is 5 (pointing spinner 

color) and 2 ishere (pointing spinner number) PLTT1N213: What are the seven? 

SLTT1N213: Blue, yellow, red, green, purple, 1, and 2 Based on the transcript of the 

interview above, indicated that the subject did not pair numbers and colors on the 

spinner. 2.  

 

Probability of an Event Subject failed to determine what was most likely of the ball was 

picked up from a box containing 4 red balls, 3 blue balls and 2 green balls. The subject 

replied that most probably drawn ball was a ball of red, blue and green. Subject thought 

that the three colors of the balls had the same chance. The subject also failed to 

determine which were most likely to appear,dice more than 3or less than 3 of throwing 

the dice.  

 

Students thought that by throwing dice, a person did not know how many dice that 

would appear, dice more than 3and less than 3had a same chance to emerge. The 

transcript of the interview can be seen follow. PLTT1N315: What is your reason, why are 

the most likely to appear on the dice that could be more than 3 or less than 3? 

SLTT1N315: Because when inflated can be get more than 3 and less than 3 PLTT1N316: 

How can they are the most likelythe to appear? SLTT1N316: When inflated can be more 



than three or less than three PLTT1N317: What does it mean how can be more than 

three, less than 3? Why? SLTT1N317: Yes possibility PLTT1N318: What is mean of 

possibility? SLTT1N318: If inflated upward, typically more than three or less than three 

PLTT1N319: Your mean, you do not know will get which? SLTT1N319: Yes PLTT1N320: 

Why did not know? SLTT1N320: Because when inflated get many numbers 3.  

 

ProbabilityComparison The subject also failed to determine where the boxes were most 

likely to get the black marker, if there were two boxes, the first box contains 3 blue 

markers and 2 black markers and the second box contains 4 blue markers and 3 black 

markers. The transcript of the interview can be seen follow. PLTT1N408: If you want to 

get a black marker, where the box should you take out? SLTT1N408: Box I and II 

PLTT1N409: Why are I and II boxes? SLTT1N409: Because box I and II contains a black 

marker Based on the transcript of the interview above, indicatesd that the subject could 

not compare boxes were most likely to produce a black markers in decision markers.  

 

Subject thought that the two boxes together contain black marker, so that in taking one 

of the markers in the box, I and II boxes produce black color markers. The subject also 

failed to determine of the spinner which most likely refers to the red color, if there were 

two different spinners. The transcript of the interview can be seen follow.  

 

PLTT1N505: What spinner should give most likely to the red color? SLTT1N505: My 

answer, could spinner A and B PLTT1N506: How can be spinner A and B? SLTT1N506: 

Because when I rotated can get the red color also PLTT1N508: But if you're asked to 

choose, what will you choose?The A or B? SLTT1N508: A and B,Miss PLTT1N510: The 

reason? SLTT1N510: Because when I rotated I can get the red color also PLTT1N511: 

How can it get red color, in the A and B? SLTT1N511: Because when it's rotated it can 

get the red color also PLTT1N512: Yeah why you choose both can get the red color? 

ISBN 978-602-74529-0-9 ME-328 SLTT1N512: Because in the two spinner, there are red 

Based on the transcript of the interview above, indicated that the subject could not 

compare the spinner which were most likely to produce a red color.  

 

In fact, when the researcher asked the subectochose ne iner jt cse a .Tsubecrsoiicate hat 

the subject thought that on both of spinner equally there were red, so that both spinner 

gave the opportunity to appoint the color red. B. Probabilistic Thinking of Elementary 

School Student in Solving Non Contextual Probability Task 1.  

 

Sample Space The statistical respon was given by student to choose one food and one 

drink that could be ordered by Dinda, since the subject could list all the probably 

outcomes. The most efficient strategy, namely the strategy odometer was used by 

subject. This was because the subject chose one food as a constant item which was 



paired with 3 different drinks to get all couples of food and drink.  

 

Representations were written by the subject can be seen in Figure 2.1. FIGURE 1. 

Representation of Subjects in Solving 2 Dimensions Sample Space Task 2. Probability of 

an Event Partial statistical response was given by subject in solving the probability of an 

event task. Twas ecse he jt’s ean eedtothe rprnalitmincetio at t subject chose colors on 

the spinner which hadnumbers more than others.  

 

The transcript of the interview can be seen follow. PLTT1N706: What color will you 

choose in order to win this game? SLTT1N706: I will choose blue, Mam PLTT1N707: Why 

do you choose the blue? SLTT1N707: Because in this spinner mostly blue PLTT1N708: 

How many blue? SLTT1N708: There are 2 PLTT1N709: yellow? SLTT1N709: 1 PLTT1N710: 

The Green? SLTT1N710: 1 PLTT1N711: Do all colors have same size? SLTT1N711: Same 

Based on the interview above, showed that subject used a numerator strategy, because 

the subject checked the size of each color on the spinner. And colors with the larger size 

was the color most likely designated by arrows. 3.  

 

ProbabilityComparison Partial statistical response was given by subject in solving 

comparison statistical of poaby his s ecthe ubecrsoredto pprnalitmiscncetio that was the 

subject selected a coin because had two sample space, and a dice with many 6 sample 

space. The transcript of the interview can be seen follow. PLTT1N808: You're one of the 

players, do you want to choose to use a coin or use dice? SLTT1N808: Coin PLTT1N809: 

Why do you choose a coin? SLTT1N809: Because there are 2 pictures PLTT1N810: What 

about the dice? SLTT1N810: There are many pictures, Miss, there are 6 PLTT1N811: But 

why if the pictures are 2and the other is 6, you will choose the one which has 2 pictures? 
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16 – 17 MAY 2016 ME-329 SLTT1N811: It can get the number 500 easily PLTT1N812: 

What about the dice? SLTT1N812: To get the number 3 and 5 is difficult PLTT1N813: 

Why difficult? SLTT1N813: Because there are the numbers 1 to 6 IV. DISCUSSION 

Overall, students had failed to respond non contextual probability tasks.  

 

It appeared that the students failed to respond a couple of numbers and colors when 

two spinners were rotated, and the students also failed to choose which color ball was 

most likely to be drawn from the box and which figure was most likely to appear on the 

tossed of the dice. Students also failed to select box and spinner which were most likely 

to get a target event.  

 

The failure of these students is because students thought that all events had the 

opportunity to occur. However, the contextual probability task, student was able to 



respond to tasks using a variety of strategies and representations. In two-dimensional 

sample space, student gave statistical response because he could list all possible 

outcomes with odometer strategy.  

 

And students gave partial statistical response opoaby f eveTstud’s ean efe red to 

proportionality misconception. The numerator strategy was used by students to 

examine the part of the set that corresponds to the target of the event. In coarn rbility 

sk,a arstatistical espnsewas y udTsent reason refered to proportionality misconception. 

Student chose a coin to play.  

 

This was because the coin had space samples less than dice, so it more likely had a great 

chance to win. Itmeans student thought that a situation would give much more 

opportunity for the target event, if it had a fewer sample space than other situation. 

Based on the responses of students in solving contextual and non contextual probability 

tasks, obviously there are differences.  

 

Student is more successful in solving contextual probability tasks. Because, student 

understand the purpose of the questions easier. In addition, student will think based on 

his experience in daily life so that student are able to respond and use strategies in 

solving problems. This is in accordance with the opinion of [14]and [21]which stated that 

the task of the probability associated with contextual would be easier for students to 

respond to the task of probabilities, because the task could bring students in everyday 

life, so that students were able to respond to the task though using their own strategy.  

 

However, such a strategy could be redeveloped into a formal mathematical rules. It is 

important to teach probability for elementary school students, it means the probability 

can be introduced to elementary school students by probability contextual tasks related 

to their childhood, such as games etc. V.  

 

CONCLUSION In non contextual probability tasks, student could determine all possible 

outcomes in one- dimensional but failed in two-dimensional sample space. Student 

failed in probability events and comparison probability tasks. Student thought that all 

events have the opportunity to occur. However, in the contextual probability tasks, 

student determined all possible outcomes in one- and two-dimensional sample space 

by using odometer strategy.  

 

Meanwhile, student used numerator strategy in solving probability event task to 

examine the part that corresponds to the event. In solving comparison probability task, 

student thought that a situation would give much more opportunity for the target 

event, if it had a little bit sample space than other situation.  



 

This result is important for curriculum developers to introduce probability to elementary 

school students by contextual probability tasks related to their childhood. The result can 

be used as input for the elementary mathematics curriculum developers to be able to 

introduce poaby n rmarlebasciati ud’chldo,suchas mes. trr rult can be used as input for 

teachers and other researchers associated with the strategy and approach that must be 

done to introduce probability for elementary students.  

 

In addition, for other researchers need to examine more deeply about probabilistic 

thinking of elementary school students views of other aspects, so that the study of the 

probabilistic thinking of elementary school students will be more complete and perfect. 
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