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1. Introduction 
Many studies suggested that most students are weak in probability-related topics at any 
level because they have weak foundations in rational number, problems in reasoning 
and difficulties in understanding abstract probability concepts (Garfield & Ahlgren, 
1988; Garfield, 1995; Garfield & Ben-Zvi, 2007). In Brunei, Toh (2010) suggested that 
students have difficulties in understanding and interpreting the probability-related 
questions during their examinations. He suggested that probability should be introduced 
in the lower secondary level, as it would provide enough opportunities for students to 
grasp the abstract concept of probability. Also, he recommended teachers to introduce 
the topic through activities and motivate students to relate to real-life situations, 
corresponding to the suggestion proposed by Garfield and Ahlgren (1988). 
 
 As recommended by various researchers (Garfield & Ahlgren, 1988; Garfield, 1995; 
Garfield; Ben-Zvi, 2007 & Toh, 2010), it would be ideal if students can relate their 
experiences and learn the concept of probability so that they can solve practical real-
world problems. It could be done by implementing the 21st Century Learning Design 
(21CLD), which has helped to improve teaching in various subjects (Shear, Gallagher & 
Patel, 2011). The 21CLD is an educational development program based on Innovative 
Teaching and Learning (ITL) Research. ITL Research aims to develop more innovative 
pedagogies that help students develop employable skills, such as real-world problem-
solving and innovation skills (Shear & Toyama, 2011). The 21CLD-designed teaching 
has allowed students to understand better and retain the knowledge longer whilst raising 
their interest in learning (Shear, Butler & Leahy, 2011). In this study, it is hoped that the 
Year 9 students’ performance in learning probability, which is one of the topics in 
Statistics 4040 (CIE, 2014), can be improved when teachers implement and engage in 
such innovative teaching.  
 
1.1 Difficulties in the teaching and learning of probabilities  
It was suggested that there was an issue of teachers having insufficient background 
knowledge, training and resources to teach probability (Garfield, 1995; Garfield & 
Ahlgren, 1988; Garfield & Ben-Zvi, 2007; Tishkovskaya & Lancaster, 2012). It is 
important that teachers can receive training to implement 21st century learning to 
students. According to Harun (2011), many students in Brunei are also weak in rational 
number concepts. This factor hinders students in learning probability, as rational 
numbers are required for probability representation (Garfield, 1995; Garfield & Ahlgren, 
1988; Garfield & Ben-Zvi, 2007). Another difficulty in learning probability is that 
students are weak in their reasoning and problem-solving skills (Garfield, 1995; 
Garfield & Ahlgren, 1988). According to an experienced Bruneian teacher, students 
struggle to solve probability questions in examinations. 
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1.2 Authentic learning in the 21st century  
As problem-solving based activity is able to stimulate students to learn probability, 
authentic learning such as 21CLD is a feasible solution to improve statistics education 
in schools. A number of recommendations and guidelines have been produced for 
helping teachers to improve the pedagogy of statistics at the school level (Tishkovskata 
& Lancaster, 2012). Garfield and Ben-Zvi (2007) observed that students learnt 
probability best by engaging in activities whereby students can discuss and collaborate 
in teams. Shear and Toyama (2011) mentioned that in 21CLD, students would ideally 
develop skills including problem-solving and innovation skills that facilitate their 
learning. Currently, the biggest challenge is providing adequate guidance and support 
for teachers to implement 21CLD in real classroom situations (Ananiadou & Claro, 
2009).  
 
2. Methodology 
2.1 Research design  
In this study, the problem-solving and innovative dimensions of 21CLD teaching and 
learning activity were implemented during probability lessons. The key feature of the 
research is to design and implement a learning activity integrating 21st century skills 
into the probability lessons. The learning activity design was mainly based on the real-
world problem-solving and innovation dimension of 21CLD. The activity lasted for four 
teaching periods over two days. On the first day, time was allowed for students to 
discuss and collaborate within groups to solve a real-world problem in making a 
carnival game to be implemented in the school’s Family Day. On the second day, 
students were required to prepare a real and functional model practically with clear 
instructions to enable real audiences, including the family members of the students, to 
play in a real situational context.  
   
2.2 Samples  
This study was conducted in one Bruneian secondary school. Twenty-four students from 
two classes in Year 9 were selected to learn probability for their GCE O Level Statistics 
4040. The reason for choosing these Year 9 students, rather than A Level students, was 
based on Toh’s recommendation (2010) that it is better for students to grasp the concept 
of probability at the earlier stage of their education. 
 
2.3 Instruments used in the study  
The learning activity was designed according to the rubrics of 21CLD (21CLD Learning 
Activity Rubrics, 2012). Pre- and post-tests were given to students to assess their 
understanding in basic probability concepts. The questions in the tests were developed 
by consulting literature done by Gürbüz, Erdem and Fırat (2014) and structured 
according to the Cambridge GCE O Level Statistics 4040 past year’s questions. The 
degree of difficulty and face validity of the test were confirmed by two local 
mathematics teachers. The test-retest method was used to determine the reliability of the 
tests used (Mundia, 2001). To assess students’ understanding qualitatively, teachers’ 
and students’ reflective journals were used to gather comments and suggestions from 
teachers and students in order to make further improvements for the lessons (Chong & 
Shahrill, 2014).  
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2.4 Data analysis method  
Data collection and analysis were both qualitative and quantitative. The effects of 
learning probability with 21st century skills were measured quantitatively using learning 
activity rubrics and student work rubric. The influences of learning probability with 
real-world problem-solving and innovation skills on students’ achievement was 
measured quantitatively using students’ pre- and post-test scores. Also, the influences of 
teaching and learning probability during the real-world problem-solving and innovative 
activity were analysed qualitatively using teachers’ teachers and students’ reflective 
journals. 
 
3. Results and discussion 
3.1 Rubrics coding of the learning activity  
The learning activity was designing a carnival game, which incorporates probability. It 
was graded by one teacher in School A who had read through and understood the 
21CLD rubrics (21CLD, 2014). The learning activity was coded as 4. Students decided, 
created and tested their own carnival game without instruction. It is a real-world 
problem, as students were required to design the game for a real audience, i.e. their 
family members. Also, the activity required innovation, as they will have to conduct 
their own game in a stall during their school’s annual Family Day at the end of 
academic year. Figure 1 below shows and explains the activity rubrics for real-world 
problem solving and innovation dimension (21CLD Learning Activity Rubrics, 2012, 
taken from p. 22). 
 

 
Figure 1. Decision steps in real-world problem-solving and innovation dimension - 

Code 4 in learning activity (21CLD Learning Design Rubrics, 2012, taken from p. 22) 

It required innovation as students 
have to conduct the game during 
Family Day.   

Students used their knowledge in 
probability to create a carnival 
game. 

Students had to create their own 
carnival game. There were not 
instructed. 
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3.2 Outcomes of the carnival game design  
During the activity, students attempted to collaborate and solve the problem of 
designing and making the carnival game. Table 1 shows the grades awarded for each 
group according to various categories. All students who participated in the activity 
scored high for ‘Game’ with 3 points respectively and obtained various grades for 
‘Instruction.’ This could suggest that students were able to apply real-world problem-
solving and innovation skills as they managed to create a playable carnival game. 
However, students did not demonstrate good probability analysis. This could possibly 
show that students might understand the concept of probability but struggle to apply 
their knowledge of probability while designing their carnival games. In addition, all 
groups scored high in terms of ‘Neatness and Organisation’ with 3 points respectively, 
but performed below average in terms of ‘Group-Write Up’ with all groups scoring 2 
points or below. This could suggest that students had good organisation skills but were 
unable to communicate properly in writing. 
 
Table 1. The grades of each group according to Rubric of carnival game – maximum 
mark under each category was 4 marks 

 Group 1 Group 2 Group 3 
Game 3 3 3 
Instructions 3 1 2 
Group-Write Up 2 0 2 
Probability Analysis 0 2 0 
Neatness and Organisation 3 3 3 
Total (out of 20) 11 9 10 

3.3 Rubrics coding of student work  
After the learning activity, students work and performance were reviewed as a reflection 
of the learning activity effectiveness according to the 21CLD Program (21CLD, 2014). 
Figure 2 shows the student work rubrics for real-world problem-solving and innovation 
dimension and the expected criteria as the code level increases (21CLD Student Work 
Rubrics, 2012, taken from p. 22). Students’ work was coded as 2. Although students 
made an effort to solve a problem by completing the design of the carnival game, they 
did not apply their knowledge of probability to create a game which produced equally 
likely and unbiased outcomes. Hence, overall student work was coded as 2 according to 
the rubrics criteria. 
 
3.4 Individual pre- and post-test results  
This study also aims to demonstrate the effects of real world problem-solving and 
innovative teaching and learning activity on students’ achievement in probability. Their 
achievements are quantitatively represented by their pre- and post-test grades. The mean 
scores of students’ pre- and post-test are illustrated graphically in Figure 3. It shows the 
results of mean score among 9 out of 13 students in Class A. The test scores of 4 
students were invalid as they were absent for a test or for the learning activity. The 
mean pre-test score is 7.1 while the mean post-test score is 14.0. Students scored a mean 
of 6.89 marks higher in their post-test than their pre-test. The improvement of students’ 
scores suggests that there might be a positive effect of the real world problem-solving 
and innovative activity on their learning of probability. 
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Figure 2. Decision steps in real-world problem-solving and innovation dimension - 

Code 2 in student work. (21CLD Student Work Rubrics, 2012, taken from p. 22)  
Notes: ‘Box A’ indicates students’ main effort was to create their own carnival game. They managed to 
complete their own model without instructions provided. ‘Box B’ indicates students (Group 1 and 3) did not 
use their knowledge in probability to create the game. Therefore, the problem did not address a real-world 
problem and the solutions were not successful 
 
 In order to verify the students’ improvement of their scores, a paired-sample t-test 
was used to compare students’ scores of their pre- and post-test in probability as shown 
in Table 2. The null hypothesis states that there is no statistical difference between 
students’ mean scores of their pre- and post-tests. The intervention thus does not 
produce an effect on students’ achievement. Conversely, the alternative hypothesis 
states that there are statistical differences between students’ mean pre- and post-test 
scores. In other words, the effect of the intervention on students’ test performance is 
significant. The significance level is set at 0.05. The p-value between the mean score of 
students’ pre- and post-test is 0.001 (see Figure 3 and Table 2). We reject the null 
hypothesis and establish that the real world problem-solving and innovative activity of 
21CLD might produce a positive impact on students’ performance. Hence, this could 

  A 
  B 
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suggest that students can understand probability better when lessons incorporate the 
21CLD dimension of problem solving and innovation. 
 

 
Figure 3. Bar graph of students’ performance in pre- and post-test in Class A  

(* represents p < 0.05) 
 

Table 2. The comparison of pre- and post-test on Class A using t-test 

Mean Standard 
deviation T-value Degrees of 

freedom 
Significance  

(2-tailed) 

-6.88889 4.19656 -4.925 8 .001 

 
3.5 Teachers’ and students’ reflections  
As discussed previously, the influences of the learning activity did not seem to have 
directly affect students’ achievement in probability. Teachers’ and students’ feedbacks 
are needed to analyse qualitatively in order to understand how and identify the effects of 
real-world problem-solving and innovative activity on students’ achievement in 
probability.  
 
 According to two mathematics teachers in School A who had observed the lessons 
when the real-world problem-solving and innovation activity was held, positive 
feedbacks were received. For example, during the first lesson when the students 
discussed the planning of the carnival game, one teacher commented that “the group 
work is probably the strongest element” and “students were seen to ‘engage’ in each 
group.” This shows that students were involved in the group work. Another teacher 
commented that the small group activity was “facilitated well” and “good questions” 
were asked which led the students to think. 
 
 There was also feedback received from students. For example, two students reflected 
that they “enjoyed discussing the carnival game.” One student enjoyed how he 
“cooperated and worked in group” with other group mates. However, none of them 
mentioned any 21st century skills were developed. This shows that although students 
seemed to enjoy participating in the real-world problem-solving and innovation activity, 
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none of them reflected that they have developed any 21st century skills such as real-
world problem-solving and innovation skills. It is possible that students could gain some 
understanding of probability through active discussions with their peers. 
 
4. Conclusion 
In designing the real-world problem-solving and innovation activity, students were 
expected to use real-world problem-solving and innovation skills during the learning 
activity within a group and learnt to apply knowledge of probability during the activity. 
Hence, the learning activity was awarded code 4 by the 21CLD learning activity rubrics. 
When students participated in the activity, they made an effort to solve the problem. 
However, some of them showed limited attempt while others did not apply their 
knowledge of probability into the design as proven by the grading in each group and 
assessed by the 21CLD student work rubrics.  
 
 Focusing on students’ achievement in probability, a paired-sample t-test had been 
done and it proved that there is a statistical difference between the mean score on 
students’ pre-test compared with their post-test, with 6.89 marks improvement in the 
post-test compared to the pre-test. The pre- and post-test only assess students’ general 
understanding of probability. It is clear that students have developed understanding in 
the topic of probability. However, there is a lack of evidence showing that students can 
demonstrate real-world problem-solving and innovation to solve probability problems in 
a new context. The reflective journals written by the teachers and students support the 
idea that the real-world problem-solving and innovation activity proposed in the lesson 
seemed to make a positive impact in raising students’ interest in the activity but the link 
was not clearly shown. If the second cycle of the action research could be carried out, 
the results might strengthen the conclusions of this study. 
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