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Statistical reasoning is an essential field in statistics education, but its assessment has yet to be fully established in Malaysia, 
especially in terms of alternative assessments. This study has been conducted to refine an initial technology-based statistical 
reasoning assessment tool from Chan and Ismail's (2014) study in descriptive statistics for upper secondary school students. 
The assessment tool was constructed upon five levels of statistical reasoning from Garfield's (2002) model and four 
constructs from the framework of Jones et al. (2000). The content validity and inter-rater reliability of this assessment tool 
were measured. 10 upper secondary students participated in a task-based interview using this assessment tool. Amendment 
was made after the first task-based interview to refine the assessment tool to become more reliable and realistic in assessing 
the statistical reasoning ability among secondary students. 
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1. INTRODUCTION 

Assessment plays a vital role in both teaching and 
learning (Lau et al., 2011). According to Muirhead 
(2002), the term 'assessment' refers to the collection of 
information concerning the achievement of students to 
determine their progress. Despite statistics education's 
gradual shift from traditional assessment to alternative 
assessment, the assessment of statistical reasoning is still 
at its infancy in Malaysia. In addition, it has been found 
that the elements of statistical reasoning have remained 
largely underexposed in the Malaysian mathematics 
textbooks; most of the existing problems in the textbooks 
are routine, traditional, and close-ended problems. 
Although there are some statistical reasoning assessments 
available in the market, they are not suitable for 
Malaysian secondary students because not all topics have 
been covered. Such holds true for topics such as causation 

 m mail Address: ~~~han@,u th~n .edu ,my  
and correlation in the Statistical Reasoning Assessment 

(SRA). Moreover, some assessments fall short in meeting 
the modern education development since the questions 
are still mostly truelfalse and multiple choice questions 
(Wang et al., 2012). Hence, an alternative assessment of 
statistical reasoning is required to gauge students' 
reasoning, discuss their ways of thinking, and support 
their judgments and conclusions (Garfield and Ben-Zvi, 
2008) as well as to encourage more efficient learning and 
teaching practice (Lin & Lai, 2013). 

With rapid development of information and 
Internet technologies, the integration of computers in 
academic assessment is becoming increasingly popular 
(Lau et al., 2011) to complement traditional methods. 
Earlier studies also proved that the usage of computer can 
improve the assessment process (Eyal, 2012) and develop 
students' statistical reasoning (Chan and Ismail, 2012). 
Various types of technological tools can be used in the 
statistics classroom such as Minitools, TinkerPlots, 
graphing calculator, and so on. In this study, the 

1 Adv. Sci. Lett. Vol. 21, No. 7,2015 1936-6612/2015/21/400/008 doi: 10.1166/as1.2015.6273 







4.4 AMENDMENT OF ITEMS FOR ANALYZING 
AND INTERPRETING DATA 

The researchers inoved one of the initial items of 
A1 (making comparisons within the same data set) to A2 
(making comparisons between two different data sets), 
i.e., 'Compare the results in Question 15 with Question 
14. What do you observe? Explain why.' This was done 
since they were not the same data set, but two different 
data sets after the two additional students were added in 
the data. Moreover, some items were altered by adding 
the phrase 'Explain why' wherever the students had to 
provide their reason. For example, for the question 'Are 
there any similarities or differences between the two 
graphs produced on the computer? Explain why', the 
students asserted the similarities and differences between 
the two graphs and then gave their rationale. 

5. DISCUSSION 

An initial technology-based statistical reasoning 
assessment tool was constructed with its content validity 
and inter-rater reliability measured in Chan and Ismail's 
(2014) study. After that, it was revised after the task- 
based interview. Such had increased the credibility or 
trustworthiness of this assessment tool for assessing 
secondary students' statistical reasoning. 

Although mathematical reasoning is within the 
Malaysian secondary mathematics curriculum, it is not 
being widely practiced and has failed to develop the 
reasoning ability among the students. As we can observe 
from the TIMSS results, the average score of Malaysian 
students for the items of reasoning had decreased greatly 
from year 1999 to 201 1. This is due to the fact that most 
of the questions in Malaysian mathematics and additional 
mathematics textbooks have focused too intensely on 
calculation and procedural skills. Hence, statistical 
reasoning ought to be integrated into the assessments in 
order to enhance students' statistical reasoning. This 
problem is overcome by developing a statistical reasoning 
assessment for secondary students. 

The newly constructed technology-based statistical 
reasoning assessment tool is unique and different from 
any textbook and other traditional assessments. First of 
all, this assessment tool is more advanced than other 
traditional assessments since it involves the usage of a 
technological tool - the GeoGebra spreadsheet. The 
features of information technology are not commonly 
found in a textbook; the students have to draw the 
graphical representation manually. Secondly, the 
questions used in this assessment tool are non-routine, 
non-traditional, and are open-ended, which can help to 
augment statistical reasoning. On the contrary, in 

median other than finding their values. Thirdly, this 
assessment tool has integrated three statistical reasoning 
altogether, which are the measures of central tendency, 
variability, and distribution. These three statistical 
reasoning are generally taken as three different topics and 
are taught separately in a statistics classroom. As such, 
many students have failed to see their interconnections 
(Garfield & Ben-Zvi, 2007), but this can be overcome by 
combining them together in a meaningful manner. 
Fourthly, three out of the five tasks in this assessment tool 
contained real data. In the textbook, most of the data are 
usually contrived. By using real data, the students are able 
to relate the concepts more realistically to their daily 
lives, and thus are more driven to actively interact in the 
activities where they investigate, and analyze the data; 
consequently, this deepens their understanding on 
statistical ideas (Ben-Zvi, 2004). Finally, when students 
are introduced to new graphical representations like box 
plot and stem and leaf plot in a more comprehensive 
manner, the students will become more aware of different 
ways to meaningfully present their data graphically. 

In future studies, the research community can use 
the refined technology-based statistical reasoning 
assessment tool for different grade levels to compare and 
contrast their statistical reasoning ability. Also, it can be 
applied to different schools, gender, country, and cultural 
and educational background. Nonetheless, the topics in 
this assessment tool ought to be expanded to inferential 
statistics, probability, and other relevant topics. Besides, 
instructors ought to be given ongoing professional 
development training on how to employ the GeoGebra 
software. This is to ensure that they are well-prepared and 
well-equipped before teaching their students. 

6. CONCLUSION 

To conclude, an initial technology-based 
statistical reasoning assessment tool in descriptive 
statistics was refined. The refined technology-based 
statistical reasoning assessment tool in this study has 
contributed notably to the statistical reasoning area. 
Future investigations should be continuously carried out 
in order to improve the statistical reasoning framework 
along with this assessment tool. 
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