
Critical Thinking With Data - Lecture Notes 

Introduction to Critical Thinking 
Mental activity is often habituated, ritualised or passive. One can read, write, listen and speak 
uncritically. Critical thinking actively evaluates meaning, requires a willing and open disposition, 
knowledge of methodologies, the skills to apply them and deliberately evaluates the quality of 
thinking itself.  

Critical thinking is a way of being in the world, requires self awareness and insight, uncovers bias, 
prejudice, hidden assumptions, fraud; is predicated on an ethical orientation (valuing the truth), 
persistently examines and tests ideas.  

Critics work in art, restaurants, film, theatre and music. Criticism is important in politics, culture 
and society. But colloquially, ‘critic’ has two interpretations: 
 1. A person who offers reasoned analysis. 
 2. A person who disagrees with or opposes something.  
Critical thinking can be applied in many contexts, such as economic thinking and statistical 
thinking. 

Critical thinking with data deals with quantitative information (numbers), it arises from a serious 
attempt to measure something. Quantifying increases accuracy, precision and clarity and is 
pervasive in all disciplines and in real life.  

Case Study 1 - Test-Enhanced Learning 
Researchers from Washington University in St Louis conducted experiments where students were 
asked to read a passage of text. Students then either took a free-recall test or restudied the material. 
All students took a final recall test after 5 minutes, 2 days and 1 week. Immediate recall was greater 
in the group that restudied the material, but the students who took an initial test had greater longer 
term recall.  



Data Quality 
Data quality involves anecdotes, intuitions and evidence. This includes: 
 - Motivation for the benefits of good quantified evidence. 
 - Illustration of the use of powerful visual displays for evaluating evidence. 
 - The role of quantitative evidence in resolving big questions.  
 - Critiquing of media accounts of research findings and data-based reports.  
 - Development of an understanding that intuitions about data and random processes can be  
 faulty.  

Case Study 2 - Ribena’s Inaccurate Vitamin C Content 
Testing by Anna Devathasan and Jenny Suo revealed Ribena’s Vitamin C levels; high school 
science experiment by two 14-year old girls has embarrassed the second-largest food and 
pharmaceutical company.  

When it came to measuring the Vitamin C content in children’s drink, GlaxoSmithKline got it 
wrong. Statements claimed that the testing method used was unreliable and were unaware at the 
time; they stated that there was four times the amount of vitamin C in Ribena than in orange juice, 
which was incorrect. In fact, Just Juice claims to contain a minimum of 99% orange juice.  

Anna’s and Jenny’s critical thinking involved: 
 - Considering a quantitative claim.  
 - Collecting data to address the claim.  
 - Making comparisons to investigate the claim. 
 - Presenting the results in a simple graphical way.  
 - Communicating their findings to the right audience.  



Case Study 3 - Death Toll in Iraq  
On 20 March 2003, an American-led invasion of Iraq began. US forces were supported by troops 
from Great Britain, Australia, Denmark and Poland. The last foreign troops finally withdrew from 
Iraq by late December 2011. The invasion has had military and civilian casualties. However, what 
was the human cost of the war in Iraq?  

Some other critical questions about the war to consider is: 
 - How many civilians have died because of the invasion of Iraq? 
  - Is the meaning of the question clear? 
  - What are the possible motives for asking such a question? 
  - Can you think of how you might go about answering this question?  

Possible motives of answering this question includes: 
 1. Influence public opinion one way or the other. 
 2. Help direct assistance and compensation efforts.  
 3. Help assess if the war is ‘worthwhile’.  
 4. Help military planners minimise the death of innocents in future wars.  
 5. To honour, remember and pay respect to those who have lost their lives.  
 6. To record history so others can learn from it.  

Possible methods of assessing civilian deaths include: 
 1. Conduct a census of the whole population. 
 2. Use official government records of deaths.  
 3. Collate media reports of civilian deaths.  
 4. Survey households.  
 5. Survey morgues and cemeteries.  

The Iraq Body Count maintains and updates a public database of violent civilian deaths during and 
since the 2003 invasion of Iraq. It encompasses non-combatants killed by military or paramilitary 
action and the breakdown in civil security following the invasion. Data is drawn from cross-
checked media reports, hospital, morgue, non-Government organisations and official figures.  

The Body Count estimate as at September 2006 was 43,491 to 48,283 deaths (at February 2014, 
121,331 to 134,564); the range reflects slight variations in the verification of the deaths.  

In 2006, a survey was conducted by researchers at the Johns Hopkins Bloomberg School of Public 
Health, Baltimore USA and the School of Medicine, Al Mustansiriya University, Baghdad, Iraq. 
This first Iraq survey will be referred to as the ‘Johns Hopkins’ survey. It was a cluster sample 
survey of 1849 Iraqi households and estimated 655,000 (393,000 to 943,000) excess Iraqi deaths as 
a consequence of the war to June 2006.  

It shows that the study indicated that the war was blamed for 655,000 Iraqi deaths, and a headline 
for an open letter signed by prominent Australian researchers was ‘The Iraq deaths study was valid 
and correct’.  

On 11 January 2008, however, another study was released, using similar methods to the Lancet 
study, but with a larger sample size. Its estimate was 151,000 civilian deaths to June 2006, with an 
interval of uncertainty from 104,000 to 223,000. It was carried out by the World Health 



Organisation, and one of the researchers was killed during the research. This raises some serious 
questions: 
 1. Who to believe? 
 2. How do we make our own judgement? 
 3. What do we need to know? 
 4. Why is there so much debate?  

Case Study 4 - Gender Bias in Science 
Two independent studies were conducted to assess whether there was differential hiring of males 
and females in STEM. In both studies, hypothetical candidates were randomly assigned a gender in 
their job application, unrelated to their suitability for the position. One study found a 2:1 preference 
for female applicants; the other rated the male applicants as more competent, more hireable and 
offered them a higher salary. Some design differences between the two studies included: 

This study raises some questions: 
 - Could both studies be accurate? 
 - How important are each of these design differences? 
 - What else do we need to know? 
 - What can we conclude?  

To consider the data quality of a study, the following are questions to consider: 
 1. Who funded the research, and who carried it out? 
 2. Who collected the data, and what contact did they have with their participants? 
 3. Who were the participants, and how were they selected to be part of the study? 
 4. How was information obtained from the participants? What kind of questions were asked? 
 5. Broadly, in what circumstances was the information obtained? What was the setting? 
 6. What kind of influences might there be on the information obtained? Are there biases? 
 7. What information does the study provide? What kind of conclusions can we draw? 
 8. How clearly are the results summarised and communicated?  

Case Study 5 - Bishop Queries of Poverty Study 
Federal Education Minister Julie Bishop challenged the validity of a survey that found student 
poverty has worsened dramatically this decade. In an interview with The Age, Ms Bishop described 
a report by lobby group Universities Australia - which found nearly one in four undergraduates took 
out loans last year to cover basic living costs - as anecdotal and questioned whether the students 
answered truthfully.  

Ms Bishop’s criticism preceded Universities Australia releasing the final report on its survey of 
nearly 19,000 students’ finances. It found the plight of indigenous students was particularly bad, 
with one in four sometimes unable to afford food and other necessities, compared with one in eight


