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How Far Until It Stops?
Statistical enquiry task
Curriculum Level 5. Carrying out a multivariate data set investigation using the PPDAC enquiry cycle.
Introduction
This task uses data from a fictional study. The study was carried out in New Zealand by a group of people interested in vehicle and road safety. During the study, the vehicle stopping distances of numerous drivers, using a variety of makes and models of cars, on different road surfaces, were measured. Hundreds of measurements were taken over the course of the study. 
This task requires you to undertake a statistical investigation using a randomly selected sample from the fictional New Zealand Road and Vehicle Safety Study dataset. First you will pose two investigative questions that can be answered using the dataset. Then you will analyse the sample and form a conclusion for one of your questions.
Details of sample and variables
The table below shows a small part of the dataset that you will be using to complete the investigation and a description of the variables. Your teacher will give you a random sample of vehicle stopping distances from the New Zealand Road and Vehicle Safety Study dataset in electronic and hard copy form (Resource A). 
The sample in the dataset was randomly selected from the New Zealand Road and Vehicle Safety Study dataset. 
	Conditions
	Speed (km/h)
	Reaction distance (m)
	Braking distance (m)
	Total stopping distance (m)

	Wet
	40
	7.1
	17.5
	24.6

	Dry
	40
	5.9
	8.3
	14.2

	Dry
	50
	7
	12.8
	19.8

	Wet
	50
	17.2
	23
	40.2

	Wet
	40
	6.1
	13.7
	19.8





	Variable
	Measurement made

	Conditions
	Road conditions: Wet or dry

	Speed
	Initial speed before braking: 40 km/h or 50 km/h

	Reaction distance
	The distance travelled before applying the brakes, in metres

	Braking distance
	The distance travelled between applying the brakes and coming to a complete stop, in metres

	Total stopping distance
	Reaction distance + braking distance, in metres



The total stopping distance of a car can be broken down into two major components, the reaction distance and the braking distance. The reaction distance is the distance it takes for a driver to react to the need to stop and start to apply the brakes. The braking distance is the distance travelled from applying the brakes until the car comes to a complete stop. Braking distance depends on the characteristics of the vehicle and the road surface.
If you want to learn more about following distances when driving and how it relates to leaving enough space for your vehicle to stop suddenly if needed, you can use the free learn-to-drive resource Drive:
Following distances (Drive)
Task
As you carry out this task, you will use the statistical enquiry cycle (Problem, Plan, Data, Analysis, Conclusion) in the template provided.
You will be given feedback on the quality of your discussion and reasoning and how well you link this to the context.


How Far Until it Stops?
Carrying out a multivariate data set investigation using the PPDAC enquiry cycle.
Use the template below to guide you through the PPDAC enquiry cycle to complete the How far until it stops? task.

	Problem (kaupapa)

	Notes on what to include
	Understanding the context and the variables
This section is where you can keep notes on the context and the variables.

	After a discussion in groups or as a class you should note down anything about the context that you think will help you with the investigation. 
Some suggestions are given on the right. 

It is important to be clear on the population for the investigation. 
Get your teacher to check the population you’ve written down if you’re unsure.
	What affects vehicle stopping distances?
·  
·  

What questions do you have about the variables?


Population:



	Notes on what to include



	Writing potential investigative questions
Pose two investigative questions that can be explored using the data from the New Zealand Road and Vehicle Safety Study dataset. See the Introduction for part of the data and a description of the variables. 
For each question, state the variable you are investigating and the groups you are comparing. 
Use the checklist to make sure you meet the criteria for the question. Your teacher will also check your questions.

	Writing questions:
Your investigative questions must be comparison questions. 
A suitable comparison investigative question:
· is about the population
· has a clear continuous variable to investigate
· compares the values of a continuous variable across different categories (groups)
· uses the idea of tendency
· includes direction e.g. heavier/longer/smaller/slower
· can be answered with the data.

General structure of the question:
Do the continuous variable for group 1 from the population tend to be further/faster/smaller (etc) than the continuous variable for group 2 from the population?

Example of a good investigative question:
Do the travel times for students who travel to school by bus from Waiwhetu College in 2023 tend to be longer than the travel times for students who walk to school from Waiwhetu College in 2023?

Useful comparison words:
Further, longer, shorter

	Question 1

Do the…


	Student
check
	Teacher
check
	Criteria

	
	
	Is about the population (population is given twice in the question).

	
	
	Continuous variable identified.

	
	
	Groups identified.

	
	
	Tendency is included.

	
	
	Direction is included.

	
	
	Can be answered with the data available.

	
	
	Follows the general structure of a question given on the left.



Continuous variable you are investigating:

Groups being compared: 

Question 2
Do the…






	Student
check
	Teacher
check
	Criteria

	
	
	Is about the population (population is given twice in the question).

	
	
	Continuous variable identified.

	
	
	Groups identified.

	
	
	Tendency is included.

	
	
	Direction is included.

	
	
	Can be answered with the data available.

	
	
	Follows the general structure of a question given on the left.



Continuous variable you are investigating:

Groups being compared:

After your teacher checks your questions, choose one of them for your investigation and write it in below.

	Notes on what to include
	Confirmed question for the investigation
Write the final investigative question approved by your teacher below. You should also give a hypothesis for what you think the findings will be.

	· What do you expect the answer to your question will be?
· Can you use your knowledge of the context and variables to explain your hypothesis?
	Investigative question (from above):


Hypothesis
I expect that my investigation will find that…


Because…



	Plan (whakamahere) and data (raraunga)

	The data provided is a random sample from the New Zealand Vehicle and Road Safety Study dataset and therefore can be considered representative of all the data collected in the New Zealand Vehicle and Road Safety Study.

	Analysis (tātari)

	Notes on what to include
	Graphs and summary statistics
Using statistical software, draw a box and whisker graph and a dot plot to show different features of the data in relation to your investigative question.
Give appropriate summary statistics.

	· The sample distributions for the two groups should be shown on the same graph.
	Graphs: (copy and paste)

















Summary statistics: (complete the table below or copy and paste from the software)
	Groups
	Minimum
	Lower quartile (LQ)
	Median
	Upper quartile (UQ)
	Maximum
	Sample size

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Units:
Metres (m)

	Notes on what to include
	Analysing your sample distributions
Start by annotating your graphs or making some rough notes about what you see in the sample distributions. 

	What features do you notice in the graphs of the sample distributions?

Features of the graphs you can look for:
· overlap
· shift
· middle 50%
· spread
· shape
· unusual or interesting features
	Brainstorm of features you notice: (you can note them down or annotate your graphs above)
·  
·  
·  
·  






	Notes on what to include
	Analysis statements:
Use these three prompts to write your statements:
· What did you notice? (e.g. the box for 50 is higher than for 40)
· Add in statistical terms (e.g. middle 50%), groups (e.g. initial speed of 40 km/h and 50 km/h), variables (reaction distances).
· Add in the evidence (values and units)
Aim for 3-5 statements. You don’t need to write about all the features. The notes on the left will help you write the statements. Give evidence/values to back it up your statements. 

	Good analysis statements:
· are comparative (discuss both groups’ distributions)
· refer to the groups (e.g. Dry and Wet conditions) and the variable (e.g. reaction distances).
· use correct statistical terms
· provide evidence/values (with units) to back up your observations from the graphs and summary statistics.

Useful descriptive and comparison words:
Overlap of middle 50%:
· A small amount/ a lot/ some/ no overlap of the middle 50%.
· Give the values of the quartiles that define the overlap.
Shift
· Shifted (much) further up/down the scale/ no shift along the scale.
· Give the values of the LQ and UQ for each group.
Middle 50%
· Median for A is positioned outside/inside of the middle 50% of B
· Give the values of the medians and the quartile value of the other group to describe its position.
Spread
· Larger/ smaller/ similar spread for the middle 50% of A and B
· If one is larger, how much approximately? Twice? 1.5 times?
· Use the interquartile range (IQR) as evidence.
Shape
· Similar/different
· Right/left skew, normal, clusters, bimodal, uniform, peak, symmetrical
· Give values which support the description of shape e.g. centre of normal curve, position of modal groups/clusters/peaks.
Note: samples may not be large enough to make observations about shape. What you see may just be due to sampling variability. 

Unusual or interesting features
· Much higher/lower value
· Give the values for any interesting or unusual features.

If possible, use knowledge of the context to explain what you notice
“I wonder if this is because…”
	I notice in the sample that…



I notice in the sample that…



I also notice that in the sample….






	Notes on what to include
	Sampling variability
Describe what you would expect to see if a new random sample was taken from each of your two groups from the population. 

	Your sampling variability statement should consider the following ideas:
· How might the graphs and summary statistics change if a new sample was taken?
· What does this mean for the IQR and the position of the middle 50% of values for each group?
· What would you expect to see if you repeated the process many times?
	If a new random sample was taken from the New Zealand Road and Vehicle Study, I would expect to see…


If I repeated the sampling process many times, I would expect to see…


	Conclusion (whakatau)

	Notes on what to include
	Writing your conclusion
Start by repeating your investigative question from above. Then answer your question about the population using the analysis above, justifying your conclusion. 

	Your inference is made by looking at the position of the medians relative to the middle 50% of the other group.

If the median of group 1 is outside the middle 50% of group 2:
· I am pretty sure I can make the call that…
If the medians of both groups fall within the middle 50% of both groups:
· My analysis does not allow me to make a call that…
Your evidence for your inference (the answer to your question about the population) is justified based on the positions of the medians compared to the middle 50% of the other group. 

Your inference must include:
· the population in full
· both groups
· the variable
· tendency
· uncertainty (I am pretty sure that…)

	My investigative question was (copy and paste from above):


EITHER:
I am pretty sure I can make the call that…. 
OR 
My analysis does not allow me to make a call that… 

This is because…

	Notes on what to include
	Reflection
In this section you integrate your knowledge of the context and the statistical enquiry cycle to reflect on the findings of your investigation.

	Start by reflecting on if the claim/inference you have made seems reasonable based on what you know about the context of vehicle stopping distances. This may include you connecting it to the 2-second or 4-second following distance rules.
Then select 2-3 of the questions below to include in your reflection section:
· Are there any other factors which might explain the difference I see?
· Why would one of your friends who is learning to drive be interested in this investigation?
· What organisations might be interested in these findings and why?
· What limitations are there in this study when applying the findings to real world driving conditions?
You could consider what other questions this investigation generated based on wonderings you now have. 
· Write another question that you could explore and describe what data would need to be collected to answer this question.
· It needs to be a meaningful question that adds insight into your original investigation.
· It could include variables that are not already provided in the original dataset and how they would be measured/collected.
· You need to explain how it connects to your original investigation and provides additional insight into the problem.
· Enough detail needs to be provided so that someone could plan an investigation based on what you have described. 
· You don’t have to carry out this investigation.
You can add in other reflections based on the context of vehicle stopping distances and PPDAC statistical enquiry cycle. 
	EITHER:
The claim above makes sense to me because…. 


OR 
My findings surprised me because I had expected…  





Resource A – How far until it stops? 
Dataset
	Conditions
	Speed
	Reaction distance
	Braking distance
	Total stopping distance

	Dry
	40
	6.5
	7.6
	14.1

	Dry
	40
	6
	8.6
	14.6

	Dry
	40
	5.9
	9
	14.9

	Dry
	40
	8.2
	9.3
	17.5

	Dry
	40
	5.9
	8.3
	14.2

	Dry
	40
	6
	8.3
	14.3

	Dry
	40
	7.2
	9.3
	16.5

	Dry
	40
	7.9
	7.4
	15.3

	Dry
	40
	5.7
	8
	13.7

	Dry
	40
	14.2
	9.7
	23.9

	Dry
	40
	7.4
	9.9
	17.3

	Dry
	40
	7
	7.2
	14.2

	Dry
	40
	7.7
	9.3
	17

	Dry
	40
	7
	12.5
	19.5

	Dry
	40
	6.2
	11.4
	17.6

	Dry
	50
	12.4
	15.6
	28

	Dry
	50
	18.2
	14.3
	32.5

	Dry
	50
	9.3
	15.4
	24.7

	Dry
	50
	9.4
	14.8
	24.2

	Dry
	50
	6.4
	13.4
	19.8

	Dry
	50
	10.2
	15.5
	25.7

	Dry
	50
	9.8
	16.6
	26.4

	Dry
	50
	7
	13.9
	20.9

	Dry
	50
	8.2
	12.3
	20.5

	Dry
	50
	7
	12.8
	19.8

	Dry
	50
	6.6
	17.7
	24.3

	Dry
	50
	7.5
	13.2
	20.7

	Dry
	50
	6.9
	14.7
	21.6

	Dry
	50
	9.2
	16.5
	25.7

	Dry
	50
	6.4
	16.3
	22.7

	Wet
	40
	6.3
	14.6
	20.9

	Wet
	40
	7.8
	14
	21.8

	Wet
	40
	5.9
	15.1
	21

	Wet
	40
	9.3
	11.8
	21.1

	Wet
	40
	6.1
	13.7
	19.8

	Wet
	40
	6.7
	16.8
	23.5

	Wet
	40
	7.1
	17.5
	24.6

	Wet
	40
	6.6
	17.8
	24.4

	Wet
	40
	12.4
	17.5
	29.9

	Wet
	40
	8.1
	23.6
	31.7

	Wet
	40
	6.8
	22.3
	29.1

	Wet
	40
	6.8
	22.3
	29.1

	Wet
	40
	7.3
	16.2
	23.5

	Wet
	40
	8
	16.7
	24.7

	Wet
	40
	10.7
	18.9
	29.6

	Wet
	50
	6.1
	16.9
	23

	Wet
	50
	7.5
	24.8
	32.3

	Wet
	50
	11.8
	32.2
	44

	Wet
	50
	8.2
	30.3
	38.5

	Wet
	50
	6.2
	26
	32.2

	Wet
	50
	10.5
	24.5
	35

	Wet
	50
	9.7
	29.4
	39.1

	Wet
	50
	10.1
	27.8
	37.9

	Wet
	50
	9.7
	26
	35.7

	Wet
	50
	11.2
	21.8
	33

	Wet
	50
	7.1
	30.1
	37.2

	Wet
	50
	17.2
	23
	40.2

	Wet
	50
	8
	18.3
	26.3

	Wet
	50
	9.1
	28.3
	37.4

	Wet
	50
	8.9
	24.2
	33.1
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