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Background to CMM
• Cross-faculty statistical research group primarily 

based in Education where we are a Research Centre.

• Produce statistical software packages, MLwiN and 
StatJR with over 15,000 users.

• Also LEMMA online training materials with nearly 
20,000 users.

• Historically research funded by the ESRC via several 
programme nodes to a total of  more than £5M in 
the past 10 years

• See http://www.bristol.ac.uk/cmm/



Stat-JR

• A statistical package developed by the team at the Centre for 
Multilevel Modelling with colleagues at Southampton.

• Contains it’s own (MCMC-based) estimation engine.

• System based on the idea of a suite of templates where each 
template performs a specific operation.

• Also allows interoperability with other software packages, so 
for example might have a regression template that fits 
regressions using various software packages.

• The initial TREE interface runs in a web browser.

• There are also newer eBook and workflow interfaces.

• Several ESRC grants have enabled Stat-JR  to be written.



eBooks

+

= An electronic book is a book-

publication in digital form. 

In the US more books are published 

online than distributed in hard copy in 

book shops. 



Statistical (and Mathematical) eBooks

• The idea is can we incorporate statistical content into an 
eBook? Of course a statistical textbook is no different on 
paper to any other document when it comes to creating a pdf 
file (aside from maybe more equations!)

• The difference is in what ‘enhancements’ we can add and so 
the idea here is combining the text book with the statistics 
package i.e. interactive examples, allowing the user to include 
their own dataset etc.



Navigate through 
pages of eBook

Hierarchical table of 
contents (can be 
expanded / collapsed at 
each node)















Motivation for British Academy grant

• We ran a workshop demonstrating some of the new features 
in StatJR attended by John MacInnes and Rich Harris.

• In current ESRC grant we have been developing Statistical 
Analysis Assistants (SAAs) which are interactive eBooks that 
assist you with your analysis.

• As a start we considered automating simple operations.

• John and Rich thought an excellent addition would be using 
this for teaching and automated teaching material generation.

• The initial proposal was to do everything directly in StatJR but 
this got switched to creating the materials to use SPSS taking 
advantage of interoperability.



The end product – what the 
student gets

12 sets of practical exercises (pdfs) with 3 
components

1. Takes student through a particular statistical concept 
in detail, and how to implement it in SPSS, using a 
specific data example (learning component)

2. A worksheet that asks the student to try out their 
knowledge by applying the techniques to a second 
dataset or set of variables (practice component)

3. Solutions to the worksheet (self-evaluation 
component)



What the tutor gets

• The set of static practicals using our choice of data 
example (PISA data as no restrictions on access)

• Instructions to how to use the Stat-JR software to 
tailor the practicals to their own choice of 
datasets/variables

• Makes it quick and easy to 

– Create a suite of discipline-specific materials for teaching 
and learning

– Produce multiple versions of worksheets (with solutions) 
on different substantive topics or using different data 
sources



Work packages

The grant has 5 work packages:

1. Work package 1 consists of choosing topics and creating a single 
set of static practicals with solutions

2. Work package 2 consists of extending this to allow the materials to 
become dynamic and work with other datasets

3. Work package 3 consists of modifying StatJR to give QM teachers 
tools to customise the materials

4. Work package 4 consists of complementing the practicals / 
solutions with concept materials (learning component)

5. Work package 5 is demonstrating the materials to the community 
via a workshop



Work package 1

The list of topics is finalised as:

1. Describing categorical variables (summary stats and graphs)

2. Describing continuous variables (summary stats and graphs)

3. Tabulating data

4. Checking for normality

5. Two sample t tests

6. Paired t tests

7. Non parametric tests

8. Chi-squared tests

9. Correlation 

10. Linear Regression

11. ANOVA

12. Multiple Regression



Work package 2 (and 1)

• In practice we have constructed the dynamic materials first 
and from them used test datasets to construct static files 

• At this stage we have drafts of at least parts of all the 12 
practicals with a little bit of tidying required.

• In the next couple of slides we show a few screen shots to 
give an idea.

• Basically the practicals contain contextual text in terms of 
interpretation of the output but not the data context.

• When the materials are complete we intend to then construct 
a set of static materials using the PISA data and show how to 
add more data context.



British Academy Grant

Instructions

SPSS output

context specific text.



Work package 3

• The first two work packages are largely concerned with content 
construction whilst work package 3  involves improvements to 
StatJR specific to this grant. There are three main areas covered:

1) Better Interfacing with SPSS – initially it took 30 seconds per SPSS 
call to use system. Now once started most practicals can be 
constructed in under 10 seconds.

2) Improving the eBook writer interface – We will talk about in the 
next slide

3) Improving Exporting of eBooks to PDF for printing – initially the 
eBook interface was great for screen display but poor for printing. 
This has improved to keep SPSS outputs on single pages and to 
ensure they are rendered appropriately



eBook writer

The first stage is to choose the appropriate template – which aligns 

either with a full practical or a part of a practical and to choose a 

dataset

The QM teacher then chooses the particular inputs that correspond 

to the variables to be used in the practical.



eBook writer

StatJR then creates lots of objects including SPSS outputs, contextual 

text describing the outputs and blocks of instructions for using SPSS 

as illustrated below.

There is also a single combined output that puts these objects together



eBook writer

The QM teacher can then piece together the objects in turn as shown below: 

This allows them to add additional dataset specific contextual information 

and to construct practicals without solutions by omitting specific objects.



eBook writer

The other option is the instantly combined object that does the combining 

work for the QM teacher but is less customisable:



eBook writer

Finally in the eBook (DEEP) system we can see the final product and 

print to PDF file.



Current Practical 1

• Covers descriptive statistics and graphing of 

categorical variables

• Requires as input 2 categorical variables

• Tabulates the variables and explains percentages and 

missing data

• Plots bar charts for each variable separately

• Plots clustered bar charts for one variable clustering on 

the other

• Repeats this using percentages instead of counts



Current Practical 1 outputs



Current Practical 1 outputs



Current Practical 2

• Covers descriptive statistics and graphing of numerical 

variables 

• Requires as input 2 numerical variables

• Shows summary statistics and frequencies (may drop 

this) for the variables and interprets them

• Plots histograms for each variable separately

• Plots boxplots for each variable separately and 

explains how they are constructed.



Current Practical 2 outputs



Current Practical 2 outputs



Current Practical 3

• Covers tabulations of variables 

• Requires as input 2 categorical variables

• Produces a simple cross tab of the two variables and 

explains the numbers

• Covers percentages and shows what the 3 possible 

percentages in SPSS offer you – row percentages, 

column percentages and total percentages.



Current Practical 3 outputs



Current Practical 3 outputs



Current Practical 4

• Covers testing if a variable is normally distributed

• Requires just one variable as input

• Plots a histogram of the variables and interprets 

whether the histogram appears to be skewed or not.

• Then performs the Kolmogorov-Smirnov and Shapiro-

Wilks tests and explain output

• Finally shows a QQ plot and explains what to look for in 

terms of normality.



Current Practical 4 outputs



Current Practical 4 outputs



Current Practical 5

• Covers independent samples (2 samples) t tests

• Requires as input 1 response variable and 1 grouping 

variable (note template can do several at once)

• Practical runs the 2-sample t test in SPSS

• Then displays the summary statistics and the test 

tables that SPSS produces and interprets this output 

appropriately

• Practical also gives interpretive text as to how one 

would report the findings

• We intend to extend practical to include an error bar 

plot.



Current Practical 5 outputs



Current Practical 5 outputs



Current Practical 6

• Covers paired t tests

• Requires as input 2 variables to be tested via the 

paired test

• Practical runs the paired t test in SPSS

• Then displays the summary statistics, correlation and 

the test tables that SPSS produces and interprets this 

output appropriately

• Practical also gives interpretive text as to how one 

would report the findings

• We intend to extend practical to include an error bar 

plot.



Current Practical 6 outputs



Current Practical 6 outputs



Current Practical 7a and b

• Covers the non-parametric tests for unpaired and 

paired data

• First sheet covers Mann Whitney test and requires 

same inputs as 2-sample t test

• Second sheet covers Wilcoxon signed rank test and 

requires same inputs as paired t tests

• Templates call the appropriate tests in SPSS and then 

display the output tables with relevant interpretation.



Current Practical 7a outputs



Current Practical 7a outputs



Current Practical 7b outputs



Current Practical 7b outputs



Current Practical 8

• Covers the chi-squared test and follows on from the 

tabulations in practical 3

• Requires as input 2 categorical variables

• Tabulates the variables and explains expected counts 

(note can also cover percentages)

• Performs the chi-squared test on the data and 

interprets the output

• Needs finishing by adding some reporting guidelines



Current Practical 8 outputs



Current Practical 8 outputs



Current Practical 9

• Covers correlations (Pearson, Spearman and Kendall’s 

tau)

• Requires two variables to be compared (numerical or 

ordered)

• First plots a scatterplot to show relationship

• Also plots histograms and performs normality tests and 

QQ plots  to aid with choice of correlations

• Then performs each of the three correlations in turn

• Could be tweaked to only do one depending on earlier 

output .



Current Practical 9 outputs



Current Practical 9 outputs



Current Practical 10

• Covers simple linear regression

• Requires as input 2 numerical variables

• Shows summary statistics for both variables with 

interpretation

• Next does a scatterplot to look at relationship

• Then runs the regression in SPSS and interprets the 

tabular outputs

• Shows residuals and a histogram of them and a 

scatterplot of residuals against fitted values

• Finishes with a scatterplot this time with the regression 

line superimposed.



Current Practical 10 outputs



Current Practical 10 outputs



Current Practical 10 outputs



Current Practical 10 outputs



Current Practical 11

• Covers Analysis and Variance (ANOVA)

• Requires as input 1 numerical response variable and 1 

categorical predictor 

• Starts with a boxplot of the response for each category

• Next shows the equivalent error bar plot 

• Shows descriptives for each category

• Performs the ANOVA and shows output tables with 

interpretation

• Performs multiple comparison tests and shows an 

estimated marginal means plots.

• Finishes by identifying homogeneous subsets.



Current Practical 11 outputs



Current Practical 11 outputs



Current Practical 11 outputs



Current Practical 11 outputs



Current Practical 11 outputs



Current Practical 12

• Covers an introduction to multiple regression

• Requires as input 1 response variable and 2 predictor 

(numerical) variables

• Performs separate regressions for the 2 predictors

• Next performs a multiple regression for the 2 predictors 

together.

• Then shows how SPSS allows regressions to be done 

as a group

• Finishes with residuals, plotting a histogram and the 

residuals against each predictor in turn.



Current Practical 12 outputs



Current Practical 12 outputs



Current Practical 12 outputs



Current Practical 12 outputs



Work package 4

• The original plan in the grant was to construct concept materials 
using StatJR to supplement the students learning.

• An example of such a concept eBook is shown overleaf and we have 
others for summary statistics and other statistical tests.

• Given the switched focus to SPSS we propose to integrate the 
conceptual material within the learning component of each 
practical (so that conceptual understanding and software skills are 
developed side-by-side)









Work package 5

• For this work package we intend to run a workshop to 
demonstrate the system and get feedback. 

• The original timetable for this is month 21 or roughly Xmas 
time but we decided that presenting today would instead 
capture the same audience.

• We have also demonstrated aspects of the software to John’s 
group in Edinburgh who were enthusiastic and discussed the 
software and topics with colleagues at Bristol, Exeter and 
Cardiff.



Questions 

????????????


