
UNIT 19/20 ANALYSIS OF 
STRUCTURED DATA 
Prepared for the Course Team by Judlth Calder 

CONTENTS 

Associated study materials 

Introduction 

1.1 D~fferent kinds of data 

Approaches to analysis 

2 1 Looklng at variables 

2.2 Two types of statistics 

Descriptive measures 

3 1 Measures of central tendency 

3.2 Measures of spread 

3 3 Measures of locatlon 

Inferential statistics 

4.1 Types of error 

4.2 Chi-square 

4 3 z and t tests 

4.4 Analysis of varlance 

Correlation and regression 

5.1 Correlation coefficients 

5 2 Slmple linear regression 

Multivariate analyses 

Tabular technques 
Extended example 

More on analysls of variance 

Regression technques 

Related multlvarlate approaches 
Log-linear analysls 
Dlscrlmmant analysls 

Factor analysts 

Final comments 

Answers to activities 

Further reading 

References 

Acknowledgements 



UNIT 19/20 ANALYSIS OF STRUCTURED DATA 

ASSOCIATED STUDY MATERIALS 

Offprints Booklet 4, 'How non-volatile 1s brainpower?', Electronics World and 
V%vless World. 

Offprints Booklet 4, 'How long does education last? Very long term retention of 
cognitive psychology', by Glllian Cohen, Nicola Stanhope and Martin Conway 

Offprints Booklet 4, 'Age differences in the retention of knowledge by young and 
elderly students', by Gillian Cohen, Nicola Stanhope and Martin Conway 

Statistics Handbook 

In addltion you will need the NUMERACY computer-asslsted learnmg disk and 
also use of FRAMEWORK 1s recommended. 

At the end of the unit there is an extended exerclse (Activity 15) to help prepare 
you for TMA 07. For this you will need: 

Audlo-cassette programme 'Analysmg structured data', 

Audio-visual Handbook, and 

OUSTATS disk and RECON data-file on the computer 
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1 INTRODUCTION 
By this stage in the course, you are probably wonder~ng just how much of what 
has been covered you will actually remember, and for how long You may be 
concerned about your recall of issues and facts, not just for the exams, but ~f you 
want to go on and use the knowledge and understanding gained from studying 
the course One vartable which is often assumed to affect people's memory and 
powers of recall is their age. During the 1980s a small group of academtcs at the 
Open University carried out research on memory, recall, and the effects of age on 
the retention of knowledge over time Associated wlth this unit is a set of three 
readings whtch report some of thelr work Although the readings are all reports of 
the same research study, they handle the findlngs in rather different ways. In this 
unit we will be drawtng on these readings as examples of the way tn which 
research which has produced structured data can be reported The particular 
aspect of the methodology on which we are focusing is data analysis. You may be 
familiar wlth Mark Twaln's aphortsm about 'lies, damned lies and statisttcs' By 
finding out what form of analysis uses what type of statistic and, importantly, how 
they might be interpreted, you will be able to 'give the he' to this somewhat jaun- 
diced view of a very useful and much misunderstood set of tools Do not forget 
that this unit is seen as two weeks' work, includ~ng the cassette-led exercise at the 
end, so you should have plenty of time to get to grips with some of the more 
d~fficult concepts which are mtroduced. 

I In presenting the ldeas and techniques of statistics I have tried, as far as possible, 
to keep the mathematical equations out of the main text. Instead they are supplted 
in boxes labelled 'Stats Pteces' It is worth trying to read them as they do add to 

! your understanding of the concepts A useful way of approaching thls unit might 
I be to read ~t once, fairly quickly, doing the act~vities but ignoring the Stats Pleces, 

then go back over it and see what a reading of the Stats Pieces can add to your 
understanding 

READING AND ACTIVITY I 

Scan the three readlngs associated w ~ t h  th~s un~ t  reproduced In Offpnnts Booklet 4, mak- 
Ing notes on the major sim~larltres and d~fferences between the art~cles In the way the 

l 

data are presented and the terms In wh~ch they are d~scussed Make a note of those parts 
you find particularly dlficult to  handle or Interpret Do not spend more than about 20 
mlnutes on thls actlvlty: 

A t  the end of thls un~ t  you w~ l l  be asked t o  go back over your notes to  see ~f any of the 
problems have been clar~fied 

I The three readmgs are: 

I 'How non-volatlle IS bralnpower?', Electron~cs World and W~reless World 

2 'How long does educat~on last? Very long term retent~on of cognltlve psychology', by 
G. Cohen, N. Stanhope and M Conway: 

3 'Age d~fferences In the retent~on of knowledge by young and elderly students', by G 

l Cohen, N Stanhope and M Conway 

l 

As you will have noticed, each of the readtngs is written for a different audience 
The reports differ in the amount and type of methodolog~cal and statlstlcal detail 

l which they present to the reader The report wrttten for the non-spectalist 
audtence has little techntcal detall, whereas those written for professional peers 
contain a great deal. It ts not necessary, however, to be able to carry out or to 
have a detailed knowledge of the mechanics of all statistical procedures tn order 
to be able to interpret the~r appropriateness and importance. Just as you can be a 
perfectly competent driver without understanding the detatled workings of the 

4 1 
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combustion englne or hydraul~c systems, so it is possible to read and use the 
output from statistical analyses without having a detailed knowledge of the math- 
ematlcs which underlie them I 

In a similar way, the rapid spread of computers and the accompanying increase In 
their memory and processing power now means that researchers are able to carry 
out data analyses involvmg long and complex formulae without actually knowing 
what the formulae are and without havmg to get directly involved in any of the 1 
calculations. This has both advantages and disadvantages The power of com- 

I 

puters has enabled researchers to start using very sophisticated techn~ques which i 
would previously not have been feasible At the same time, however, it means that 
it is very easy for techniques to be used inappropriately. Advanced techniques 
used on the wrong sort of data w~l l  produce output from the computer which 
looks impressive but wh~ch  1s meaningless. 

After having worked through this unit you should not only be in a pos- 
ition to read and understand a wider range of research papers and 
reports, but you should also be able to tell when conclusions may be sus- 
pect because of the inappropriate use of a particular form of analysis. l 

1.1 DIFFERENT KINDS OF DATA 

Data can be categorized into two types Some data such as time, temperature and 
length are examples of data which are continuous; that is, they can take values 
between whole numbers. So it 1s meaningful to say that a person is 36.33 years old 

l I 

for example Other data are only meaningful as whole numbers. In spite of the I 

predilection of newspapers for such families, you cannot have 2 4 children, for 
1 

example! So these data, which have gaps between them rather than running In a 
continuous range, are known as discrete data. Examples of discrete and continu- l 
ous data are shown in Table 1 

Table 1 Types of data and levels of measurement 

Level of measurement Discrete data Continuous data i 
Nominal 

Ordinal 

Interval 

Ratio 

Gender - 

Name of town 

Exam subjects 

Birth positlon In family - 

Exam grades 

Exam scores Temperature 

Family size Income 

Number of exam passes Age 

The amount of informat~on which data may give can vary considerably, and we  
can also categorize them by the kmds of mformation they yield and the kinds of 
calculations that can be done with them. In the first column of Table 1 you can 
see four levels of measurement listed Nominal data (somet~mes known as cate- 
gorical data for obvious reasons) give the least information, recording merely the 
name of the group or category to which an ind~vidual or item belongs. Occu- 
pational categories like miners, farmers, home helps, sheet metal workers, are a 
typical example of nominal data. 

Ordznal data (somet~mes called ranked data) ind~cate the rank order that some- 
l 

l , 
one or something holds, but gwe no mdication of d~stance between ranks. The l 

l 

fact that a child may be the second child in a famlly reveals nothing about dis- l 

tance in age from the older sibling, a youngster could be (say) 14 months or 14 
years younger than their older siblmg and stdl be the second child in the family 
Football league tables, social class groupings and GCSE grades are all examples of 
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ordinal groupings If one person has a GCSE grade C and another has a GCSE 
grade D, you know that the C grade is higher than the D grade, but not by how 
much Rating scales which use classifications hke 'very important', 'fairly import: 
ant', 'not very important', 'not at all important', produce ordinal data. 

In contrast, interval data may be used to calculate how far apart measures are - 
there are equal intervals or equal distances between each of the measures on the 
scale However, with interval data there is no absolute zero point Thus it 1s not 
possible to divide or to multiply one score by another. Measurements of tempera- 
ture are one example given of Interval data, where a temperature of 40°C cannot 
be divided by a temperature of 20°C to clam that 40°C is twice as hot as 20°C 
There is what is called a zero, at O°C, but this is merely a point of reference 
against which other temperature measures can be set Someone who scored 80 
per cent in an exam, will not necessarily be twice as good or know twice as much 
as someone who achieved a score of 40 per cent. In other words, you can specify 
the distance between the two data points, but not their worth in relation to each 
other. 

Finally, where we have ratzo data, we can draw conclusions about the relative 
size or worth of the data (hence the term 'ratio'). For example, a youngster with 
six GCSE grade C passes will have twice as many as someone with three grade C 
passes. A person's Income, regardless of the units in which it is measured, can be 
expressed as a ratio of someone else's So, for example, we can say that people 
earnlng 530,000 have twlce as much as people earning 515,000 

It will be apparent from these examples that it can sometimes be quite difficult to 
identify correctly the type of data that is being investigated. Statisticians have 
pointed out that, strictly speakmg, although data such as mtelligence, aptitude and 
personality tests have numerical scores attached to them, they are only ordinal 
data. They cannot be ratio data because there is no real or absolute zero. Nor can 
they be interval data because there is no guarantee that the values are equidistant 
However, they do  fulfil the requirements of ordinal data by indicating the rank 
order position of individuals For example, no one can have a zero intelligence. 
Not only that, but the apparent distances between two data points may not reflect 
their real dlfference Is the dlfference in IQ between 135 and 145 the same as the 
difference between an IQ of 65 and 75? Thus the criterion for ratlo data, of having 
a true and meaningful zero, is not met, and it is arguable as to whether the cri- 
terion for interval data, of having equal distances on a measured scale, is met 
either This last polnt is a weakness often found in data which are treated as inter- 
val. For example, ratlng scales usually have numbers attached to them which 
researchers tend to treat as if they were equidistant. For example 

Very important I 

Fairly important 2 

Not very important 3 

Not at all important 4 

The problem is that the 'real' distance between the ratings numbered 3 and 4 for a 
respondent may be much greater than the distance they perceive between the 
items numbered 1 and 2 The 'real' distances between each of the ratings may also 
vary from person to person. In theory, therefore, such data should be treated as 
ordinal data. Most researchers take a pragmatic approach, however, and continue 
with the practice of treating ratings and psychological tests as interval data 

One way of dealing with data which are difficult to 'type' correctly is through the 
use of models Scientists use models of weather systems to study the relationships 
between different factors in order to understand better what the contributory 
factors are. In the same way, statisticians produce statistical models based on 
their current understanding of a problem When they do  not quite work as expect- 
ed, they modify some of their assumptions. If the assumption of an interval scale 
does not work, then further analyses can be carried out on the assumption of an 
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ordinal scale. Over the years, reviews of the statistical evidence suggest that the 
assumption of equality of equal intervals withln rating scales is justified. But where 

l 
such assumptions are made, there is always the posszbilzty of m~sinterpretation of 
the data. The important point is to be clear always that there are different types of 
data, and that this will affect the type of analyses which can be used on them. l 

ACTIVITY 2 
See if you can thmk of four clear examples of each kind of data (nommal, ordmal, mterval 
and rat~o), from the three read~ngs assoc~ated with this un~t In Offprints Booklet 4 or from 
elsewhere. Take note of any kmd of data you find dfficult to class~fy l 

! 

My answen to act~v~t~es are at the end of the unit. 1 
l 
l 

l 

2 APPROACHES TO 
ANALYSIS 

2.1 LOOKING AT VARIABLES 

We have been discussing the fact that the level and type of data you are deallng 
I 

with can have a considerable influence on the type of analysis you are able to 
undertake A number of other criteria also play a key role In determming the 1 
approach whlch is used for the analysis, for example, the amount and type of 1 
unlts of analysis, the number of variables, the research deslgn, the sample design 
and sample size, and, most importantly, the research question(s). , 
Remember that the aim of analysis is to get information and draw conclusions 
from the data whlch have been collected In the piece of research being reported 
in the readings, there were 373 respondents. The researchers had to look at the 
results of a questionnaire and five different memory tests for each of these respon- 
dents and then draw general conclusions from them Many quantitative studies in 
education and the social sciences are much larger than thls, involving samples of 
thousands, wlth questionnaires of considerable length which collect data about 
hundreds of attributes and variables In order to draw conclusions from the data 
collected it is necessary to look for patterns in the data, to summarize and reduce 
the data and to look for relationships between different variables 

In general, one of the key points whlch must be established as early as possible is 
which of the variables are seen as being dependent and which as Independent. A 
variable is termed zndependent ~ f ,  for a particular research question, lt is hypothe- 
sized as being the cause of some effect on a dependent variable For example, if 
we hypothesize that a person's income 1s affected by their gender, then, for this 
research question, income would be the dependent variable and gender the inde- 
pendent variable The independent varlable is always the antecedent and the 
dependent variable the consequent. It would never be hypothesized that some- 
one's gender was In some way Influenced by their Income, for example! So in the 
question addressed in the third reading associated with this unlt (Cohen et al., 
199213) it 1s concluded that retention of knowledge from an undergraduate degree 
course in cognitive psychology (the dependent variable) is affected by the reten- 
tion interval (independent variable) and the grade originally achieved (indepen- 
dent variable) (see Figure 1) 


