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I woke with a knot in my gut: something wasn’t right and my sleeping body sensed it before my 
waking brain. Alice wasn’t in the bed. During the week she was up and out before me, but today 
was Saturday and she never got up early on the weekend. Perhaps she couldn’t sleep and had 
decided to get up, but the bedroom was a tip: and Alice, even if half asleep, moved within our 
apartment like a ghost unable to disrupt the objects around her. Alice wouldn’t leave the room in 
this kind of state. I jumped out of bed and rushed around the apartment. It confirmed what I 
already felt: Alice was gone and something wasn’t right. Her clothes were gone, her possessions 
were gone, and every photo of Alice and me that we beamed from our stars onto the walls of our 
apartment was gone. Our home had been stripped of everything that made it our home.

I went to call her Proteus, but she wasn’t in my contacts and neither were her family or any of 
her friends. Their details weren’t in my history and of course I had no idea what their numbers 
were: like everything else, I had them stored on my star, never thinking to store them in my own 
memory. ‘In loving memory of my memory indeed,’ I thought as I tried in vain to make my diePad 
take me somewhere where I could find her number. I found the number for the Beimeni Centre 
of Genetics, where she worked, but they told me that no one by the name of Alice Nightingale had 
ever worked there. Alice had been wiped from the planet.

As I was losing hope, I realized that her contact details would be in a document somewhere: 
something from her bank, or her work: you can’t do anything official without putting down your 
number. I logged into our constellation but her star was gone. I checked my own and there 
amongst the digital flotsam and jetsam of our life was a glimmer of hope: our rental agreement 
for the apartment. My hands shook with nervous hope as I opened the file. It was there, in digital 
black and white: her Proteus number. I quickly dialled the number, fantasizing about her answer-
ing, her exasperated tone as she explained that she’d gone to get us breakfast, and her confusion 
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at why I was fussing about her not being there. The fantasy came to an abrupt halt as my screen 
told me that the number had never existed.

The Head would know what to do: he knew everything. I opened my pocket watch, and expectantly 
awaited The Head’s colourful entrance. As his face solidified, he yawned, ‘Hey, Z, early doors?’ He span 
through a slow circle, frowning, as though trying to get his bearings. ‘This place is Caspered.’

He was right, the apartment felt eerie. I didn’t feel the lump in my throat until I tried to talk 
to him. ‘Where’s Alice?’ I croaked.

The Head whizzed around as he always did when he was checking whatever information 
sources it was that he checked. The spinning stopped suddenly and he looked serious. ‘I don’t 
know.’ The hours I’d wasted trying to think up a question that The Head couldn’t answer and I’d 
finally found one.

‘Have you checked the street cameras? Police records? Tracked her Proteus? Looked at security 
camera footage? In the movies, they can find people.’

‘Let me say something that might shock you. Prepare yourself, because, I fear this is the piece 
of knowledge that pushes you over some kind of mental edge. The … movies … are … not … real.’ 
His eyes bulged as he said real, as though he was carefully inspecting my sanity.

What the frip? ‘I … am … not … an … idiot,’ I replied, emulating his bulging eyes. We stayed 
locked in a bulgy-eyed stare until The Head snapped out of it with a beaming grin.

‘I’m glad, because for a moment there, Z, I thought you had forgotten that since the ID chips, 
we don’t have street cameras, that the police don’t keep track of every person’s movements each 
day, that security cameras are, like, you know, secure, so any old Head can’t just go looking at 
them, and that if someone doesn’t activate their Proteus tracking then I stand more chance of 
tracking a fish on the other side of the Earth than I do of tracking them.’

Perhaps I was an idiot after all, but there must be something he could do − he must have access 
to something? The Head must have sensed my deflation. ‘Look, I Sherlocked her good and proper. 
I searched more than 25 billion sources and your Alice Nightingale does not exist, so that woman 
doesn’t want to be found, someone doesn’t want her to be found, or she never existed.’

‘Of course she exists − I was with her last night, you saw her last night?’
‘I did, but every piece of information I examined tells me that I couldn’t have.’
This was spooks; too frippin’ spooks. The Head’s words made me doubt myself. I felt alone and 

I wished my parents were still here. Alice is all I have, or had, and perhaps I never even had her? 
I was proud of being a Clocktorian, but right now it sucked. Half the world was instantly con-
nected through these stupid chips in their heads and I couldn’t access any of them. 

I called Nick, the drummer in my band and my oldest friend. Nick and I met on my first day 
of school at the age of 4 and we’ve grown up together. Apart from the band, we hang out down at 
the Elpis Repository, sharing music and talking batticks. The Repositories were built by the WGA 
after the Reality Revolution to house vast underground physical collections of art, literature, 
music and film. They became the social hub of the city: people rediscovered the joy of experiencing 
music and films together, the debate that followed and the social connection that was lost by 
experiencing everything in a virtual world. Since the chipping began, though, memoryBank has 
offered a seemingly irresistible urge to catalogue life instead of living it; the Repositories have 
fallen silent. Many Clocktorians enjoy the solitude that the Repositories now offer, but I enjoy 
being there with a friend. For years that friend was Alice, but her interests lie elsewhere now and 
Nick is my regular companion.
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Right now I needed Nick not just as a friend but because he was a Chipper – he had volunteered 
to have the chip so that we could promote the band using memoryBank. Nick is our connection to the 
Chipper’s world; our lifeline beyond Elpis. I told Nick everything that had happened; he put the word 
out to our fans on memoryBank, with the tag #NightingaleFlyHome. He’d known Alice as long as I 
had, and he reassured me that if she didn’t exist then he’d been imagining her too for the past 10 years.

When I got home and told The Head what Nick had said he adopted a look of pity, ‘You’re miss-
ing the obvious and you’re not going to like it … She’s left you, and she doesn’t want to be found.’

As my mind spiralled I was drawn to the song that had been playing on repeat in the apart-
ment since I had got up. It was ‘Faith in Others’, the final song from the album that Alice had been 
playing last night. It instinctively made me think of Alice, of our youth, of our evenings in the 
Repository years ago. As the song repeated, the lyrics came into my mind; they were words I had 
once known by heart: 

The grave of our youth is up ahead
And life has become a burden
We move in circles of suppressed despair
Waiting for the sun
And turning stones to find evidence
But it hides in the recesses of our hearts19

Were these words a message from Alice? As I thought about them I feared the worst. Was ‘The 
grave of our youth is up ahead’ suggesting that we had grown up − that our youth was dying? Did 
‘And life has become a burden’ mean that she felt that our relationship had become a treadmill, 
never progressing? Was ‘We move in circles of suppressed despair, Waiting for the sun’ telling me 
that she felt we were clinging on to a false hope that our love, the sun of our lives, would shine 
again? Did ‘And turning stones to find evidence, But it hides in the recesses of our hearts’ mean 
that she looked for signs of our love, but couldn’t find them because they were too deeply hidden?

The words painted a black picture and the realization of her message was a stranglehold 
around my neck. Perhaps The Head was right, this song did seem like a farewell message. It made 
perfect sense: we had been drifting apart. A song on repeat was a kind of weird way to end a rela-
tionship, though, not to mention removing all traces of your existence. It seemed a bit extreme. 
Surely there was more to it than that? This belief drove me to find the memory stone, and I stared 
at three files that Alice, presumably, had wanted me to find. I remembered the second of the three 
possibilities that The Head had said earlier: perhaps someone else doesn’t want her to be found. 

2.1 WRITING UP RESEARCH

I opened the file with the name that told me to read it. It was neither a bittersweet farewell note 
nor a clue to her abduction, instead it was a tedious report.  It meant nothing to me. Why would 
Alice want me to read that? Surely she would know that my brain would disengage by the second 
sentence. The other files were more of the same.

As I read I became agitated. ‘I don’t understand any of this; it makes no sense to me. It’s stupid, 
stupid words, stupid symbols and even more stupid pictures. Why can’t she just write something 

Lab Notes 2.1
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Abstract

Recent advances suggest that a combination of programmable cells and synthetic genes (C-10XFMG) can 

be a successful way to heal damaged tissue. However, the results of early trials suggest only partial suc-

cess. This study combined this technology with the implementation of a genetic toggle switch. Participants 

with facial injuries were administered the programmable cell/C-10XFMG therapy, but half were also 

implanted with a genetic toggle switch. All participants were then asked to heal their injuries by studying 

photos of themselves before the injury, or a same-sex stranger (controls). The results showed that … 

Introduction

Matter that can change from one physical form to another (so-called ‘programmable matter’) has long 

been used to construct versatile objects and buildings (Knaian, 2013). Cars that turn into boats and 

planes have become the mainstay of our transport system, and adaptive buildings that can change their 

room configuration within seconds are part of everyday life. Similar principles have been applied to liv-

ing tissue. In the 21st century scientists began to develop ‘programmable cells’ (Kobayashi et al., 2004), 

hoping to create living tissue that can change form based on biochemical instructions. Such cells 

would have enormous clinical value, for example, in healing damaged tissue by instructing the cells to 

revert to their non-damaged state. Mice with programmable cells have been shown to be able to heal 

external injuries by issuing such instructions to those cells (Araya, Hanneman, King, & Lombardo, 2103). 

There have been two major challenges in realizing the true potential of this technology: (1) how to con-

vert ordinary human cells into programmable ones; and (2) how to empower humans to control these 

cells. The first challenge has recently been solved: Nightingale developed the BLISS serum, which has 

been shown to fully convert normal human cells into ones which can be instructed to change their 

structure (Nightingale, 2110). In addition, significant steps towards the second aim have been made 

through synthesizing the genes of species that can change aspects of their physical appearance using 

hormones or neurotransmitters. One notable success is the so-called ‘chameleon gene’. The chame-

leon lizard controls its external appearance by relocating particles of pigment in special cells called 

chromatophores; synthesis of the chameleon gene with human genes appears to enable humans to 

similarly control programmable cells within their body. A breakthrough study showed that humans with 

burn injuries could partially heal their skin by first converting their cells to programmable ones, then 

introducing the chameleon gene into their genetic structure, and then training the participants to focus 

on healing their wounds (Nightingale, 2112). This so-called C-gene therapy offers the exciting possibil-

ity of self-healing of many injuries and cancers; however, to date the therapy has been only partially 

successful.

Theoretically, control of programmable cells through the chameleon gene would be improved by the 

use of a genetic toggle switch (Deans, Cantor, & Collins, 2007) that can turn specific genes on and off.  

The logic is that introducing such a genetic switch would provide the individual with more precise access 

to both their existing gene structures and also the chameleon gene itself. This study aims to see whether 

the combined use of a genetic toggle switch with the chameleon gene will result in better self-healing in 

people with facial injury. We predict that the C-gene therapy combined with a genetic toggle switch will 

enable better healing than C-gene therapy alone.
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Method

Participants

Participants were 17 males and 15 females aged 13 to 61 (M = 35.84, SD = 12.53) who had facial burns, 

recruited from Elpis City Hospital. All participants consented to the study after full disclosure of the safety 

of the procedures to be used.

Genetic Procedures

Two weeks prior to the study all participants were injected with the BLISS serum (Nightingale, 2110). Two 

days pre-test, cell samples were taken to confirm that the serum had converted cells to a programmable 

state. All participants responded as expected to the BLISS serum with no side effects. One week pre-

test, the chameleon gene, C-10XFMG, was introduced into all participants, followed by 3 hours of adapta-

tion during which participants were monitored. The quantity of C-gene for each person was synthesized 

using the standard equation (Nightingale, 2112):
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For the next 5 days participants underwent the attentional training used by Nightingale (2112), during 

which they were trained to mentally attune to the new gene. This training has been shown to help people 

to gain conscious control over the C-gene (Nightingale, 2112). Two days prior to test, the genetic toggle 

switch was introduced into half of the participants.

Tasks

Half of the participants were asked to look at a photograph of themselves from before their injury and to imag-

ine the cells in their faces changing to become like the photo. The remainder acted as a control and were asked 

to look at a picture of a same-sex stranger and to try to change their face to become the person in the picture.

All participants looked at the picture for 6 sessions of 20 minutes each. At the end of the sessions their 

faces were scanned into a computer and compared to the face in the photograph. Facial recognition 

software produced a precise resemblance measure as a percentage (100% = the participant’s face is 

exactly like the face in the photograph, 0% = the person in the photo bears no resemblance at all to the 

participant).

Design

The design was a 2 (Gene: chameleon gene, chameleon gene + genetic toggle switch) × 2 (Picture: self, 

same-sex stranger) independent design. The outcome was the facial resemblance (%) between the par-

ticipant and the photo.

Results

There was a significant main effect of whether the participant had the chameleon gene alone or in combination 

with the genetic toggle switch, F(1, 28) = 440.83, p < 0.001. There was also a significant main effect of whether 

the participant tried to resemble a photo of themselves pre-injury or the photo of a same-sex stranger,  
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F(1, 28) = 68.17, p < .001. Finally, there was a significant interaction between the gene combination and the type 

of picture that the participants tried to copy, F(1, 28) = 62.83, p < .001.

Discussion

The implications are frightening … I’m not sure I should make them public …
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in English?’ My eyes welled up in frustration. ‘It’s one of those articles that Alice reads for work, 
and that she writes sometimes. Why would she leave me that?’

‘Show me,’ said The Head in his soothing, unflappable tone. I held up my diePad screen. 
‘You’re right, Z, that’s a research paper for sure. One of hers, I imagine. Maybe she left it for a 
reason? Maybe she wants you to know what it’s saying? Or maybe she forgot to take that stone 
with her when she left you.’ He chuckled.

‘Or when she was taken,’ I added, wanting to retain the hope that she hadn’t left me because 
she wanted to.

The Head became serious. ‘What would happen if I spoke to you in another language … which, 
by the way, I can?’ he asked.

‘I wouldn’t understand you.’
‘No, you wouldn’t. This report is written in the language of science; understanding it is about 

understanding the language. You just need to learn the language. I can help you. Scientists use a 
standard format to communicate their research to each other. They want to tell others four things: 
the reason why they did the research, how they did it, what they found, and what it means.’

‘Why? How? What? Who cares?’
‘You got it. If every scientist wrote whatever they liked it would be confusing, so they write 

reports or research papers that follow a format that helps them to think about those four questions:

• Abstract: This is a summary of the whole study. It’s slick. Scientists are busy people, they need 
to know “do I need to read this stuff?” That’s what the abstract tells them. It has a sentence or 
two describing why the study was done, how it was done, what was found and what it means. 
It gives the reader a feel for whether the research is interesting or relevant enough to warrant 
reading the detailed paper.

• Introduction: This is the why. The history lesson. They talk about past research that others have 
done that has led to their own hypothesis. They might describe how other findings are inconsistent 
or ambiguous and then describe how their research will clarify the situation. The intro normally 
moves from the general to the specific: they start with the general background of the research and 
then describe specific studies. They usually finish by saying what their hypotheses are.

• Method: This is where they tell others how they did their research. There is enough detail that 
someone else could repeat the research, but not so much detail that they die of boredom 
reading it. It’s common to split this section up into who took part (participants), what tasks 
were used (measures/materials), special equipment that was used (apparatus), the type of 
research design that was used (design), a description of what happened (procedure), and how 
the measures were scored (scoring). It’s unusual not to see participants and procedure, but the 
other sections may or may not be there.

• Results: This is the money shot. This is where the mystery is revealed: what did they find? 
Remember Alice told you about descriptive and inferential statistics?  Scientists normally 
start with some descriptive statistics about their sample, then they deal the killer blow of the 
inferential statistics. Those inferential stats are like a sergeant major, putting those hypotheses 
through their paces, seeing whether they come out strong or drop down dead. Only the strong 
hypotheses survive.

• Discussion: This section is deep; so deep you need a subwoofer. They summarize what they 
found in case you didn’t understand the results, but also how it changes the world, and what 

Chapter 1
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still needs to be done. They start by summarizing the results. BOOM! Then they lay down what 
it means for their theory. BOOM! They tell you what it means for the real world. SUBSONIC 
BOOM! They tell you the limitations and what still needs to be done. When that’s done, you’re 
like “Whoa, get me a depth gauge so I can measure how deep that was.” 

• References: You can’t write stuff in science without justifying it, you’ve got to let people know the 
science that supports what you’re saying. Alice, in her intro , cites research papers when she 
makes a point. She writes the names of the authors and the year that the research was published. 
So, you need to collect that wisdom into a reference list so others can read it for themselves. Alice 
has one of those lists and all the names and dates she has cited appear in this list.’

This was a lot to take in, but it made sense of what I’d read. He was right, Alice’s report had all 
of those sections: an abstract, introduction, method, results, references, but no discussion. As 
though thinking the same thought, The Head said, ‘Looks to me like she hadn’t finished the 
report: the abstract has no ending and it looks like she was scared to write the discussion.’

‘Scared of what?’ I asked.
‘Read her words, it sounds like her results were gonna blow the world a new ass ...’
‘I get the picture, but what were the implications?’
‘That is a question I can’t answer. I will admit to a staggering capacity to gather and assimilate 

information, but I’m no scientist. You’re as on your own as a statistics professor on a dance floor.’ Wow, 
two questions The Head couldn’t answer in a day – usually that would have made me feel very smug.

Zach's Facts 2.1 Writing up research

 Scientists use a standard article format for reporting the research that  
they do.

 Although you will find variations on this format, there is usually a summary at the 
beginning (abstract), then sections explaining (1) past research and why the 
current study has been done (introduction); (2) how the research was done 
(methods); (3) the analysis and what was found (results); and (4) the implica-
tions of the results for theory and practice, and any important limitations and 
remaining gaps in our knowledge (discussion).

 Scientists always back up what they say with reference to published work, so 
you will see references within the report that are collected together into a refer-
ences section at the end.

Lab Notes 2.1
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2.2 MATHS AND STATISTICAL NOTATION

Somehow I needed to fathom out what Alice had found. I felt sure that she wanted me to read this 
report, and perhaps she trusted me to do something sensible with it. I couldn’t understand why, 
though. She knew better than anyone that I was hopeless at this stuff; she operated on a higher 
mental plane than me. It just didn’t make sense that she would trust this report to  
me – why not tell the professor she worked with, or some other colleague? Why give a report to 
someone who you know won’t understand it? Maybe she wanted to give it to someone who she 
knew couldn’t possibly understand it? The question rattled around in my empty head. What 
would Alice tell me to do? She would say I should evaluate the evidence, and this report was  
evidence.

‘If you can’t help with the science, what can you help with?’ I asked The Head.
‘The maths. I was the best man at Maths’ wedding to Mrs Maths, I’m godfather to baby 

Maths, I look after goldfish Maths when the Maths family are on holiday. Maths is my sibs. What 
about you?’

‘I walked past Maths on a crowded street once.’
‘That’s real bad. Let’s start real simple. What is the result of 1 + 2 × 32?’ The Head asked.
‘That’s easy, it’s 27’
The Head shook, ‘No, it’s 19.’
‘Don’t be crazy, 1 plus 2 is 3, multiply that by 32, which is 9, and you get 3 times 9, which is 27.’
‘You’re breaking Mr Maths’ heart,’ The Head said in an overly sad voice. ‘You’re forgetting 

BODMAS.’ 
‘BODMAS? Who was he?’
‘Father BODMAS was an old guy with a white beard who used to give children equations for 

Christmas.’ The Head waited for a reaction, but continued when he got none, ‘I’m yanking your 
chain. BODMAS tells us the order to do things in an equation. If you use BODMAS then you’ll see 
that because there are no brackets the first thing to deal with is the order term: 32 is 9, so the equa-
tion becomes 1 + 2 × 9. There’s no division, so we move on to multiplication: 2 × 9, which gives us 
18. BODMAS tells us to deal with addition next: 1 + 18, which gives us 19. If I’d asked you to solve 
(1 + 2) × 32, then the answer would have been 27 ’cos we deal with the brackets first: (1 + 2) = 3, so 
the equation becomes 3 × 32. We then deal with the order term, so the equation becomes 3 × 9 = 27’. 
Let’s try a tricky one. What’s the answer to this?’ The Head projected an equation onto the wall.

10
2 3 1

8
5

2

+
+( )

−

Check Your Brain: Can you solve The 

Head’s equation? Remember to use BODMAS.

Reality Check 2.1
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‘BODMAS and PEMDAS are acronyms to help you remember which order to do things in when 
carrying out calculations or working out the result of an equation,’ The Head explained. ‘They are 
different versions of the same acronym so use whichever one you find easiest to remember. The 
acronyms stand for:

 • Brackets/Parentheses: This means that anything within brackets is calculated first.
 • Order/Exponents: “Order” is the old fashioned way of saying “to the power of ”. So, 32 is three 

to the order of 2. These are also called exponents. So, anything with an exponent should be 
calculated next.

• Division/Multiplication: the acronyms place division and multiplication 
different ways around, but it doesn’t matter because they should happen next, 

and the order in which they happen depends on where they are in the 
equation. The rule is you go left to right, so scanning from the left to the 
right, if you come across a multiplication first then do it and then carry on 
scanning to the right.
• Addition/Subtraction: although addition is ordered before 
subtraction in both acronyms, they again happen at the same time, so 

the order is determined by doing any additions or subtractions as you 
come to them when you scan from the left of the equation to the right.’

I got my diePad and started to draw to help me;  in retrospect it would have made more 
sense to have used the calculator app. ‘Let me see, first I deal with the brackets, so that is  
3 + 1 = 4. So I change (3+1) to 4.’

‘Great,’ said The Head.

‘Next I do the orders or exponents. So, I take the 42 and change that to 16. Then I need to look 
for any multiplication or division. There is one of each: there’s a 2 × 16 and also a divide by 8. As 
they are part of the same thing I guess it makes sense to do the 2 × 16 first because that’s what gets 
divided by 8?’

‘You know it makes sense,’ The Head grinned.

Reality Check 2.1 BODMAS/PEMDAS

Figure 2.1
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‘Sweet, so I replace the 2 × 16 with, 32, and next I divide this value by 8, which gives me 4. 
Finally I deal with any addition and subtraction, and I do this from left to right, so that gives me 
10 + 4, which is 14, and then subtract 5 from it. So, the answer is 9?’

The Head nodded in appreciation ‘You said you walked passed Mr Maths on a crowded street? 
Well, you just ran back and invited the dude for a coffee!’

Parentheses/Brackets

Exponents/Order

Multiplication/Division

Addition/Subtraction

Figure 2.1 BODMAS and PEMDAS

There were other symbols that I didn’t understand in Alice’s report , like the little i, and the 
x and y, so I asked The Head about those.

‘y represents the outcome. That’s the variable that you’re predicting. When Alice talked about 
measuring T-shirt sales , that variable was an outcome, so we might represent T-shirt sales with the 
letter y. The letter x is a different letter altogether, and represents a predictor or independent variable. 
It is also used to denote scores. The i tells you to what or who the score belongs. If you and Alice rated 
how much you love each other out of 10, what number would you give Alice?’

‘10.’
‘Smooth, and I’m thinking she gives you a 7.’
‘What?’
‘Too much? You’re right, Z, she rates you 6. We can represent these scores with xi, which is 

saying ‘the score, x, that belongs to person i’. You could replace i with the person’s name, like this: 
xZach = 10 would mean Zach’s rating of Alice is 10, or xAlice = 6 meaning Alice’s rating of Zach is 6.’

‘What about that funny pointy thing in the report?’  I said, pointing at the funny pointy 
symbol.

‘The sigma?’ The Head projected a ∑ out in front of him from the pocket watch, ‘That means 
“add shit up”.’

Section 1.2

Lab Notes 2.1

Lab Notes 2.1
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‘Why does it have a 1 and an n by it.’
‘Because you start adding at item 1, and you “add shit up” until you reach the last item; because 

the equation doesn’t know how many things you have, it can’t use a number to represent the last item 
so it uses the letter n, which you can think of as being short for ‘number of things you need to add 
up’ or ‘no more numbers left to add up’. Imagine we wanted to add up your and Alice’s ratings of love 
for each other. We can represent that like this’. The Head again projected some symbols. 

i

n

ix
=
∑

1  

(2.1)

‘The i = 1 in the expression means that you should start with person 1’s score; if it was i =2 then 
it means you should start with person 2’s score. The n symbol at the top means that you should 
keep adding scores until you reach the last score. So, with i = 1 this equation means that you  
take person 1’s score (i = 1) score, then add it to person 2’s score (i = 2), then add person 3’s score  
(i = 3) to the previous scores, and carry on doing this up to and including the last person’s score  
(i = n). With scores from just you and Alice we would have this.’ The Head projected another  
equation. 

i

n

ix
=
∑ = + =

1

10 6 16

 

(2.2)

The Head stepped things up. ‘Of course, you can use the BODMAS principles with this symbol too. 
What do you think you would get for you and Alice’s ratings from this expression?’  he asked.

i

n

ix
=
∑

1

2

 

(2.3)

I felt like The Head was torturing me. I was finding it hard to concentrate. Alice was missing, 
I needed answers and he was babbling on about maths. I thought back to BODMAS. There were 
no brackets in The Head’s equation, so move onto powers. There was a squared symbol. ‘Do we 
square each value and then add them?’

‘Yes you do’, The Head beamed, as he projected the full equation. 

i

n

ix
=
∑ = + = + =

1

2 2 210 6 100 36 136

 

(2.4)

‘What about this expression ?’   continued The Head, projecting yet another equation in front 
of me.

i

n

ix
=
∑













1

2

 

(2.5)

I thought back to BODMAS. The weird spiky symbol was in the brackets, and we have to deal 
with the brackets first, so that means we’d sum the scores first. Having done that we’d look for an 
exponent or power symbol. There was one: a squared outside of the brackets, so that must mean 

2.1

2.2

2.3

2.4

2.5
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we square what is inside the brackets. ‘We add the scores and then square the total, so it would be 
16 squared,’ I replied to The Head, who looked pleased and projected the answer for me. 

i

n

ix
=
∑













= +( ) = =
1

2

2 210 6 16 256

 

(2.6)

‘You’re doing great,’ The Head reassured me. ‘The final hurdle is the equation in Alice’s report’ 
(Alice’s Lab Notes 2.1). The Head projected the equation  on the wall to remind me. 

y
x

x
i

n

n
=







∑
∑

1

1

2

chameleon

human
 

(2.7)

It looked complicated. I started to panic slightly. It felt too hard, and my mind was still racing 
about Alice. The Head told me to break it down into little bits. ‘What’s yi?’ he asked.

‘Is it the outcome for person i?’
‘Yeah, that’s what they are trying to calculate: the quantity of C-gene to give to each person. 

Now, the xs represent values that either come from a chameleon lizard or the human themselves. 
Imagine we have 5 scores from a chameleon and 5 from the human.’ The Head projected a table 
of numbers onto the wall. 

Table 2.1  The data that The Head used to 
torment Zach

Chameleon Human

3 2

1 3

2 5

4 7

2 3

Check Your Brain: Using the scores in Table 2.1, 

can you work out the quantity of C-gene needed?

‘Based on these scores, what quantity of C-gene is needed?’ The Head asked.
I thought again of BODMAS. ‘Brackets first, and there are brackets in the bottom part of the 

equation so I need to deal with those first. The adding symbol is inside the brackets, which means 

Table 2.1

2.6

2.7
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that I need to add up the human scores first; that will be 2 + 3 + 5 + 7 + 3, which is 20. Next is 
order terms, and there is an exponent in the lower part of the fraction, which tells me to square 
the 20, which will be …’ I paused. 

‘400,’ said The Head as he projected the equation  on the wall as I worked through it.

y
x

x

x
i

n

n

n

=






=
+ + +

∑
∑

∑1

1

2
1

2 3 5

chameleon

human

chameleon

77 3 202
1

2

chameleon

+( )
=
∑n
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 (2.8)

y
x

x

x
i

n

n

n

=






=
∑
∑

∑1

1

2
1

400

chameleon

human

chameleon

‘The next part of BODMAS is division, so I need to do that next, but to do it I have to sort out 
the top half of the fraction. The symbol on the top means I need to add the chameleon scores, so 
that will be 3 + 1 + 2 + 4 + 2, which is 12. So, the final value would be 12 divided by 400.’

‘Which is?’ said The Head with a teasing look on his face.
‘C’mon, you know I have no idea.’
‘Yeah, I know, but I’m havin’ fun.  It’s 0.03’.

yi = =
12

400
0 03.

 (2.9)

 Do calculations and solve equations using BODMAS/PEMDAS, which stands 
for Brackets/Parentheses, Order/Exponents (in other words ‘to the power of’), 
Multiplication and Division, then Addition and Subtraction.

 y usually denotes an outcome variable (a dependent variable), and x a predictor 
variable (which can be an independent variable). However, x is also used to 
denote the scores you have collected.

 ∑ means ‘add everything up after the symbol’.

Zach's Facts 2.2 Statistical notation

2.8

2.9
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Despite a small amount of pride at having followed what The Head told me, I was agitated. 
This lesson wasn’t getting me any nearer to Alice. It felt like a waste of time: it would take me 
weeks to fully understand this report, and I needed to know what was going on now. I didn’t want 
to believe that Alice had left me, but it was plausible, and if she hadn’t then the implications were 
even worse: someone had taken her and tried to erase her from the world. Alice would have told 
me to collect evidence, real evidence, not ambiguous evidence buried in a report or a song. Her 
friends and family may have been wiped from my contacts, but I knew she had been seeing a 
counsellor, and I knew his name: Dr Murali Genari. She spoke about their sessions, and to whom 
do you tell your secrets if not your counsellor? A counsellor’s address should be easy enough to 
look up, and it was.

2.3 VARIABLES AND MEASUREMENT

2.3.1 The conspiracy unfolds

The voice startled me. I turned, my heart racing. Before me was a white-haired, short, plump man hold-
ing a massive sausage. I should have run – I could have easily pushed past him, back down the hallway, 
and been gone before he could react, but there was something about the sausage that disarmed me.

‘I said, what are you doing!? Answer me!’ shouted the man. He was quivering with rage. In my 
enthusiasm to find out why Alice had gone, I hadn’t factored in being caught in the act of stealing 
a confidential file. This situation was a bit awkward. The man facing me, I assumed, was  
Dr Genari. He certainly looked the part: he was an old man, had a white beard, and dressed even 
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more old-fashioned than Alice’s parents. He posed no real threat to me, I could take the file and 
run, but what if he tried to challenge me? I didn’t want to hurt the guy; I just wanted the file. I 
stared at him, both of us trying to get the measure of each other. Suddenly I realized that he wasn’t 
shaking with rage, it was fear: he was afraid of me. What was I doing breaking into an office and 
terrifying some old guy? I had acted with my heart but my head, long overdue, kicked in. I had 
gone about this all wrong. I had assumed that a counsellor wouldn’t give me the time of day, but 
the guy’s job is to help people, why wouldn’t he help me? I needed to diffuse the situation, to reas-
sure him that I wouldn’t hurt him, to get him on my side. I let go of Alice’s files and turned to fully 
face him with my arms held up as though he was pointing a gun at me.

‘I’m sorry, I don’t want any trouble. Please … Put. Your. Sausage. Away.’ I smiled and tried to 
look unthreatening.

His head turned to face the sausage, which he observed with a lop-headed confusion. ‘Damn 
this programmable matter.’ He walked towards me as though instantly pacified. ‘I can’t get the 
hang of it at all. No, really I can’t. One minute I’m thinking it to become a sword, because there’s 
a degenerate in my office and a sword is a useful thing to have. A second later I notice that I am 
hungry and would like to eat a sausage and here I am standing in a doorway with a massive sausage 
in my hand. It completely undermines the sense of threat I was trying to create.’

He babbled to himself while circling the room tapping his forehead with the sausage. I could 
have left without him even noticing, but instead I picked up Alice’s file, brought it to his desk and 
sat at his chair. 

‘It doesn’t make any sense,’ he continued.
 ‘Yes it does. Programmable matter responds to your thoughts, so when you imagined it was a 

sword it became a sword but when you thought of a sausage …’
‘No, not the sausage … you! You make no sense. Why would you take a crowbar, destroy my 

front door, enter my office and rifle through my files? You want to find something out about a 
client, that is obvious, but why did you break in?’

‘Because I want to find something out about a client …’
He interrupted and rolled his eyes, ‘Yes, yes, but it’s midday, why not ring the doorbell?’
Dr Genari didn’t seem scared or angry any more. He had switched into some kind of detective 

or counsellor mode where all he could think about was trying to get to the bottom of my motives 
for being there. He paced around asking himself questions. His accent suggested he had grown up 
or spent a lot of time in India; he also had a lovely disjointed way of talking to himself − changing 
thought in mid-sentence as though hundreds of ideas were fighting for the attention of his voice. 
I wondered what his story was, how he had come to be in Elpis. Had he always been a counsellor? 
As he paced, and thought out loud, one thing was clear. He was a kind man: I had broken into his 
office, I had invaded his space, and yet he could only wonder why I needed help. I felt embarrassed 
that by breaking in I had not reciprocated his levels of consideration for me. I interrupted him.

‘My girlfriend is your client. She’s gone and I can’t contact her, I’m worried, I figured maybe 
she’d told you something.’

‘Something like how she doesn’t like dating delinquents who break into offices?’ His quip made 
me blush with shame. ‘Let me guess, woman leaves, doesn’t answer calls, boyfriend who has been 
too busy watching sport or playing guitar to pay her any attention wonders why she has suddenly 
left him? Tell me about your relationship.’ Dr Genari sat in the very comfortable looking chair that 
I assumed was reserved for his clients. I could see why he was a counsellor – he was good.
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I told Genari how I felt Alice and I were drifting apart, how I didn’t understand her world and 
how the deeper she got into that world, the less she seemed interested in mine. I told him how we had 
shared a passion for music, but that nowadays she wasn’t interested. As I spoke, the blob of program-
mable matter on his hand was involved in an ever-changing theatre of his internal thoughts. As I 
described Alice it rose up into a female figurine, only to shift, as I told him our history, into a small 
guitar, a miniature Beimeni Centre of Genetics, the Elpis Repository, and a Proteus. When it became 
a hat, a billiard cue, a penguin and a pizza, I wondered whether his attention was wandering.

‘Very interesting,’ he said. ‘I lie, of course, none of that is remotely interesting, it is the story of 
every relationship: girl meets boy, girl and boy have lots in common, girl and boy grow up, life takes 
over, they drift apart. It is unremarkable, unlike your belief that she left you. You could be correct, 
but it’s unlikely. I will explain. You say that the last evening you spent with her, you discussed her 
great passion, science? You also say that she has longed for you to take an interest in this passion, 
but you never do. Except last night, after years of refusing to engage with her world of science, you 
listen to her. Last night she got what she has longed for from you. It is a strange time to leave you.’

He had a point. He also looked bored by the conversation, as though he had had similar ones 
a thousand times before. It was also a conversation that wasn’t getting me any closer to finding 
out what this man knew about Alice. I remembered that The Head had suggested other reasons 
why Alice might not be contactable and decided to throw one out at Dr Genari.

‘Alice leaving me is one explanation, but there are others.’ Genari’s eyes lit up at the prospect. 
‘My reality checker said that maybe she doesn’t want to be found or maybe someone else doesn’t 
want her to be found.’ 

‘Abduction?’ Genari asked. He sat up to attention, looking very excited. ‘Are you telling me that 
your girlfriend, my client, is in danger?’

Of course I didn’t think that Alice was in danger, I just wanted to get to the bottom of all the 
weirdness, find out where she was and try to convince her to give me another chance. Why 
would anyone want Alice to disappear? I explained that she wasn’t in danger. Genari looked 
deflated.

‘Apart from the breaking and entering, you seem like a nice boy, but I cannot discuss confiden-
tial client matters, unless of course that client is in danger and it is better for them that I break my 
oath of confidentiality.’ He raised his eyebrows expectantly. ‘Are you sure she is not in danger?’

I could see the game he was playing. I lied and told him I believed that she could have been abducted.
He smiled and became very excited and animated. He leapt out of the chair and came around 

his desk to stand next to me. He clasped his hands together and wiggled his fingers before slowly 
and overly dramatically opening the file on the desk. ‘Let’s see who this girlfriend is,’ he muttered 
to himself. The first page of the file showed a picture of Alice and some details about her. I looked 
up at Genari’s face; it was pale, lifeless apart from the tears in his eyes.

2.3.2 Qualitative and quantitative data

Genari’s expression panicked me: what did it mean? Was he worried about Alice’s mental state? 
Did he know something about her that I didn’t? Did he know a reason why she might actually be 
in danger? I was flustered. I spread the pages of the file across the table, searching for answers, 
but everything I saw was confusing: there were notes, questionnaires, sheets with numbers on, 
and photographs  – a mass of bewildering information. Figure 2.2
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Genari composed himself. ‘As you say, many hypotheses are possible. We need to look at the 
evidence for each one,’ he whispered more to reassure himself than me.

‘You think Alice is in danger, don’t you? Tell me what you know,’ I demanded. I was impatient 
to find out where Alice was, and I hated feeling like I was missing something important.

Genari put his hand on my shoulder and smiled a reassuring smile. ‘Please, I don’t know any-
thing more than what is in this file. I am sure she is not in danger; you know I had to play that 
game with you to give myself permission to show you the file.’ He was lying; I had seen his face 
when he opened the file. But I had no choice but to go along with the lie if I wanted his help. I 
asked him how we would use the file to test our hypotheses about Alice. 

‘To test hypotheses you need to measure variables,’ he began.

Figure 2.2 Scales of measurement

How well does your partner meet your needs?

How good is your relationship compared to most?

To what extent has your relationship met your original expectations?

How much do you love your partner?

How many problems are there in your relationship?

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

Relationship Assessment Scale
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I didn’t want to sit through another lecture about testing hypotheses, so I told him what Alice 
had taught me last night about the scientific process, and how you generate hypotheses and then 
work out what variables you need to measure.

‘Good. Did she explain that there are different types of variables that you can collect and that 
they have different properties?’ Alice hadn’t told me that. ‘For example, how might we tell whether 
Alice wants to leave you?’

‘If she were here we could ask her, but she isn’t.’ I looked at the papers in front of me. ‘It looks 
like she has answered some questions about our relationship by circling numbers on this 
Relationship Assessment Scale’ (RAS)20. 

‘How do these measures differ?’
‘If we ask her then we have what she says, her words; but if we look at this questionnaire then 

we have the numbers that she circled.’
‘For a man daft enough to break into an office during opening hours, you are quite smart.’ 

The doctor smiled. ‘You have highlighted two different approaches to testing hypotheses. The 
first is to gain support for a theory from what people say or write (qualitative research). One 
popular method for doing this is discourse analysis, which operates on the basic assumption 
that by studying what people say (and how they interact) you access real processes (whether 
they are psychological, societal, anthropological, and so on). For example, suppose Alice said 
during our sessions “I want to leave Zach”. Her expression of intention is not based on only her 
internal experience, because the idea of leaving your partner is socially constructed; she has 
used that phrase because she has observed how others use that phrase. As such, her statement 
is taken within the context of social environment. People declare that they want to leave their 
partner but still very much love them and don’t leave them, and perhaps Alice used that phrase 
within that context: it is an expression of discontentment but not an intention to leave. To do a 
discourse analysis you start with an individual interview (which has the advantage of control) 
or a group discussion (which has the advantage that you can look at natural interactions). These 
discussions would be transcribed. Not all of the material will be analysed, but instead, topics or 
themes are identified, often through reading the material and looking for reoccurring features 
of conversation, or intuition about important parts of the dialogue. You would then begin to 
index the transcripts according to the themes identified. You should reread the material to try 
to find counter-examples of things you’ve identified (this is especially important if you’re work-
ing on intuitions). The analysis itself is based on writing an account of the themes you’ve iden-
tified or the intuitions you’re following, and extracting data from the transcripts to back up (or 
contradict) your ideas. The analysis should be iterative: you should reassess your analysis and 
redraft it as readings of the transcripts throw up new ideas and examples.21 The whole process 
can be theory- or data-driven. In theory-driven analysis you analyse discourse or interactions 
with respect to existing theory. In data-driven analysis you collect data with no particular theory 
in mind and let the analysis inform the development of a theory (sometimes called grounded 
theory).’

‘So, to do a qualitative analysis I would need to read and transcribe all of these notes you’ve 
made from your interviews with Alice and try to pick out themes to support my hypothesis?’ I 
didn’t have time for that.

‘Yes, my boy, that is what you do!’ Genari said, breaking into a laugh.
‘That seems like a lot of work.’

Figure 2.2
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Genari’s laugh escalated ‘It is, my boy, it is! The alternative is to measure variables using num-
bers and then to use statistical methods to analyse these numbers to test your theory (quantitative 
research). You might, for example, look at Alice’s scores on the Relationship Assessment Scale.’

I looked at the sheet with this scale on. The scores seemed quite positive. ‘She has circled the 
highest score for me meeting her needs, her satisfaction, and given a low score to us having prob-
lems.  How would I know overall how she feels, though?’

‘Simple, add the scores up. Notice that some questions are phrased differently than oth-
ers: some ask how satisfied she is, and so if she circles a large number then it means that the 
relationship is good; whereas others ask what problems are in the relationship, so if she 
circles a large number it means the relationship is bad. First you have to reverse-score these 
questions that are phrased differently, then you can add all of her responses up to find out 
how she feels.’

I felt my diePad vibrate in my pocket. I unrolled it and noticed a message from someone called 
Milton. I made my apologies to the doctor and read the message.  It was freaks: it addressed me 
as dear human, it talked about cats, but the biggest weirds was that it told me about reverse scor-
ing: exactly what the doctor had just been explaining. I felt uneasy. Who was Milton, and how did 
he know my number, where I was, and what I was talking about? I scanned the room quickly; 
definitely only Genari and I were in here. Out of the corner of my eye I noticed a ginger cat jump 
down from the window ledge outside.

Check Your Brain: Figure 2.2 shows Alice’s responses to the 

seven questions on the Relationship Assessment Scale.

a. Reverse-score the two items that are reverse-phrased.

b. If i represents items on the questionnaire, what does 
i

n

ix
=

∑
1

 mean?

c. Do the calculation in (b) using Figure 2.2. What does the resulting score 

represent?

d. What is the maximum that anyone could score on the Relationship 

Assessment Scale?

e. Is Alice satisfied with her relationship with Zach?

2.3.3 Levels of measurement

I passed the message off to Dr Genari as something about my band, and we added up Alice’s scores 
on the Relationship Assessment Scale. It was 32 out of a maximum of 35, which made it look as 
though she was positive about our relationship. I was curious about what I could do with this total.

‘To answer that question,’ the doctor replied, ‘you need to first answer the question of what type 
of variable you have and where it lies on the scale of measurement.’

Figure 2.2

Meowsings 2.1
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Dear Human,

If you wanted to measure how cat-like people were, you could ask them ‘How much do you like fish for din-

ner?’, ‘How much do you like to sleep?’ and ‘How often do you wash by licking yourself?’ and get them to 

respond from 0 (not at all) to 10 (a lot). In each case if you are cat-like you give a higher rating than if you are 

not. In other words, each question is phrased so that a larger number represents more of the construct that 

you want to measure. However, one problem with having all of the questions phrased that way is that cat-

like people might notice that all they have to do is write a ‘10’ for every question, and because they are cat-

like and, therefore, have better things to do like sleeping, and they hope that their reward for doing the 

survey might be a nice fish, they write ‘10’ for every question without thinking. Likewise, the non-cat-like 

people might respond ‘0’ to everything, regardless of the question. This is a form of response bias. To try 

to make people read and think about the questions on surveys it is common to use reverse phrasing on 

some questions. Normally questions are phrased so that a larger response represents more of the con-

struct being measured; a reverse-phrased question is one where a larger response represents less of the 

construct being measured. For example, a reverse-phrased version of the question ‘How much do you like 

fish for dinner?’, would be ‘How much do you dislike fish for dinner?’. If you were a fish lover you would give 

a high response to the first question, but you would give a low response to the second.

When reverse phrasing has been used for items on a questionnaire, then these items need to be 

reverse-scored, which is done by subtracting the score given from the sum of the maximum and minimum 

possible responses. Let us imagine we had a questionnaire to measure how cat-like someone was as 

described above, but with five items. Table 2.2 shows the questions. Two of them are reverse-phrased. 

The third column shows a person’s responses on the questionnaire. For the normal questions they have 

given fairly large responses (9, 7, and 6 out of 10) indicating that they are quite cat-like. For the reverse-

phrased items they have given lower responses (1 and 2) but, because the items are reverse-phrased, 

these low responses also indicate that they are quite cat-like. To make these scores comparable to the 

normal questions we must reverse-score them. This is done by subtracting the score on a reverse-

phrased item from the maximum plus the minimum score for that item. Imagine an item where 5 responses 

are possible (1, 2, 3, 4, 5). The maximum plus minimum score is 5 + 1 = 6. Reversing the scores is achieved 

by subtracting each score from 6, so 1 becomes 5 (6 − 1 = 5), 2 becomes 4 (6 − 2 = 4), 3 stays as 3 (6 − 3 = 3), 

4 becomes 2 (6 − 4 = 2), and 5 becomes 1 (6 − 5 = 1). For our cat questionnaire, the largest possible 

response is 10, and the lowest 0, so if we add these together we get 10 + 0 = 10. To reverse-score the 

items we therefore subtract them from 10: the 1 response for ‘how much do you dislike fish for dinner?’ 

becomes 10 − 1 = 9, and the 2 response for ‘how much do you dislike sleeping?’ becomes 10 − 2 = 8. As 

such, the low scores given by the responder on the reverse-phrased questions are converted to the cor-

responding high score that they would have given had the question been phrased normally.

Best fishes,

Milton

Milton's Meowsings 2.1 Reverse scoring
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‘The scale of what?’
‘Measurement. Let me explain. Look at Alice’s notes.  What variables can you identify?’

Check Your Brain: List all of the variables 

(things that can vary) in Figure 2.2.

‘Err, variables are just things that can vary, or have different values, so her height, weight, age?’
‘Very good, but there are others. The variables you mention are ones that can be directly 

observed: you can see her height and with a ruler measure it directly. Her occupation is also a 
variable, and that too can be measured directly. However, some variables you cannot measure 
directly, for example her depression, her anxiety, her life satisfaction, and her relationship satisfac-
tion. In each case we can observe behaviours or responses that indicate the variable. For example, 
although we cannot directly measure her relationship satisfaction, if she is satisfied this will be 
indicated by her cognition (she will say she is satisfied), her behaviour (she will be affectionate 
towards you), and her physiology22 (her pupils will dilate when she sees you). Something that can-
not be directly measured is known as a construct. To measure these constructs you need an oper-
ational definition of the construct, which is a procedure (or set of procedures) for quantifying it; 
for example, the operational definition of “relationship satisfaction” might be “responses given to 
questions on the Relationship Assessment Scale”.’ 

I was really starting to worry that this was just wasting time that I could be using to track Alice 
down. The doctor continued, though. ‘Once you have measured a variable then what you can do with 
it depends on where it lies on the scale of measurement. The relationship between what is being 
measured and the numbers that represent what is being measured is known as the level of measure-
ment (also known as the scale of measurement). The simplest scale of measurement is the nominal 
scale. A nominal scale is where the same names are attached to things that are the same, and 
different names distinguish things that are not the same. For example, I might label you “burglar” 

Table 2.2 Scoring the CAT questionnaire

Question Reverse 
phrasing?

Response given 
(out of 10)

Reverse score 
(10 − score)

Response 
used

How often do you wash by licking 
yourself?

N 9 9

How often do you scratch wood, 
carpets, furniture, your owner’s 
treasured anatomical features?

N 7 7

How much do you dislike fish for 
dinner?

Y 1 9 9

How often do you sit on a fence 
eyeing anything that passes by with 
cold, suspicious indifference?

N 6 6

How much do you dislike sleeping? Y 2 8 9

Figure 2.2
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to distinguish you from me, who I might label as “civilized member of society”. The doctor chuckled  
at his own joke. ‘Similarly, we can label people according to their jobs: “musician”, “scientist”,  
“counsellor” and so on. Variables on the nominal scale are categorical variables, which are variables 
made up of categories. You will be aware already of the categorical variable of which of the natural 
kingdoms something belongs to: animals, fungi, plants, chromista, protozoa, or bacteria. We are 
both animals, and you can’t be a bit of an ‘animal’ and a bit of a ‘fungus’, because otherwise you’d be 
an an-us and no one wants to be that.’ Obviously a man who enjoyed his own jokes, he burst into a 
loud, wheezing laugh. ‘Really, let me tell you, no one wants that,’ he repeated slowly and laughed even 
harder. ‘You know,’ he eventually continued, ‘some categorical variables contain only two categories, 
for example, being alive or dead, and responding “yes” or “no” to a question. A categorical variable 
consisting of only two categories is known as a binary variable or dichotomous variable.’

‘If you’re just naming things then what can you do with them?’
‘You can count them. Imagine we took each thing that Alice said about your relationship in my 

notes and we categorized it as either “positive about Zach” or “negative about Zach”. We could 
count how many times she is positive about you and compare it to how many times she is negative.’

‘So you would be taking qualitative data − the things she said − and turning them into some-
thing quantitative?’

‘Yes! Now you are getting things … now you are getting things! Sometimes, numbers are used 
to denote categories. This is known as coding. For example, you told me that you are a musician, 
and I am a counsellor and Alice is a scientist. We could take the categories “musician”, “scientist”, 
and “counsellor” and assign them numbers 1, 2 and 3. Those numbers don’t mean anything more 
than the names of the categories, but it can be helpful to use numbers to denote different catego-
ries. You can see this in real life: look at the numbers worn on the shirts of players in the Elpis 
soccer team; historically these numbers denote specific field positions, so the number 1 is worn by 
the goalkeeper and the number 9 by the centre forward. These numbers tell us nothing other than 
what position the player plays. We could equally have shirts with GK and CF instead of 1 and 9. A 
centre forward (number 9) is not necessarily better than a goalkeeper (number 1) just because she 
has a higher number − you wouldn’t want to see your centre forward in goal! If the variable is 
made up of names you cannot do arithmetic on them.’

‘Why not?’
‘Isn’t it obvious? Imagine you were managing a soccer team, your centre forward − the number 

9 − is injured, do you send 9 goalkeepers (number 1s) onto the field of play in their place?’ He 
laughed and I shook my head. ‘No, and if you had categories of “drummer” and “guitarist” can you 
multiply them and get dru-gs?’ 

‘Knowing most guitarists and drummers, probably …’
‘No, of course you can’t’, Genari interrupted, ‘it is sillier than me trying to apprehend you 

with a sausage. The only way that nominal data can be used is to consider frequencies. We 
could, for example, count how often a number 9 scores a goal in a soccer game compared to a 
number 1.’

Dr Genari paused and took a white tissue from his trouser pocket. He wiped his glasses and 
looked at me, squinting his eyes. ‘You have kind eyes. Caring eyes. Not burglar eyes.’ He said.  
What an odd thing for him to say, I thought, but perhaps it was his way of explaining why he was 
helping me. In any case, it made me feel as though I should listen more if I wanted to know what 
was going on with Alice.
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He placed his glasses back on and started asking me about my band. I explained that we 
were called The Reality Enigma. ‘Oh goodness, what a grand name,’ exclaimed the doctor, 
‘imagine your band entered one of those battle of the bands competitions, and the three win-
ners were The Reality Enigma, Scansion and The Black Hats.’ I was impressed that he knew of 
Scansion and The Black Hats. ‘The names of the winners (a nominal variable) don’t give us any 
information about where each band came in the contest; but if you label them according to 
their performance – first, second and third – then you do have this information. These catego-
ries are ordered. In using ordered categories we now know that the band that won was better 
than the bands that came second and third, but we still know nothing about the differences 
between categories. We do not, for example, know how much better the winner was than the 
runners-up: The Reality Enigma might have been easy victors, getting many more votes than 
Scansion and The Black Hats, or it might have been a very close contest that they won by only 
a single vote. When you have categories that have order, like this, you have an ordinal scale of 
measurement.’

‘Is that what these ratings are that Alice gave about our relationship , because, you know, a 
5 is a better rating than a 1 – the order matters?’ 

‘Very good; ordinal data tell us more than nominal data (they tell us the order in which things 
happened) but they still do not tell us about the differences between points on a scale. To do this we 
need an interval scale or a ratio scale. Both of these scales of measurement have ordered catego-
ries, but also require that intervals between categories are equal. Let’s think about Alice’s ratings 
again. The Relationship Assessment Scale has a response scale with five ordered outcomes. To the 
question “how much do you love your partner?” Alice can answer 1, 2, 3, 4 or 5. For these values to 
form an interval scale it must be the case that the difference between ratings of 1 and 2 is the same 
as the difference between say 3 and 4, or 4 and 5. Similarly, the difference in ratings of 1 and 3 should 
be identical to the difference between ratings of 3 and 5. A ratio scale must also have a meaningful 
zero point.’

This idea confused me, and pre-empting my difficulty the doctor elaborated, ‘All that 
means is that the zero point indicates a complete absence of the thing you are measuring. In 
Alice’s case notes, her height and weight are both measured on ratio scales. They are ratio 
scales because not only are intervals consistent along the whole measure of weight and height 
(e.g., the difference between 100 cm and 150 cm is the same as the difference between 0 cm 
and 50  cm) but they have meaningful zero points: we can talk about weighing 0  kg, which 
means the complete absence of weight, or being 0 cm tall, which would mean the complete 
absence of height. Having a meaningful zero means that ratios (as well as intervals) are main-
tained along the measurement scale; for example, 20 kg is twice as heavy as 10 kg, and 5 kg is 
half the weight of 10 kg.’

Just as I was wondered how you could ever be sure that a rating scale, like the one Alice com-
pleted, produced interval or ratio data, my diePad vibrated. It was another message from the 
mysterious Milton that was every bit as odd as the last one.  

‘Do you know someone called Milton?’ I asked.
The doctor eyed me suspiciously. ‘Not personally, but there are some very famous Miltons.’
I couldn’t think of any. Genari asked why I was interested in people called Milton, so I showed 

him the message. He guessed that my earlier message had also been from this Milton and that I 
had lied. He really could read me very well. 

Figure 2.2

Meowsings 2.2
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‘All of the Miltons I can think of are either too famous or too dead to be messaging you,’ he 
chuckled to himself again. ‘I want to help you, but we need to move on.’

I was starting to get bored. Genari was a nice man, with an endearing, excitable manner, but 
I had come here to find answers about Alice and this wasn’t giving them to me. It did at least take 
my mind off thinking about what might have happened. At least while we were talking we hadn’t 
found evidence for a hypothesis that I wouldn’t like. 

The doctor interrupted my thoughts. ‘The variables you measure map onto the scales of meas-
urement that I just described. Some variables are discrete variables, which means that they 
consist of indivisible categories. This means that values fall into distinct categories – for example, 
whether your main job is scientist or counsellor. However, the rating scales on the Relationship 
Assessment Scale  are also discrete because you can enter only values of 1, 2, 3, 4 or 5; you can-
not enter a value of 3.45 or 1.89. Other variables can be measured at an infinite level of precision − 
they are not limited to separate categorical responses − these are known as continuous variables. 
A continuous variable would be something like age, which can be measured at an  
infinite level of precision (you could be 25 years, 6 months, 11 days, 7 hours, 6 minutes, 11 seconds, 

Dear Human,

A lot of self-report data are probably ordinal. Imagine you and Alice both answer the question ‘how much do 

you love your partner?’ (Figure 2.2). If Alice and you both respond with a 4, can we be sure that you love each 

other equally? If you respond with a 5 and Alice responds with a 4, does this mean that you love Alice more 

than she loves you? If Alice responds with a 2 and you with a 4, do you love Alice twice as much as she loves 

you? Probably not: your ratings will depend on your subjective feelings about what constitutes love, and how 

you map them to the points on the response scale. When we ask people to rate something subjective we 

should probably regard these data as ordinal, although many scientists assume that people respond as 

though the response scale is interval. For example, we could reasonably assume that Alice’s scores for her 

depression, anxiety and life satisfaction (Figure 2.2) are measured on an ordinal scale (Alice’s score of 23 on 

anxiety probably means that she is more anxious than someone who scored 10), but are they interval or ratio 

scales? Is it meaningful to talk about 0 as signifying no anxiety at all? Can we be sure that two people who 

score 10 and 5 are as different in their anxiety as two people who score 12 and 17? Many scientists would 

treat this scale as interval, but hopefully you can see that this assumption is controversial. 

Best fishes,
Milton

Milton’s Meowsings 2.2 Self-report data

Figure 2.2
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122 milliseconds, 3 microseconds, 12 nanoseconds old). The line between discrete and continuous 
variables can be blurred, though.’ 

Another message from Milton appeared on my diePad. Genari looked a little annoyed at it 
breaking his flow. 

Dear Human,

Continuous variables can be measured in discrete terms; for example, when Alice’s age was recorded 

(Figure 2.2) it was measured in years (25) rather than nanoseconds. In doing so, Dr Genari turned a con-

tinuous variable into a discrete one (the only acceptable values are years). The opposite can also be true: 

we often treat discrete variables as if they were continuous. For example, if Alice had been asked how 

many boyfriends she had had, this would be a discrete variable (because people generally admit only to 

dating whole people). However, magazines report things like ‘the average number of boyfriends that 

women have before marriage has increased from 3.1 to 5.9’. This assumes that the variable is continuous, 

and of course these averages are meaningless: no one in their sample actually had 3.1 boyfriends.

Best fishes,

Milton

Milton’s Meowsings 2.3 Making continuous variables discrete

2.3.4 Measurement error

I finished reading Milton’s message. The doctor’s manner was definitely getting more frosty; I 
guess it was totally rude to read messages when he was trying to talk to me. That was the problem 
with these things; no one gave each other proper attention any more. I felt bad. I wanted to prove 
I had listened, so I directed him to look at Alice’s notes.  We had discovered that she rated our 
relationship, overall, at 32 out of 35, and her life satisfaction was 78. This seemed to suggest she 
was pretty happy with life. I decided to confirm this conclusion with the doctor.

‘True, she scored 78 on life satisfaction, but perhaps that is 78 out of 10,000 – have you con-
sidered that?’ He had definitely become tetchy.

‘Err, no. Was it out of 10,000?’
‘No, of course not, it was out of 100.’
‘So, Alice was pretty satisfied, then.’
‘Perhaps,’ he begrudgingly agreed. ‘But you should consider measurement error.’

Meowsings 2.3

Figure 2.2
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Oh man! My heart sank. I could feel another lesson coming on. I braced myself and asked him 
to explain.

Zach's Facts 2.3 Variables and measurement

 Variables can be discrete (can only take on certain values) and continuous (can 
take on any value).

 Variables can be measured on different scales of measurement:

� Nominal scale: Names are given to differentiate distinct categories (e.g., 
whether someone works as a scientist, musician, or counsellor).

� Ordinal scale: The same as a nominal scale, but the categories have a logical 
order (e.g., whether people get a grade D, C, B or A on a college course).

� Interval scale: Equal intervals on the variable represent equal differences in 
the property being measured (e.g., the difference between 6 and 8 is equiv-
alent to the difference between 13 and 15).

� Ratio scale: The same as an interval scale, but there is a meaningful zero 
representing a complete absence of the construct being measured. The 
ratios of scores on the scale will make sense (e.g., a drummer playing at 200 
beats per minute is, in reality, playing twice as fast as a drummer playing at 
100 beats per minute, and a drummer playing at 0 beats per minute isn’t 

playing at all).

‘It’s one thing to measure variables, but quite another thing to measure them accurately. Ideally 
we want our measure to be calibrated such that values have the same meaning over time and across 
situations. Height is one example: we would expect to be the same height regardless of who meas-
ures us, or where we take the measurement. It should also be roughly the same over a short time 
(we don’t expect to grow dramatically in a week unless we are a foetus).’ The doctor chuckled again. 
I hoped this was a sign of his mood lightening. ‘There will often be a discrepancy between the 
numbers we use to represent the thing we’re measuring and the actual value of the thing we’re 
measuring (i.e., the value we would get if we could measure it directly). This discrepancy is known 
as measurement error. Imagine we could somehow invent a device that could with complete accu-
racy and precision measure Alice’s life satisfaction. We stick her in this device and it gives a reading 
of 64%. We then give her a questionnaire and find that her life satisfaction is 78%. There is a dif-
ference of 14 between her actual life satisfaction and the satisfaction given by your measurement 
tool (the questionnaire): this is a measurement error of 14. Self-report measures are likely to have 
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relatively large measurement error (compared to, say, a ruler for measuring length) because factors 
other than the one we’re trying to measure will influence how people respond to questionnaires. 
For example, if Alice was running late, arrived late for her appointment, felt embarrassed by her 
lateness and this stressed her out then perhaps this would make her rate her life satisfaction a little 
lower than she would had she arrived in plenty of time.’

2.3.5 Validity and reliability

‘So, what you’re saying is that I shouldn’t trust Alice’s responses to the questions about our 
relationship?’

‘Don’t be so melodramatic! What I am saying is that perhaps we can’t trust them, but perhaps 
we can – the measurement error might actually be small.’

“How can we tell?’
‘One way to try to keep measurement error to a minimum is to determine properties of the 

measure that suggest that it is doing its job properly. The first property is validity, which is 
whether an instrument measures what it sets out to measure. The second is reliability, which is 
whether an instrument can be interpreted consistently across different situations. I’ll explain. 
With the Relationship Assessment Scale , validity asks the question “Do these items, in combi-
nation, actually measure relationship satisfaction?” We could look at whether the items seem to 
relate to the construct that they measure; this is known as face validity.’

‘The questions do seem to ask about relationships.’
‘Indeed, so we might say the measure has face validity. We can also compare scores on the measure 

to objective criteria – ideally real-world observations – to assess its criterion validity. For example, 
we could ask people to complete the Relationship Assessment Scale and then observe them with their 
partners in natural settings: if their scores on the measure seem to correspond with the way that they 
behave towards their partner then the scale has criterion validity. If scores on the instrument match 
real behaviour (or some other objective criterion) measured at the same time then the measure is said 
to have concurrent validity; if scores on the measure also correspond with future behaviours then it 
has predictive validity. Assessing criterion validity (whether concurrently or predictively) can be 
hard: it isn’t always possible to find objective criteria against which to compare. Also, instruments 
that measure attitudes (like our Relationship Assessment Scale) can reflect the person’s perception of 
reality rather than reality itself. You need a reality prism to disentangle those things and they were 
abolished after the revolution!’ He smiled and I was relieved to see him get back into his stride. ‘With 
self-report measures we sometimes look at content validity, which is whether the individual items 
represent the construct being measured, and cover the full range of the construct. With the relation-
ship questionnaire, we can ask whether those seven items cover all aspects of “relationship satisfac-
tion” and whether each individual item relates to relationship satisfaction.’

‘There are some areas of relationship satisfaction that I can think of that aren’t mentioned in 
those seven questions.’

‘Perhaps you can question the content validity for lack of breadth then. Validity is a necessary 
but not a sufficient condition of a measure. We must also consider reliability, which is the ability 
of the measure to produce the same results under the same conditions. To be valid the measure 
must first be reliable. One way to test reliability is to test the same people twice: a reliable instru-
ment should produce similar scores at both points in time (test–retest reliability). However, it is 

Figure 2.2



692.3 Variables and measurement

more complicated than you might think because some things you expect to change over time. 
Look at Alice’s notes; we measured her relationship satisfaction many times, and most likely her 
scores are different. Does this mean that the scale is unreliable or does it mean that her view of 
your relationship changed over the months she was coming to see me?’

I had never realized that something as simple as measuring something was so fraught with 
problems. I also still didn’t know what to do with any of this information. Dr Genari sighed. ‘I 
have an appointment soon, and I need to order a new front door; you must leave now. Copy what 
you want from the file, but I want you gone in 5 minutes … and good luck.’

His abruptness shocked me. I’d started to take for granted that he would help me, and that he 
would tell me some secret about Alice. All I’d discovered though was how to measure stuff. He’d 
looked horrified when he’d opened the file and seen Alice’s picture, as though he believed that she 
could be in serious danger. I wasn’t going to let him get away with abandoning me.

‘I really appreciate your help, but we haven’t tested either hypothesis about Alice. You know, 
whether she has left me or someone has taken her. I told you that Alice’s ratings of satisfaction and 
our relationship look good, so does this mean we can rule out her leaving me?’

The doctor shrugged and smiled at me. ‘I am a humble counsellor. I deal with emotions, not 
numbers. Perhaps you should ask an expert.’

‘But I don’t know any experts,’ I pleaded.
‘Maybe your new friend Milton can help,’ he said sarcastically and walked out, holding up five 

fingers to remind me of how long I had left in his office.

Check Your Brain: What is the difference 

between reliability and validity?

 Measurement error is the difference between the numbers used to represent the 
thing that we’re measuring and the actual value of the thing we’re measuring.

 The validity of a questionnaire or instrument is whether it measures what it sets 
out to measure.

 The reliability of a questionnaire or instrument is whether it can be interpreted 
consistently across different situations

Zach's Facts 2.4 Measurement issues
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KEY TERMS
Binary variable

Categorical variable

Coding

Concurrent validity

Construct

Content validity

Continuous variable

Criterion validity

Dichotomous variable

Discourse analysis

Discrete variable

Face validity

Grounded theory

Interval scale

Levels of measurement

Measurement error

Nominal scale

Operational definition

Ordinal scale

Predictive validity

Qualitative research

Quantitative research

Ratio scale

Reliability

Response bias

Reverse phrasing

Reverse scoring

Scales of measurement

Test–retest reliability

Validity

 1 Describe the main sections of a research report.
2 What is the main difference between qualitative and quantitative research?
3 Look at the variables in Figure 2.2 and complete Table 2.3.

 JIG:SAW’S PUZZLES
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Table 2.3 Table to classify variables from Figure 2.2

Variable Qualitative or 
quantitative

Level of 
measurement

Continuous or 
discrete?

Responses to questions on the Relationship 
Assessment Scale

The sum of responses to questions on the 
Relationship Assessment Scale

Name

Sex

Occupation

Significant other

Age

Height

Weight

College grades

Depression

Anxiety

Life satisfaction

4 After his conversation with Alice, Zach was 
wondering how he could sell more of his 
band’s T-shirts. He found an article claiming 
that sales could be estimated from the price of 
the T-shirt and how sick the fans thought the 
design was (from 0 = totally lame to 10 = totally 
on trend):

Sales
Design

Pricei
i

i
= +

+
20

10

2

Use the equation and the values in the  
Table 2.4 to calculate the sales that would be 
generated from each combination of price  
and design. Complete the final column of  
the table.

Table 2.4  Possible selling price and 
design ratings of T-shirts

Price Design Sales

10  0

10  5

10 10

15  0

15  5

15 10

20  0

20  5

20 10

25  0

25  5

25 10
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Table 2.5  Mood scores after a Reality Enigma gig

Person Mood Score

1  2

2  6

3  7

4 10

5  4

6  2

7  3

8  5

9  5

10  7

Table 2.6  Minutes per day spent on 
memoryBank

Person Average Time spent on memory- 
Bank (minutes per day)

1 35

2 60

3 20

4 120

5 5

6 15

7 25

8 45

9 60

10 50

5 Calculate:

n

n
=

∑
1

4
2

7 Calculate:

20
5 8 2

2
7

2

+
−( )

−

6 Calculate:

15
2 7 2

4 3
5

2+( )
×( )













−

8 Zach measured 10 people’s mood score out of 
10 (0 = worst ever mood, 10 = best ever mood) 
after one of his band’s gigs (Table 2.5). 

9 Table 2.6 shows the average minutes per day 
that 10 Chippers spend on memoryBank looking 
at other people’s lives. Using the scores in the 
table and remembering to use BODMAS, 
calculate:

i

n

ix
=
∑

4

 Use the values in the table to 
calculate:

i

n

ix
=
∑

2

3

i
ix

=
∑

4

9
2
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10 Nick asked fans on memoryBank to rate 
how likely they thought it was that Alice had 
been abducted and, also, how likely they 
thought it was that Alice had dumped Zach. 
Ratings were from 0 = not at all likely, to 
10 = certain (Table 2.7). Using the scores in the 

table and remembering to use BODMAS, 
calculate:

i

i

i=
∑

5

8 2Dumped
Abducted

Table 2.7  Likelihood (out of 10) of Alice having been abducted vs. her 
having dumped Zach, as rated by 10 fans

Fan Abducted Dumped

1 3 3

2 2 6

3 3 7

4 4 7

5 2 6

6 3 5

7 2 5

8 3 9

9 3 6

10 4 5

IN THE NEXT CHAPTER, ZACH DISCOVERS …

A cat
Probability distributions
Frequency distributions
Skew and kurtosis
What women (and men) want
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