
Supplementary Reading 2     

 

Observations and Observational Generalizations  
You have come across the term ‘scientific inquiry’ as an activity that scientists engage in, 
systematically and with awareness. Scientific inquiry is also something we all do at least 
sometimes, though unconsciously.  

Scientific inquiry has two broad components: the observational and the theoretical. The 
observational component involves several abilities, including the ability to: 
• observe the world (using experiments, measurements, and instruments if necessary); 
• gather data, with or without numbers; 
• establish patterns in the data (using statistics when needed); 
• formulate them as observational generalizations; and 
• formulate such regularities as observational laws. 

The theoretical component builds theories to explain the observational generalizations. We will 
return to this component in a later part of the book/course.  

In what follows, we will explore OBSERVATIONAL INQUIRY, to begin to develop an understanding 
of its nature, and the abilities needed to pursue it. 

1. Perceiving, Estimating, and Measuring  
Here is a dialogue between a Teacher (T), and the Students (S) in the class. 

T:  How tall am I?  
S:  Er, we don’t know.  
T: How come you don’t know?  
S: We don’t know because we haven’t measured your height.  
T: Okay, so let me tell you how tall I am. I am 6’4” tall.  
S: No, you can’t be 6’4”. 
T: But you just said you don’t know how tall I am. Then how can you say that I’m not 6’4”? 
S: What we mean is, we don’t know your EXACT height. For that we need to measure. But we 

can look at you, and estimate your APPROXIMATE height.  
T: What is my approximate height? What can you say about my height using your eyes, your 

visual perception, without measuring?  
S: You must be more than 5’ and less than 6’.  
T: So by using SENSE PERCEPTION, you can figure out the RANGE within which my height 

falls, but not the exact point in that range. Suppose I ask you if I am 5’4” or 5’6” tall, you 
won’t be able to tell without MEASUREMENT, right? 

S: Right.  
T: Okay, why don’t you measure my height and tell me what it is?  
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Activity:  Students make the teacher stand against a wall, place a 
hardbound book on his head, touching the wall, and mark the wall with a 
pencil, as in figure 1. They then use a ruler to measure the distance from the 
floor to the mark. They report his height to be 5’6”. 
For this measurement to be accurate, the mark on the wall has to be aligned 
properly with the top of the head of the person: and our eyes must be level 
with the top of the head. As a strategy to avoid distortions, we can place the 
book with its edge perpendicular to the wall. If one edge is held high against 
the wall and brought down till its side touches the top of the head, and we 
then mark on the wall, the result is likely to be reasonably accurate.  

T:  So my height is 5’6”? 
S: Yes.  
T: Before you did the measurement, you used your sense perception to say that my height is 

between 5’ and 6’. This was an OBSERVATIONAL REPORT. You were reporting what you 
observed. You make such reports in your lab experiments when you say, “I poured such and 
such into a test tube, and I observed such and such.” This is just like when an eyewitness in a 
criminal case tells the judge that she saw the accused standing near the dead body with a knife 
in his hand: she too is making an observational report.  

  After taking measurements, when you said that my height is 5’6”, you were making a 
more accurate observational report. Now, suppose I told you that my height is actually 5’ 
6.1”? Would I be telling a lie? 

S:  No. Our measurement is not that accurate. Your height could have easily been a bit more, like 
5’ 6.2”, or a bit less, like 5’ 5.10”.  

T: What if I said that my height is 5’ 8”?  
S: That would definitely be false. Your height is somewhere between 5’ 5.8” and 5’ 6.2”.  
T: Very good. So even your measurement is not exact. You are still giving me a range between 

5’ 5.8” and 5’ 6.2”, not an exact point. One way to express this RANGE OF INEXACTNESS is to 
say that my height is 5’6”, ± 0.2”. The plus-or-minus part indicates the range of inexactness.    

Learning points: Observing, measuring, observational report, importance of specifying the 
range of inexactness in measurements.  

To watch: The first 12 minutes of the youtube video, “Lecture 01: Units, Dimensions, and 
Scaling Arguments: Classical Mechanics” by MIT Professor Walter Lewin 
(https://www.youtube.com/watch?v=X9c0MRooBzQ).  In particular, pay attention when 
he says, “Any measurement that you make, without any knowledge of its uncertainty, is 
meaningless…” (about 4 minutes 40 seconds into the video).  

To read: “Region of Inexactness and Related Concepts”, downloadable from the resources at 
the ThinQ website (http://goo.gl/pU0TEX) 

2. Observational Generalizations 
T:  Let me tell you about my brother. He is 16’ 6” tall.  
S: What? No way.  
T: What do you mean? Have you measured my brother’s height? Have you even seen him?  
S: No.   
T:  Then how do you know that he cannot be 16’ 6” tall?   
S:  No human being can be more than ten feet, or less than two feet. Your brother is a human 

being, so his height cannot be more than ten feet.  
T: How do you know that no human can be more than ten feet or less than two feet?  
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S:  Well, people have measured human height and no one has yet reported the height of someone 
being more than ten feet, or less than two feet tall.  

T: That sounds reasonable. We saw that the height of an individual shows a range of inexactness 
in its measurement. Now you are saying that the idea of range of heights that we noticed there 
applies to the population of humans as well?  

S: (Thinks) Now that you put it that way, yes.  
T: Good. Now, what if I were to tell you that my brother is 5’ 4”?  
S: That sounds quite probable.  
T:  What if I tell you that he is 6’ 6”?  
S: Possible, but less probable. 
T: What if I say 7’6”?  
S: Again, we can’t say impossible, but far less probable. 
T: You are giving me some conclusions! What are they based on? 

Silence. 

 

T: Suppose I say that my brother is 6’ 2”, and my sister is 6’ 8”. How PROBABLE is this? 
S: Less probable than your brother being taller.  
T:  Why is that?  
S:   We know that among humans, males are taller than females.  
T:  Wait a minute. Does that mean that no female can be taller than any male?  
S:  No! It means that in the HUMAN POPULATION, the MEAN HEIGHT of males is greater than the 

MEAN HEIGHT of females. That’s not saying that every male is taller than every female.  
T:  Good. Earlier, we stated an OBSERVATIONAL GENERALIZATION on the height of the 

population of humans, that no adult human can be more than ten feet or less than two feet tall. 
Now you have another observational generalization, a CORRELATION between height and 
GENDER.  

S:  Hmm, did I find that?! YES!  

Learning points: Generalizing from a SAMPLE of observations; REGION OF INEXACTNESS; 
    the RANGE OF DISTRIBUTION, and MEAN as the mid point; 
  comparing the means of two samples that represent two sub-populations (categories). 

3. Quantitative Observation 

To get a deeper understanding of observational inquiry, it would be useful to dip briefly into 
quantitative inquiry. For this, it is best to begin with the concept of DATA POINTS. An example of 
a data point is the observation that KPM is 170 cm tall. Another example would be that TM is 160 
cm tall. Along the dimension of human height, we can represent the location of these two points 
as follows: the horizontal gray line represents a DATA SPACE of human height, and the black dots 
represent the points in this space:  
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If we plot the height of a RANDOMLY SELECTED SAMPLE of a million human beings the same way, 
we will have a lot of dots scattered over a stretch: what is called a SCATTER PLOT. The dots in the 
scatter plot constitute a REGION in the DATA SPACE where DATA POINTS occur, extending roughly 
from 50 to 250 cm. (The shortest human that we know of is 50 cm, and the tallest about 250 cm.)  
What this example illustrates is the VARIABILITY in the heights of the human population: their 
value can be 100 cm, 121 cm, 150 cm, 173 cm, and so on. It also illustrates the LIMITS OF 
VARIABILITY: human height is more than 50, and less than 250. Statistics uses the term 
DISTRIBUTION to refer to the region where data points occur. Once we understand the distribution, 
we can tell where we won’t find any data points.  
Suppose a scatter plot of the SAMPLE of one million humans reveals that the height of adult 
human beings in that sample ranges from 50 to 250 cm. If we are confident that the PATTERN in 
the sample reflects what is true of the POPULATION, that is, what is true of the sample is also true 
of the population, we can state our conclusion as: “The height of adult human beings ranges from 
50 to 250 cm.” This is an observational generalization about the population of human beings.  

For readers who have some familiarity with, and interest in Statistics:  
This generalization uses a form of INDUCTIVE REASONING from the sample to the population. Note that in 
statistics, the RELATION between the data points and the sample comes under DESCRIPTIVE STATISTICS; the 
REASONING that extends the properties of a sample as properties of the population comes under 
INFERENTIAL STATISTICS. 
One more quick point in passing: When we compare the number of humans who are about 165 cm tall with  
those who are about 100 cm and 
200 cm tall, we find that the people 
who are 100 cm and 200 cm tall are 
far fewer than those who are 165, 
and those who are 170 are far more 
than those who are 150. Such 
differences in FREQUENCY are 
compared by plotting height along 
one axis and frequency along 
another, in a two-dimensional 
height-frequency space (figure 3): 

 
The familiar concept of AVERAGE refers to the center of this range. Now, there are three different notions of 
center, namely, mean, median, and mode. To find out more about these notions, and also those of relative 
frequency, the so-called ‘bell-curve’ or ‘normal distribution’, and so on, see Chapter 4 of Derek Rowntree’s 
Statistics without Tears, or Statistics Lecture 3.2 Finding the Center of a Data Set: Mean Median Mode 
at https://www.youtube.com/watch?v=NGGkOa35Sm8. 
Considerations of data points, samples, and population come under STATISTICAL INQUIRY, one of the 
strands of scientific observational inquiry, which includes not only sense perception, but also counting, 
measuring, experimenting, use of instruments; as well as other research methodologies such as surveys, 
interviews, case studies, field work, ethnography, and textual evidence (written or spoken), covering both 
qualitative and quantitative data. 

4. Correlations as Generalizations 
Let us turn to a different kind of observational generalizations. While the data space in figure 2 
has only one dimension, that of height, the data space in figure 3 has two dimensions, height and 
frequency. Another kind of two-dimensional data space involves a  SYSTEMATIC RELATION 
between two variables, say, height and weight.  
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We said that KPM’s height 
is 170 cm. In figuure 2, we 
represented this as a dot 
along the horizontal 
dimension. Let us suppose 
KPM’s weight is 80 kg. We 
could represent this as a dot 
on the vertical dimension. 
We now have a two-
dimensional data space as in   
figure 4, where the dot representing KPM carries two pieces of information, height and weight. 

Now, if we take a random sample of adult humans, measure their height and weight, and 
represent the information about each human as a point in a height-weight space, we will see 
something like the following SCATTERPLOT (figure 5). A scatter plot like this one shows that the 
relation between height and weight is not random: all else being equal, as one increases, the 
other tends to increase. 

This doesn’t mean that in every case, if 
A’s height is greater than B’s, A’s weight 
is also greater; it only means that it is 
HIGHLY PROBABLE that A’s weight is also 
greater. 

 
In such a case, we say that there is a CORRELATION between height and weight among human 
adults. [A CORRELATION is a systematic relation between two variables x and y, such that if we 
know the value of x, we can predict the value of y within a certain range.]  

The standard practice in the visual 
representation of quantitative correlations 
is this: If the scatterplot has a ‘center’ 
where the points are maximally clustered 
together, we draw a line through that 
center, as in figure 6: 

 
Note: In the discussion around statistical representations in figures 1 to 6, we used the ideas of 
‘point, ‘line’, and ‘space’ in geometry: this is a way to understand the concepts of observational 
report (represented as a point), observational generalization (represented as a line, as in figure 6), 
variable (a dimension in a space), and distribution (region in a space). What this does is to extend 
geometry to shed light on statistics. 

5. Types of Correlations 
5.1 Laws and Theorems as Correlations 
Now, the correlation between human height and weight is a correlation that appears in a school 
curriculum under ‘science’. This is a LAW in human biology, like Newton’s laws and Boyle’s law 
in the physical sciences.  

The correlation between the diameter and circumference of a circle is a correlation that appears in 
a school curriculum under ‘mathematics’, familiar to us as the formula, circumference = π times 
diameter. This means that given the value of the diameter of a circle, we can predict its 
circumference. The correlation between the area of an equilateral triangle and the length of its 
sides is also a mathematical correlation. These correlations are called THEOREMs. Thus, theorems 
in mathematics and laws in science are both correlations; they are expressions of regularities. 
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5.2 Positive and Negative Correlations 
The generalizations on the height and weight of humans, the diameter and circumference of 
circles, and the area of an equilateral triangle and the length of its sides, are examples of POSITIVE 
CORRELATION, where the value of one variable increases when the other increases. Correlations 
can also be negative: the observational generalization known as Boyle’s law, which says that as 
the pressure of a given body of gas increases, its volume decreases, expresses a NEGATIVE 
CORRELATION between pressure and volume: as one increases, the other decreases.  

 

 

 positive correlation negative correlation  
Figure 7 

5.3 Linear and Non-linear Correlations 
The examples we have examined so far are LINEAR CORRELATIONS, that is, correlations that are 
representable as straight lines. Not all correlations are linear. For instance, consider the 
correlation between age and height in the human population. Beginning from birth, as age 
increases, height also increases, but when a person reaches around age 20, height stops increasing.  
This yields a curved line, not a straight line. In the 
literature, this is called a NON-LINEAR 
CORRELATION. (Many people use the word ‘line’ 
to mean ‘straight line’, so in that usage ‘non-
linear’ means ‘not a straight line’.)  

5.4 Periodic Correlations 
Some non-linear correlations can be PERIODIC. That is to say, as the value of one variable 
increases, the other keeps alternating between increasing and decreasing. An example of a 
periodic correlation is that between time and temperature in any location on earth. If we measure 
the temperature at a place every hour, we find it rising till the afternoon, and then falling till after 
midnight, and then rising again. This is the daily (24-hour) cycle of a temperature-time    
correlation. If we calculate the mean temperature of 
each day for over a 1,000 days we find thatthe mean 
temperature goes up till it reaches a peak, which we call 
summer, and then goes down, till it reaches a 
minimum, which we call winter, and then goes up   
again, in a yearly (365-day) cycle. 

Similar cycles exist for the duration of daylight, with the longest day being in summer and the 
shortest one in winter. This shows a correlation between temperature and length of daylight.  

PERIODICITY, the phenomenon of the repetition of events along time, is a fundamental property of 
nature. It is found in the position of the moon, the sun, the planets, and the stars; in the waxing 
and waning of the moon; in the monsoon cycles; in the seasonal changes in vegetables, fruits and 
flowers; in the beating of the human heart; and in the movement of a simple pendulum.  

5.5 Qualitative Correlations 
Consider the following patterns, all of which are qualitative correlations, statable as laws:  

Living organisms that produce chlorophyll do not have vertebrae.  
Living organisms that have red blood also have vertebrae.  
Organisms that have vertebrae also have eyes.  
Organisms that have six legs also have compound eyes.  
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Take the two attributes of (i) producing chlorophyll and (ii) having vertebrae. Each has two (and 
only two) values, which we might represent using the symbols + (plus) and – (minus): 
 chlorophyll: produces [+ chlor.] vertebrae: has [+ vert.] 
  doesn’t produce [– chlor.]  doesn’t have [– vert.] 

If we think of this as a DATA SPACE in which each DIMENSION has two VALUEs, we can combine 
these attributes to get four types: 
 a. [– chlor., – vert.] c. [+ chlor., –vert.] 
 b. [– chlor., + vert.] d. [+ chlor., + vert.]  

Now, notice that some of these combinations exist. An octopus is [– chlor., – vert.]; an elephant is 
[– chlor., + vert.]; and a chilli plant is [+ chlor., –vert.]. But the combination [+ chlor., + vert.] 
doesn’t exist. What this says is that, given the data space that the two attributes yield, no organism 
can occur in the region [+ chlor., + vert.]. Similar remarks hold on the other correlations.    

What we have done here is to extend the notion variable from quantitative to qualitative inquiry. 

 


