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Theoretical Tests of Index Numbers

An index number is correct when it is based on clear scientific rules.
Therefore, theoretical tests are used to check whether the index number is accurate
and can measure the real change in prices or quantities.

One of the tests used to check the accuracy of index numbers is the time
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The time reversal test shows whether the index number gives a logical result
when the time periods are reversed. If the new index is the reciprocal of the original
index, that is, if the product of the two indices equals 1, then the index number
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If we replace the current-period prices with the base-period prices
(Z po/Z p ) the time-reversed index is obtained, and the product of the two indices
1
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This indicates that the index number has passed the time reversal test.The
same applies to the weighted aggregate price index using base-period quantities
(Laspeyres index).
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Its time-reversed index is (Z Po q1

indices is equal to .......

YDy th)’ and the product of the two
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However, the Paasche index does not satisfy the time reversal test, as shown below.

As for the Fisher index, ...

(Z . ql/Z Po CI1) i (2 P qO/Zpl CIo) #1

As for the Fisher index, ...
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2-Factor Reversal Test

Xr1ds XP1qo

The factor reversal test is a theoretical test of index numbers used to check
the consistency between prices, quantities, and values.
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Basic idea:

This test is based on replacing prices with quantities (or quantities with
prices) in the formula of the price index or quantity index, while keeping the time
reference unchanged. By doing this, we obtain the corresponding quantity index
or price index, which is called the factor-reversed index.
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If the product of the price index and the quantity index is equal to the
value index, then the index number is said to satisfy the factor reversal test.

1) Simple Aggregative Index

The simple aggregative index
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(2 P1 /2 Po) and its factor-reversed form (Z & /2 qo) are given as follows.
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When we multiply the simple aggregative index by its factor-reversed index, we
find that the result does not equal the value index.

(Z pl/Z po) i (2 B X QO) * (Z P ZPOQO)

This means that the simple aggregative index does not satisfy the factor reversal
test, and therefore, it does not reflect the true change in prices.

2) Quantity Indices (Laspeyres and Paasche)

The Laspeyres and Paasche quantity indices also do not satisfy the factor
reversal test.

The product of the Laspeyres index %P1 4o S Do q and its factor-reversed index
040

241 Po ) is not equal to the value index %P1
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Similarly, the product of the Paasche index and its factor-reversed index is not
equal to the value index.
3) Fisher’s Ideal Index

For the ideal index (Fisher index), the product of the index and its factor-reversed
form equals the value index, as shown below.

This means that the Fisher index satisfies the factor reversal test, and this is one
of the important reasons why it is called the ideal index
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Below is an exam-style numerical question that covers both the Time Reversal Test and

the Factor (Coefficient) Reversal Test, using Laspeyres, Paasche, and Fisher—with a full
solution.

Numerical Question

For two commodities, the prices and quantities are:

[1tem][(po))[(qo)][(p2)[(an)
LA J2]10]3]8]
| B5]4]6]6]

Required:

1. Compute the Laspeyres price index I, Paasche price index lp, and Fisher
price index Ig.

2. Compute the corresponding quantity indices Q., Qp and Q.

3. Test the Time Reversal Test for I, lp, and I¢.

4. Test the Factor (Coefficient) Reversal Test for Fisher (and show why
Laspeyres/Paasche fail).

Solution

1) Price Indices

(a) Laspeyres Price Index

b= (Z 8 qO/Z Po Clo) w00

Y pigo = 3(10) + 6(4) = 30 + 24 = 54
> " pogo = 2(10) + 5(4) = 20 + 20 = 40
I = (5%/40) * 100 = 135

(b) Paasche Price Index
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lp = (Z o ql/Z Po Ch) * 100

3" piai = 3(8) + 6(6) = 24 + 36 = 60

Y poai = 2(8) + 5(6) = 16 + 30 = 46

Ip = (69/,¢) * 100 = 130.435

(c) Fisher Price Index

= /P, x Pp =/1.35 x 1.30435 = +/1.76087 = 1.327 (132.7)

2) Quantity Indices

(a) Laspeyres Quantity Index
Y. o D1 £
% Yqip 40

(b) Paasche Quantity Index

Paasche quantity index

Qp =111.11
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Fisher quantity index

Qr = /OQr x Qp = v/1.15 x 1.1111 = 1.1304
Qr = 113.04

3-Time Reversal Test for IL, IP, and IF
Recall the price indices:

Laspeyres price index

H4
. Zplq{] _ ) — 135

- Spogn 40

Iy,

Paasche price index

60
>.rq _ 60 1.30435

; Zﬁnql 46

Iy

Fisher price index

Ir = /I x Ip =4/1.35 x 1.30435 = 1.32698

The Time Reversal Test requires:
Pﬂl > Plﬂ =1

(a) Laspeyres

Reverse Laspeyres:
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Then:

It x I1° = 1.35 x 0.76667 = 1.035
Since:

1.035 # 1
Laspeyres fails the Time Reversal Test.

(b) Paasche

Reverse Paasche:

40
79— %p”q” — = = 0.74074
oy

Then:

IV x I = 1.30435 x 0.74074 = 0.96618

Since:

0.96618 # 1

Paasche fails the Time Reversal Test.
(c) Fisher

Reverse Fisher:
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I} = /10 x I} = /0.76667 x 0.74074 = 0.75359

Then:

I x I1? = 1.32698 x 0.75359 = 1

So Fisher satisfies the Time Reversal Test.

Conclusion
o |L: fails
° IP fai|S
o |F: passes

4) Factor (Coefficient) Reversal Test

The Factor Reversal Test requires:

Po1 x Qo1 = Vin

where
60
=it _
Y poge 40
Fisher index
Ip x QpF = 1.32698 x 1.1304 = 1.5
And since:

Vo1 = 1.5

therefore Fisher satisfies the Factor Reversal Test.
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In percentage form:

132.70 x 113.04
100 a

150

which equals the value index 150150150.

Why Laspeyres fails

It X Qr =1.35 x1.15 =1.5525

But:
Vop = 1.5

Since:

1.5525 # 1.5

Laspeyres fails the Factor Reversal Test.

Why Paasche fails
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Ip x Qp =1.30435 x 1.1111 = 1.44928

But:
Vop = 1.5
Since:
1.44928 #+ 1.5

Paasche fails the Factor Reversal Test.

Final summary

Qp = 115, Qp = 111.11, Qr = 113.04

Time Reversal Test
e Laspeyres: fails

e Paasche: fails
e Fisher: passes

Factor Reversal Test
e Fisher: passes

e Laspeyres: fails
e Paasche: fails
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