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mdex numbers are ofte _ AB-STRACT : '

‘ ’ are ojten constructed for continuous variables such as price, weight, volume and
guiniey 6 S"{“"'\V- bur rarely for nominal or ordinal categorical responses. Here, we constructed
::\r.-a\-ﬁ\‘ ::i::r:fs:~r'_{(7t' ordinal categorical variables, called Jibasen-Gazali-Asanya rank price index ( PIG),
e ‘;u-n,'uj.\un‘f index was applied to rent data of residential houses of different categories in Jimeta
.3:;;'rr'(\;»(tfz.v_fr‘mn 2000 - 2015.The method 1akes into cognizance expcﬁdi!ﬁre and type of the properry.
ax weights, rlue' rent was considered as price. The results were compared with exi.rfing‘im:’e,\' methods
,\‘;s’o‘:' as Weighted Dutor Index method, Weighted Carli Index method and Weighted Jevons index
method, The cogfficient of variation (C.V.) for the distribution of price indices was also obtained with
respect 1o cach index method. The result shows that the proposed Index performed relarively well
.\:f‘im‘:g\\'i(:’c existing index methods, since indices obtained from the proposed rank index is bounded by
indices compured from weighted Dutot’s price index, weighted Jevon's and the weighted Carli's price

ndex,
Weywovds: Index number, rank index, categorical data, resideniial rent index

INTRODUCTION

Index number refers 1o statistical techniques for According to Agresti (2002), the development
indicating the relative movements of data where of methods for categorical variables was
measurement of actual movement is difficult, it stimulated by research in social and biomedical
measures the change in the level of production, sciences but not restricted to those areas.
level of business activities and price of Categorical data analysis frequently occur in
commodities that are exchanged for money in a behavioral sciences, epidemiology and public
given geographical area over a period of time health, genetics, zoology, education, marketing,
{Jibasen, 2010 and Asanya, 2016). This and even in highly quantitative fields such as
rechnique has been widely used by statisticians engineering and industrial quality control.

and non-statisticians. The comparison can be
across regions or time period. Index numbers
are constructed for varying and different
purposes such as, commodity price index,
srowth index, consumer price index and
recently residential property price index was
constructed for Nigeria by Olowofeso er al.,
(2012). Index numbers are often constructed for
cominuous variables such as price, weight,
volume and quantity of goods, but rarely for
nominal categorical responses such as, political
affiliations. religion  affiliation, —diagnoses,
contraceptive  methods  used, choice of In this paper we proposed an index mumber
residence. nor for ordinal categorical variables, forronla for ordinal categorical variables, the
such as food preferences, consumer preferences P O A a;plie 4 o vt da;a of
among leading brands of product, social class, rcsi;lcntial houses oé different categories in

patient condition, elc. Jimeta metropolis

Nominal variables are qualitative in nature, they
vary only in quality not in quantity, and also
ordinal variables are ordered categories, they are
often treated as qualitative using methods for
nominal variables. But in many respect, ordinal
variables more closely resemble interval
variables, they possess important features, hence
analyst often utilize the quantitative nature of
ordinal data by assigning numerical scores to
categories or assuming an  underlying
continuous distribution (Agresti, 2002).

B heep://mambiliajse.org/webmail
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REVIEW OF LITERATURE

Index numbers are divided into two major types;
the un-weighted and the weighted indexes. The
un-weighted index includes;

(1) Simple index number, otherwise known as
relatives (price relatives, value relatives, etc.)

(1

where,/, — index at period t, P; - price or value.

at period t,and F, - price at the base period

(2) Dutot’s price index (P?) otherwise called,
Simple aggregate index —the total of commodity
- prices (value) in the given year as a percentage
of total prices (value) in the base year, this was
developed by Dutot (1738) and is;

PP = 2Py 100

Tpo ®

(3) Carli’s price index (P©), otherwise called,
simple average of relatives index; where the
averaging procedure may be the arithmetic
mean, geometric mean, harmonic mean, median
etc. The Carli price index falls in this category
using the arithmetic mean, thus, the Carli (1764)
index is given as,

Pt
Pé = Z—N/—p x 100 3)
(4) Jevons’ price index (P’): This is the
geometric mean of price ratios Py/P;,, it was first
suggested by Jevons [1863] and is given as:

P/ =11, 25X 100

(see, Jibasen(2010),Gupta (2011) and
Asanya,( 2016))

(4)

The weighted indexes includes:

(4) The Laspeyres’ price index uses base-period
prices to compare aggregate production levels in
two periods. This was developed by Laspeyres
(1871). The formula is given by:

N A0rC
"2 p(0g(0)

(5) The Paasche’sprice index was proposed by
Paasche (1874) uses the quantities of the current

period as weight,the formula for Paasche’s price
index;

X 100 (5)
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(6) The Fisher's ideal price index (propogeg b
Fisher (1922)) is the geometric mean g i
Laspeyres” and the Paasche’s indexes, i give,

as;

060 X g0

- (Zp,(o)qi(m](zp,(O)q;(t)J“‘

(7

For further discussions on weighted indexe,
number methods see Fisher (1922), Eichhgp,
(1978) and Gupta (2011). Tt-should be noted thy
all the index numbers listed make uge of
continuous quantitative variables. The propose(
index makes use of ordinal categorical variable;
as weights,

MATERIALS AND METHODS

The Jibasen-Gazali-Asanya (P/%) Ranked
Rent Index Method: :

The Jibasen-Gazali-Asanya (P/¢) rank price
indexstemmed from the-index number proposed
by Gazali (2015), named Gazali-Jibasen ren
rank index and is given as,

Y. B(OW,(R)
G-J=-

= X 100
2 ROW,(R)

(8)

This method was found to be very inconsisteit
and biased. This method is now modified and.
called Jibasen-Gazali-Asanya (P/G) rank prict
index. The modified method fakes in?
cognizance expenditure on the property, becaust
often times rent depends on the cost incurred O
the property, aside other factors. The modificd
index is given as:

pJG — ZEaWiPuRir +, . 9)
L2 WiPoRio L

where,

ool
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W, =

Eip+ Ejr

[2,....,m) Lo+ Ei)’ (=

Ei, andE;; = Mean Expenditure on the h

on rent (MEH) in base period and th OPSCS
respectively. For items other than hOUCPCHOdt
Q,—o.andQ,-t is used as the quantity at tshc i
period and the period t respectively ¢ base

Rit anFi Rio= Rank of mean house rent (MHR
in penot.j ¢t and the base period such that [h)
house with the lowest MHR takes the first ra E
while the highest get rank m. These rank :

weights. o

m = category of houses under study.

P, and Pin; Mean House Rent (MHRY) in period
t and at the base period respectively,

When MEH is not available then equation (9)
reduces to (10) respectively,

pIG() = TP, PicRic

ZiZ; PioRio %100 (10)
Remark: when the ranks on MHR are not used
equation (9) is approximately the weighted
Dutot’s price index as given below.

piG(2) = %’f_”;x 100 (1D

i=1 WiPio

C_omputational Procedures

Step 1: For house type (or jtem)i in period €,
assign rank R; to each of the i"™ such that the
lowest price takes the first rank and the highest
et rank m. Where ties occur, the i™ items that
have equal prices are assigned average of the
ranks. ;

Step 2: For house type (or itemji (i=1,2,...m)

in base period and in period ¢, a common weight
w; (i.e the aggregaie percent proportion of the
criteria for weighting in both periods under
consideration)  is assigned 0 reflect the

importance of each m items.

Step 3: For eachhouse type (i=1, 2,....m) obtain
W, PiR;; and W,PR;,, and sum Of the values
obtained, that is, obtain,

m m
Z W,P;; Ric and Z WiPio Rio
i=1 e
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Step 4: Substitute the values cbtained in step (3)
in formula (9) or (10) as the case may be and
compute for the required index number.

Test of Consistency of Jibasen-Gazali-Asanya
Rank Index Formula

Jibasen-Gazali-Asanya Rank Price Index (P/7)

was subjected to all the axiomatic test 0;
adequacy of elementary indices using logical
statement and mathematical proof (without zny
loss of generality the factor100 is removed from

all proofs) as follows,

Positivity Test: Since price of goods and
services can neither tzke negative value nor zero
value then the proposed Index (PG5 is strictly
greater than zero. Hence, the proposed Index
(PJ©) satisfies the positivity test.

Continuity Test: Provided the price (P..P.) for
goods and services are always available, the
proposed Index (P/¢) is a continuous funciion
of its arguments. Hence, the proposed Index
(PG satisfied the continuity test.

Identity/Constant Prices Test:Jibasen-Gazali-
Asanya Rank Price Index

(PJ6Y satisfies identity/constant prices
test, that is,
PI6(Pig, Pip) = P1® (P Pr)=1 (12

Proof:

Let us consider prices of commodity at base
period Py, then P1® (Pyg . Pio) is given by

IR WiPwli
I~
Yz WiPioRis

pie

pic =41
pJG = | {proved}

Proportionality in Current Prices Test: Jibasen-
- - - 3 I~ -

Gazali-Asanya Rank Price Index (P/%} saiisfies

proportionality in current prices test for 2.> 0

PI&(P,, . P;)=rP/C(P P 13

Proof:




-

)
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_ Time Reversal Test:Jibasen-Gazali-Aggy,

AET) WiPiaRic Rank Price Index (P/%) satisfics time rcw:rga::,
LR, WPKLR, test
= A PIS (P, P (Po, P) = 1/PTC (P, Pu) (1
Pil) s
(proved) Proof:

idering the RHS,
Inverse Proportionality in Base Prices Test: Considering

Jibasen-Gazali-Asanya Rank Price Index (P/€)
satisfies inverse proportionality in base prices
test forA>0

Lo eyl 1
/PIG(P“" Pll) Zm%= 1 W[Pffnf(

=7
Li=3 WiPioRio

PIG( NPy, Py) =N"'PIE(P,, P = I+
(APio, Pit) (Pios Pie) S Wi

Z,’Zl WiPioRio

(14)
Proof: = Ix
LI, WiPiRi '
= i"iehi Zﬂ; WiPioRio
PIE (1, = ShatoRs Sl
i=1 VirlioRio _ Z?;;WEPMR”
= zlnzll WiPioRio
e, WiPicRie ¢ ;
lZFl; WiPioRia =Pj (Piw pil) ’
LHS {proved}
= N'PIG(P,, A
Py {proved) Circularity Test: Considering Pi, Py and Py
as prices of commodities at three successive |
Monotonicity in Current Prices Test: Jibasen- periods, Jibasen-Gazali-Asanya Rank Price .

Gazali-Asanya Rank Price Index (P/©) satisfies Index (P/€) satisfies circularity test;
monotonicity in current prices testfor Py; < P; .
d J s PIC. (P, P,) PIC (Py, Pr) = PIC (P, Py

PI€ (Pig, Piy)<P'%(Pyy, Pe) an
Proof: i
Invariance to Changes in ‘ \
Units/Commensurability Test:Jibasen-Gazali- PIC(Py, P,)) P/C (Pyy, Pu) = L, WiPinRix
Asanya Rank Price Index (P/¢) satisfies - “ o ZiLaWiProRio
: : 5 : ey Liza WiPiaRiz
invariance to changes in units/commensurability S WP R
test for it A >0 =1 WiPi1Riz “
PIS(APi, APy) = PIC (P, Pi)  (15) =
Ziz; WiPizRiz
Proof: : ; 21 WiPioRio
PJG(;\,P' AP, = T, WidPicRie = pl@ (Pior |
iy ith= ZE:.:-W- APioRio Piz)
m ' {Prove
— Mﬁﬁ!ﬁ d)

T AT WiPioRig
Multiperiod Identity Test: Considering P;, .Fi

M WPiR; : . g
_ Ziz1 WiPieRit and Pjas prices of commodities at thelr ©

Ziz1 WiPioRio successive periods, Jibasen-Gazali-Asanya Rank |
= PIS (P, P) Price Index (PIE) satisfies multiperiod identity
test:
{Proved) . PIS(Py, Py) xPIC (P, P) xP/O (P2

P;(}) = 1 (]8)
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Proof:

PIS(Po, Pi) xPIC(P
LR, WiPhRi
T, WiPwoRi

i Pu) xP/Gep
T w2 XPO(Pa, )
= i IZR[' om 0
ci=1 Hilia Ry
2 o Li=  W(PRy,

TR, wyp
=1 YiPnR S
lo >-‘t=1 W‘P':‘-Rlz

-

bl ::bl {proved)
B a L
" RS:nk c;?iczh(;wn that ._Iibascn-Gazali~
o il n@x (P7%Y satisfics the
ucity in Base Prices Tes(, Mcan Vi
Test, Price Bouncing test, Comm(;ditytll{lcvé:'lsﬁ
W

Test/Symmetric treatment of
2 mn o
(2016). ent of outlets, sce Asanya

DATA ANALYSIS AND RESULT

Th.e proposed Jibasen-Gazali-Asanya Rank
Pr1f:e I-ndcx (P’%) was used to compule
residential rent index and the results were
corr}pared with existing index methods such as
We{ghlcd Dutot Index method (Dutot (1738))
Weighted Carli Index method (Carli (1764)) anci
Weighted Jevons index method (Jevons (1865)).

s Weighted Dutot’s Price Index: This
is also referred to as the Weighted
Aggregate Price index. The price
index formula is given by:

m
PWD=*——§;‘§$::Z x 100 (19)

(i) Weighted Carli’s Price Index: This
’ is also referred to as the Weighted
Arithmetic Mean of Price Relatives.

This is given by:

m Pir
PP = 2= Wilgy, ): TR, WiP
- ZE1WI' Elwl
(20)

Where Wjis the weight attached to the price

relatives,P = -—ﬁ“ X 100
io
o Price index (P*)

referred to s Flm
Mean of Price

(i) Weightcd Jevo
“This is also

Weighted Geomctrirt _
Relatives. The weighted GM of
price relatives is given by:
m. W
1/21-—1 { . (21)

P = [(E:ﬁx 100)W‘]

Taking logarithm of both sides, W€ get

; vironment
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g | DA Wi logGlt > 100) |
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Comparison Criterion

The coefficient variation (C.V): The coefficient
of variation (C.V) is given by:

CV.= ;x 100 (22)

Whereais the standard deviation and X is the
mean of the computed indices per index method,

Data Presentation

The data for this work were collected from an
estate agent, Faruna and Co, Nigeria Ltd located
along  Abubakar Atiku Way, ncar Jimeta
Shopping Complex, Jimeta,-Yola, Adamawa
State. The data include the Mean Housce Rent
per annum (MHR) and Mean Expenditure on the
house (MEH) for each category for the period of
2000 - 2015. The data were originally obtained
by Gazali (2015) and updated by Asanya
(2016). The housc types arc categorized  as
follows: Single room (SR), Room and parlor
(RP), One bedroom self-contain (OBS), Two
bedroom flat (2BF) and Three hedroom  flat
(TBF). The data were collected from  the
following arcas of Jimela metropolis: Karewa.
Army Barrack, Bekaji, Behind PZ., Jambutu and
Shagari Housing Eslate Phase [, The data are
presented in Table l.
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"l“nl‘)‘le L: Mfm“ house rents (MHR) per annum (in “000
¢n 000 Naira) for different Category of houses within.
Behind PZ (PZ), Jambutu and ShagariHousing Estate Phase

-

Jibese N :
M

Naira) and Mcan Expenditure (MER)
Karewa, Army Barracks (A/B), Bekaii |
I (Shagari I) Residential ArEaé,' i |

Year 2000 2005 2010 2015
Kaowa  MHR MEH — MHR  MEH  MHR _ MBH _ MHR MEH
SR 15 4500 30 900 40 1,200.00 80 2,400.00

RP 30 9000 60 1,800.00 80 240000 100 3,000.00
OBS 50 1,5000 80 2,400.00 120 3,600.00 200 6,000.00
2BF 80  2,400.00 130 3.000.00 150 4,500.00 350 10,500.0
3BF 100 3,000.00 180 5.400.00 220 6,600.00 500 15,000.00
A/B I
SR 15 450 30 900 40 1,200.00 80 240000 |
RP 30 900 60 1,800.00 80 2,400.00 100 3,000.00
OBS 50 1,500.00 80 2,400.00 120 3,600.00 200 6,000.00

2BF 80  2,400.00 130 3,900.00 150 4,500.00 350 10,500.00
3BF 100 3,000.00 180 5,400.00 220 6,600.00 . 500 15,000.00
Bekayji %
SR 30 900 30 900 50 1,500.00 100 3,000.00
RP 60 1,800.00 60 1,800.00 70 2,100.00 150 450000 |
OBS 70 2,100.00 80 2,400.00 100 3,000.00 175 525000 |
2BF 100 3,000.00 130 3,900.00 150 4,500.00 275 .- 825000 |
3BF 120 3,600.00 180 5,400.00 200 6,000.00 375 1125000
Pz |
SR 10 300 20 600 30 900 80 2,400.00 |
RP 20 600 40 1,200.00 70 2,100.00 120 3,600.00 |
OBS 40 1,200.00 50 1,500.00 100 3,000.00 150 4,500.00 |
2BF 60  1,800.00 110 3,300.00 100 3,900.00 225 675000 |
3BF 100 3,000.00 150 4,500.00 200 6,000.00 300 9,000.00 |
Jambutu
SR 10 300 s 450 25 750 50 1,500.00
RP 20 600 30 900 50 1,500.00 70 2,100.00 |
OBS 80  2,400.00 45 1,350.00 70 2,100.00 100 3,000.00 8
2BF 100 3,000.00 100 3,000.00 130 3.900.00 175 525000 |
1BF 120 3,600.00 140 4,200.00 170 5,100.00 250 7,500.00 8
Shagaril ' "l*j
SR 30 900 60 1.800.00 80 2,400.00 100 3,00000 |
RP 50 1,500.00 80 2,400.00 90 2,700.00 110 3,300.00
OBS 70 2,100.00 100 3,000.00 105 3,150.00 125 375000 |
2BF 100 3,000.00 150 4,500.00 180 5,400.00 200 6,000.00 ¢
3BF 150 4,500.00 200 6,000.00 235 7,050.00 275 8250.00
Faruna and Co. Nigeria limited, Yola
Mombilla: jouraal of Sciences and the Environment 68 1‘
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RESULTS
The data were analyzed using
nibasen-Gazali-Asanys Pri
Dibasen-Lazait-Asanyg R i
. ow 3 N a] , e
without MEH (PS™ and ﬂ\‘ Price Index (PIGy
et 1 cec .n:s. i\\’nhou[ ranks (PO
s MCST eL i S '
el o \\}\H&lmg.\\dc Weighted
* 2 ' S : i
method and Welghte e

1*mnl\ Table 3, the proposed index performed
relatively well compare 10 some existing index.
because indexes computed from proposed
method falls between figures computed [rom the
other three methods.

pro 1\(\‘\-cd the

d Jevons i Index
s ndex

method, for ~ From Table 4 indexes computed from the

proposed index performed relatively well as

those from existing method.

companrson,

Table 2: Residenti
22 tial Rent Index i
1dex of Jimeta Metropolis for the year 2015 using 2000 as the basc
year, computing P'¢

Arca G -
Kq:_\\‘m‘ P G P.\Cl( [} PJG{Z\ PWD PW{: PWJ
G - 4 e
Army Barracks 4?]'91 45741 46434 46433 45322 449.57
B i q:}).l? 42345 43362 43895 42203 414
— ;9--9} 286.77 28834  288.11 28515  283.6
Jambutu 2040 34835  245.11 34594 41095 39048
S T T 190.99 22385  189.32  189.32 214.56 199.8
;\: = 189.29 192.61 19434  194.34  207.65  203.75
chot- 38.11 33.13 39.50 36.83 33.10 13.80

g 3: i i :
Table 3: Residential Rent Index for Jimeta Metropolis for the year 2015 using 2005 as the basc

year, computing P'¢
G(2)

Area PJG Plcm Pwn ch PWJ
Kaewa 271.29 264.09  267.52  267.51 259.72 257.34
Army Barracks 258.38 2.4448 25000  251.79 239.35 414
Bekaji 211.89 21547  215.69 215.69 226.95 283.6
Behind PZ 210.1 220.14 217.98 217.98 246.17 390.48
Jambutu 180.87 186.26 183.99 183.99 199.99 199.8
Shagari Phase [ 135.68 135.38  136.37 136.37 137.78 203.75
CV. 23.62 23.25 14.32 72.32 20.31 31.49

al Rent Index for Jimeta Metropolis fo

r the year 2015 using 2010 as the base

Table 4: Residenti
w
Area p'G prac pet? pYo pve PV
Kaewa 220.63 211.5 215.34 21533 206.6 202.86
Army Barracks 210.14 195.8 201.03 202.72 191.04 185.91
Bekasi 18626 1866 18705 18705  189.05 1887l
Behind PZ 156.61 157.87 157.8 159.24 167.86 165.65
Jambutu 143.33 143.12 143.34 143.34 143.35 145.08
Shagari Phase I [15.85 11619 11642 11642 11749 11741
c \,“ 23.58 21.26 22.05 22.09 19.80 18.97
- 5 shows that the coefficient of variations
Table 2 shows M - proposcd_dr:n};x;:ttisz Zr?clij leindices computed from the proposed

1ods falls within those of the other methods.

7 ngsl
oly well along !

performed relativ

index with or wi

ranks.
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DISCUSSION Carli, G. (1764). Del valore ¢ dellapropgy,;,
The results of the test of consistency of index de.me[al'li monetati, r'e;:l)lmt.egl_ in pp. 3,
number revealed that the sroposed ank index 336 in Scrittoriclassiciitaliap;

. > . f
number formula satisfies all the tests of economiapolitica, Vol, 13, Milang: G.G,

Table 5: Residential Rent Index for Jimeta Metropolis for the year 2010 using 2005 as the
year, computing P

P PG pio) p'ot® PWD pYc pW
Kaewa 12318 124.86 12454 - 12454 1277 125
Army Barracks 12318 124.86  124.54 12454 1247 127.15
Bekaji 11374 11577 11522 11522 11955 1188
Behind PZ 134.04 12986 12876  136.6 146.43 143.75
Jambutu 126.17 130,15 12826 12826 12826 . 13502
Shagari Phase I 117.12 116.51  117.12  117.12 117.12 116,98
C.V. 81.36 80.86  81.25 80.40 78.56 78.04

consistency of elementary index formula as
shown in section 3. The analyses in Table 2to 5
show that the proposed rent index formula give
indices that are bounded by the weighted
Dutot’s price index, weighted Jevon’s and the
weighted Carli’s price index.

This work thus shows that the theory of index
number can be extended to any situation; for
discrete as well as continuous variates. Since the
results obtained from the proposed rank index is
bounded by indices computed from weighted
Dutot’s price index, weighted Jevon’s and the
weighted Carli’s price index.Also, the proposed

© index number formula is the first of its kind

since it uses of two weights, ranks and
expenditure. The ranks and the expenditures
were used as weight together when available,
and either can be used singly. The proposed
method can also be use to compute indexes that
are not necessarily rent. Thus, we recommend
the use of the proposed formula in computing
index number.
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