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ABSTRACT 

      This study is all about post-occupancy evaluation of modification of residential buildings in   Federal 

Housing Estate Trans-Ekulu and Abakpa Nike Housing Estate Enugu, South-Eastern Nigeria. This was 

aimed at determining the operational consumer group- factors that are necessarily required to be 

considered in the program and design of public residential buildings for optimal performance; developing 

a mathematical method that can be used in conducting post-occupancy evaluation for an efficient public 

housing delivery and determining the necessity for the consumer-participation and input at the design and 

construction stage of public housing development. The evaluation is based on a theoretical frame work of 

tripartite quality of architecture established by a Roman Architect Marcus Vitruvius Polio; Utilitas 

(functionality), Firmitas (strength and rigidity) and Venustas (aesthetic).The methodology involves six 

research approaches: archival retrieval; comparative mapping; physical trace identification; observations; 

questionnaires and interviews. Fifty two performance criteria were developed and used in the evaluation: 

Twenty five for Functionality Factor; Nineteen for Aesthetic Factor; and Eight for Structural Issues. 

These came in form of structured questionnaires administered to sample population of 525 building 

consumers from the population of 1598. The result revealed that the Overall Modification Index for 

model predicted data was 0.9253 and overall   experimental data was 0.9252. Overall Deviation of model 

predicted data from the experimental data was 0.01 percent. Average Modification Index for Trans-Ekulu 

Housing Estate was 0.9415. Average Modification Index for Abakpa Nike Housing Estate was 0.9092. 

Coefficient of modification for Abakpa Nike Housing Estate was 1.0177. Coefficient of modification for 

Trans-Ekulu Housing Estate was 0.9828. Modification Indices as a result of operational design factors: 

functionality, aesthetic and structural factors in Trans-Ekulu Housing Estate were 95.1 percent, 96.7 

percent and 95.9 percent respectively. Modification Indices as a result of functionality, aesthetic and 

structural factors in Abakpa Nike Housing Estate were 95.0 percent, 96.2 percent and 97.3 percent 

respectively. 100 percent of the respondents from the housing estates submitted that they were not 

involved in the design and construction of their buildings. From the feed-back information from the 

building consumers, a mathematical model 𝑴𝑰𝑬𝑨𝑽 = 𝜽 was developed. The results implied that in order 

to achieve mass housing that would meet the needs and aspirations of the consumers, the concept of 

Equilibrium of Appropriate Balance (Construct-Functional Aesthetic Balance) has to be applied. 

Additionally, consumers of building products should be involved at the programming, design and 

construction stages of their buildings. 
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1.0 INTRODUCTION 
In a bid to investigate the frequent modification of residential buildings in public housing estates 

in Enugu, South-Eastern Nigeria and establish the operational design factors behind the action, 

that could be used for optimal performance of future housing delivery, a post-occupancy 

evaluation of modification study of Trans-Ekulu and Abakpa Nike Housing Estates was 

undertaken. For the sustenance and dynamism of livelihood, every urbanizing area is 

characterized by the construction of either temporary or permanent structures for the purpose of 

shelter which is the second necessity of life [1]. The quest for housing has tremendously 

increased in the study area that Government has sought to alleviate this problem through mass 

housing initiatives. The Nigeria Building Society which was set up in 1956 was the first major 

attempt by Government to finance home ownership in the country. The Society was set up under 

an arrangement between the Colonial Development Corporation, the Central Government and the 

Government of Eastern Nigeria. The introduction of Regional Housing Corporation soon 

followed; with that of the Federal Territory of Lagos known then as the Lagos Executive Board. 

The Board and the Regional Corporations were charged with the powers to acquire land, develop 

and manage housing estates and to make loans available to people who qualified for such loans 

to build their own houses. One of such Regional Corporations was Eastern Nigeria Housing 

Corporation. The impact of this Corporation was felt in Enugu where it developed the Abakpa 

Nike Housing Estate phase 1 before the civil war in 1967. After the civil war and the creation of 

three new states from the former Eastern Region, the East Central State Housing Development 

Authority was established in 1970 and by the time of bifurcation of the state in 1976, it had 

begun work in the Riverside Housing Estate Abakpa Nike and the Trans-Ekulu Housing Estate 

both in Enugu. Following the creation of Anambra and Imo States in 1976, the Anambra State 

Housing Development Corporation was established by Edict No 10 of 1976. Apart from 

continuing with the projects started by the Authority, it went ahead to expand both the Abakpa 

Nike and Trans Ekulu Estates in Enugu. It was under the Corporation that work was begun on 

the phase VI project of Trans- Ekulu in 1987.  
 

The provision of public housing in Enugu has been on the increase and this might be as a result 

of rural-urban migration. Proper preliminary studies were never carried out on consumers of 

these housing developments prior to the formulation, programming, design and implementation 

of the programs. The immediate implications are that user needs and preferences are not 

adequately considered and integrated in these programs and the consumers react to this misfit in 

several ways of modification which have resulted in constant change of cityscape.  The common 

factor with these housing estates is that they are of the same design. The process of mass housing 

has resulted in post-occupancy modification of interior and exterior spaces to suit each individual 

family needs and to reflect their preference and identities. The rate of post-occupancy 

modification of residential buildings in public housing estates in the study area is a cause for 

concern to developers and stakeholders in the housing sub-sector of the economy and as such 

demands urgent investigation. One would ask if post-occupancy modification is a crime that it 

should be investigated. Post-occupancy modification of residential buildings in public housing 

estates is an acknowledgment of their failure and it deflates the exalted regard for the architect 

and the social role of architecture on society. For the sake of posterity there is every need for the 

cityscape to be maintained so that future generations will understand historical development of 

architecture in the study area. In every society, there are certain elements which become 

indispensable to its identity. One of such elements is building or just a land mark which carried 

with it the history of the society. It may be as a result of the function of such a building or group 
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of buildings in the past dispensation. The destruction or modification of such an element does not 

only change the cityscape but also touches on the psychology of the people. This is because Post-

Occupancy Modification is a distortion of the Zeitgeist (Ideas and Spirit of Time) as interpreted 

by the architect, who having the access to the key of the spirit of an époque, evolved and created 

the “new absolutes”. This the architect does through first as medium of knowledge, as absolute 

medium of reflection; and second as absolute creator, chosen to have the function of sublime task 

of interpreting the „truth‟ of the things. It is of note that the architectural designs and drawings of 

the residential buildings in the housing estates which are being modified were in their days 

succeeded to be registered and approved for construction thus became a contract of the architect 

with the society‟s spirit of the time (Zeitgeist) for generation of a material culture of a people, the 

making of the built environment history of the people in their place. And so, the post-occupancy 

modification constitutes a breach, as it were, of an essential aspect of that contract; it distorts not 

only the history but the process as elements of construction alien to the Zeitgeist, are introduced 

thus manipulating the harmony of a people‟s built environment historical development, 

especially in their material culture. The built environment is at the very heart of the identity of an 

urban centre. It reflects the lifestyle, social organization, artistic practices, and the architectural 

adaptation to cultural and religious factors [2]. It is a representation of a society‟s values and 

aspirations. Architecture of housing estate, which is part of the built environment, is created for a 

number of reasons which include: communication of information; establishment of identity; and 

encoding of value systems [3]. During the last decades, creation of local profiles and attempts to 

define identity of a place was a major concern in many aspects of development in Enugu. In line 

with this deliberate strategy, housing estates constitute an important component in a long-term 

ambition to create a profile of one‟s own and to shape an intentional narrative about the place of 

destination [4]. Architecture of housing estates is a means of storey-telling and narration, and 

provides the basis for understanding the identity of a people [5].  

 

The role of architecture of housing estate in society cannot be over-emphasized. Alberti felt 

impelled to cite the benefits to society of beautiful well planned buildings like housing estates: 

„They give pleasure; they enhance civic pride; they confer dignity and honor on the community; 

if sacred, they can encourage piety; they may even move an enemy to refrain from damaging 

them [6]. Quatremere) saw architecture as a mode of expression, parallel to language and similar 

in nature. Like language, architecture evolves and with that evolution comes to serve a 

progressive social purpose. Hence architecture and architects of the housing estates can be the 

instrument of social improvement [7]. Hearn maintained that good architecture inspires the 

citizens who have incorporated it into their daily lives, because it expresses and at the same time 

reinforces the highest values of their society. He further opined that it contains the most palpable 

evidence of their historical experience, endowing the surrounding landscape with the cultural 

meaning that makes poetic. Moreover, it manifests the inner spirit of a people, witnessing to their 

distinctive identity. The architect assumes the importance of realizing all these important 

missions. When he is successful, he has contributed to and improved his society [8].  Viollet-le-

Duc believed that architecture is a product of logical analysis, providing for a functional need 

with a suitable structure while employing appropriate materials [9]. Frank Lloyd Wright, Walter 

Gropius, and Le Corbusier shared an exaggerated notion of the profound effect that good and 

well-ordered architectural design such as housing estates and the architect who designed it could 

have on society [10]. Post-occupancy modification has a negative impact on the built 

environment and the identity of the society at large and therefore, should be thoroughly 

investigated. The outcome of this evaluation is expected to improve the design of future public 
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residential buildings and minimize the incidence of modification and defacing of housing estates 

in Enugu.  
 

Study Area 

The estates are located in Trans-Ekulu and Abakpa Nike in Enugu, South-Eastern Nigeria. 

Enugu is approximately located within latitude 06
o
 21

1
 N to 06

o 
30

1
 of equator and longitude 07

o
 

26
1
 E to 07

o 
37

1
E of Greenwich meridian. It has an estimated land area of about 72.8 square 

kilometers. Rapid urbanization has increased the population of the city from 482,977 in 1991 

to722, 664 in 2006 [11]. The seasons in the study area are the Dry season and Rainy season. The 

Dry season starts in October and ends in May. It is accompanied by dust laden air mass from the 

Sahara Desert, locally known as Harmattan, or by its main name, The Tropical Continental (CT) 

air mass, while the rainy season is heavily influenced by an air mass originating from the 

Atlantic Ocean, locally known as the south west trade wind or by its main name The Tropical 

Maritime (MT) air mass. The Tropical Continental air mass starts in December and subsides in 

May. Solar radiation intensity in South Eastern Nigeria varied from 151W/m2 in august to 

207W/m2 in April with annual average of 186W/m2. The dry season average value is 199W/m2 

while rainy season average is 156W/m2 
 

Enugu experiences heavy and abundant rainfall. These storms are usually convectional in nature 

due to the regions proximity to equatorial belt. The study area receives between 2000mm to 

3000mm of rain per year and experiences double rainfall maxima characterized by two rainfalls 

speaks with a short dry season and a longer dry season falling before and after each peak.  The 

first rainy season begins around March and lasts to the end of July with a peak in June, this rainy 

season is followed by  a short dry break  in August known as August break which is a short dry 

season lasting for two or three weeks in August. This break is broken by Short rainy season 

starting around early September and lasting to Mid October with a peak period at the end of 

September. When buildings are not well protected, dampness can occur. Dampness in buildings 

constitutes a potential hazard to health and comfort and it is also a source of aesthetic and 

material damage [12]. 
 

The temperature ranges in the study area are almost constant throughout the year. The study area 

records a mean maximum temperature of 28
o
C for its hottest month‟s ranging from February to 

march before the rain storms in June to October while its lowest mean temperature is 26
o
C in its 

coldest months ranging from July to September. The temperature difference is not more than 

2
o
C. 

 

Enugu has a mixture of flat, undulating and rugged topography. Inland from South-Eastern 

coasts are progressively higher regions. In some areas, such as the Udi Hills northwest of Enugu, 

escarpments have been formed by dipping rock strata. The study area supports a mixture of 

savanna and a luxuriant type of dense vegetation – the tropical rain forest because of the very 

heavy rainfall and uniformly high temperature. The vegetation is set on flat plains, hills and 

valleys. The vegetation comprises a multitude of evergreen trees that yield tropical hardwood, 

e.g. mahogany, ebony, greenheart, cabinet woods, palm trees, and dyewood. These trees supply 

most of the wooden building materials required in the area 
 

Residential land-use accounts for the highest land use area and it comprises about 54.3% of total 

urban area in Enugu. Enugu has about twenty (20) distinct neighborhoods that may be broadly 

categorized as low, medium and high residential density areas. It is pertinent to note that specific 

housing types are typical of each residential density area. For example, tenements buildings 

dominate high-density areas such as Ogui New Layout and Obiagu neighborhoods; block of flats 
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are prevalent in New Heaven and Achara Layouts - a medium density area. In the low-density 

areas such as Abakpa Nike and Trans-Ekulu housing estates, bungalows and duplexes are 

common. Planned and unplanned areas sprang alongside Enugu metropolis as a result of a high 

demand for residential accommodations.  

 

Aim and Objectives  

The research aims at evaluating the post-occupancy modification of residential buildings in 

public housing estates in Enugu which will generate the factors/variables necessary to be 

considered in policy formulation, program development, architectural design and planning of 

future public housing estate in the zone for optimal performance. The specific objectives were: to 

determine the operational design factors that are necessarily required to be considered in the 

program and design of public residential buildings; to develop a mathematical method that can 

be used in conducting post-occupancy evaluation for an efficient public housing delivery and to 

determine the necessity for the consumer-participation and input at the design and construction 

stage of public housing development.  
 

2.0 METHODS   

Field studies (field investigations or field surveys) approach was adopted in this study covering 

Trans-Ekulu and Abakpa Nike Housing Estates. This study was carried out unobtrusively using 

the instruments of research design and procedures consistent with studies under field 

investigations. Six research approaches were employed for the elicitation of the data used in this 

work and they have been derived from the studies of Groat et al [13] and Voordt et al [14]. These 

approaches were: comparative mapping through systematic sampling process; Physical Trace 

Documentation which enabled the researchers to understand the nature and extent of post-

occupancy modification; Environmental Observational Approach was a technique used to 

investigate the relationship between human activities and physical settings in the housing estates; 

Questionnaires and interviews were used to explore whether the needs and aspirations of the 

consumers were met by the original design; Archival Retrieval method was used to help retrieve 

documents such as original layout plans, site plans, plot designs and building construction 

techniques from Federal Housing Authority(FHA) and Enugu State Housing Corporation. The 

final step employed was the evaluation which was based on the content of Vitruvius traditional 

tripartite elements of architectural composition as follows: 

 Functional: Reach ability, Accessibility, Efficiency, Flexibility, Safety, Spatial   orientation, 

Territoriality, privacy and social contact, Physical well-being (lighting, noise, heating, draughts, 

humidity); Aesthetic: Visual quality, Order and complexity, Representational quality, Symbolic 

and semiotic value, Visual as cultural history and Structural/Constructional: Fire safety, 

Constructional safety, Building physics, Environmental friendliness, Sustainability [15].  

 

Probability sample technique was adopted which is one in which each person/ object in the 

population has an equal, or, at least, a known, chance (probability) of being selected [16]. The 

researchers used principle of systematic sampling because the population of the residential 

building units in the selected public housing estates within the study area is geographically 

concentrated. The authors worked out a sampling fraction by dividing the required sample size 

by the size of the population (𝑛/𝑁), then selecting one case out of every (𝑛/𝑁) case in the 

population. This enabled the collection of information from a representative group good enough 

to permit conclusion to be drawn about the large study group. A template of one out of every 

three buildings was developed for the sample population. This resulted to sample population of 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 456 
 

525 building units and 525 building consumers from the population of 1598 building units and 

1598 building consumers. The data collected was organized, summarized and presented using 

Tables, Charts and figures. The returned questionnaire was collated and analyzed using SPSS 

software and Microsoft Excel.  
 

 

3.0 RESULTS AND DISCUSSION 
 

Measurement of Consumers’ reactions towards Frequent Modification of their Residential 

Buildings 

The study measured consumers‟ reactions towards certain aspects of their residential buildings in 

terms of functionality, aesthetic and structural. The parameter consists of twenty-five inter-

correlated items on functionality to which respondents/consumers were required to indicate their 

degree of agreement or disagreement. In the same vein, another index consisting of nineteen 

inter-correlated items on aesthetic were administered to the same building consumers while 

another index comprising eight inter-correlated items on structural issues were administered for 

them to indicate their degree of agreement or disagreement.  
 

Responses to these correlated items under various identified design factors were summed up to 

produce aggregate scores using tables. However, relative rather than absolute values are more 

useful as performance criterion. Hence, the responses were further categorized into three classes, 

namely: agreed, disagreed, not applicable. In addition, these summative values were correlated 

with values of consumers‟ responses on why they embarked on modification of their residential 

buildings derived from more detailed responses in the structured questionnaire.  

The questionnaire contained open and closed-ended questions, covering all aspects of research 

objectives. These included items on the functional issues of housing types, accessibility, 

efficiency, flexibility, safety, spatial orientation, territoriality, physical well-being; aesthetic 

issues of visual quality, representational quality, symbolic values, visual and cultural history; and 

technical issues of structural safety, sustainability, environmental friendliness. 
 

Operational Symbols: 

TR- Total Respondent; NR- No Response; R- Response; PSF- Points Supporting Functionality; 

PAF- Points Against Functionality; FIF- Functionality Input Factor(X); RAM- No of Respondent 

Accepting Modification; MAR- Modification Acceptability Ratio; PSA- Points Supporting 

Aesthetics; PSC- Points Supporting Constructional/Structural Issue; PAA- Points Against 

Aesthetic; PAC- Points Against Constructional Issue; AIF- Aesthetic Input Factor(Y); CIF- 

Constructional Input Factor(γ); M1- Modification Index; MIEAV- Average Modification Index for 

housing estates in Enugu Nigeria. 

 

Background Information on Formulated Equations: 
In equation 1, Functionality Input Factor (FIF) is derived from points out of 25 point- questions 

from respondents who modified their buildings because of lack functionality divided by addition 

of points supporting functionality and points against functionality. In equation 2, Aesthetic Input 

Factor (AIF) is derived from points out of 19 point- questions from respondents who modified 

their buildings because of lack aesthetic value divided by addition of points supporting aesthetic 

and points against aesthetic. In equation 3, Constructional Input Factor (CIF) is derived from 

points out of 8 point- questions from respondents who modified their buildings because of 

constructional value deficiency divided by addition of points supporting construction and points 

against construction. In equation 4, Modification Acceptability Ratio (MAR) is derived from 
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respondents who modified their buildings based on design factor variables (functionality, 

aesthetic and construction/structural) divided by addition of those respondents who modified 

based on design factor variables and those who rejected factor variables. In equation 5, 

Modification Index (Experimental) 𝑀𝐼𝐸𝑋𝑃 is derived by addition of functionality input factor of 

modification acceptability ratio, aesthetic input factor of modification acceptability ratio and 

constructional input factor of modification acceptability ratio divided by 3. In equation 6, Overall 

Modification Index (𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 ) is derived from summation of average modification indices for 

the two housing estates studied. In equation 7, The Error Factor or Deviation of model predicted 

results from those of the field work (DV) is derived from subtracting experimental value from 

predicted value and dividing the result by the experimental value and finally multiplying by 100 

percent. In equation 8, The Correction Factor (CF) is introduced by introducing a negative sign 

to Deviation Factor (DV).  
 

𝐹𝐼𝐹 =
𝑃𝑆𝐹

𝑃𝑆𝐹+𝑃𝐴𝐹
   ……………… (1) 

 
 

𝐴𝐼𝐹 =
𝑃𝑆𝐴

𝑃𝑆𝐴+𝑃𝐴𝐴
   ……………….. (2) 

 
    

𝐶𝐼𝐹 =
𝑃𝑆𝐶

𝑃𝑆𝐶+𝑃𝐴𝐶  
   ……………… (3)  

 
 

 

 

 

𝑀𝐴𝑅 =
𝑅𝐴𝑀

𝑇𝑅
   ……………………… (4) 

 
 

𝑀𝐼𝐸𝑋𝑃 =
1

3
[𝑀𝐴𝑅𝐹𝐼𝐹𝑖 + 𝑀𝐴𝑅𝐴𝐼𝐹𝑖 + 𝑀𝐴𝑅𝐶𝐼𝐹𝑖 ] … (5) 

 
 
 

𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 = 𝑀𝐼𝐼𝐴𝑉 + 𝑀𝐼𝐴𝐴𝑉 + 𝑀𝐼𝐸𝐴𝑉  ……………… (6) 

 
 

 

 

𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝐷𝑉 =
𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  𝑉𝑎𝑙𝑢𝑒 −𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  𝑉𝑎𝑙𝑢𝑒

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  𝑉𝑎𝑙𝑢𝑒
× 100% … (7) 

 
 
 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 𝐶𝑓 =  −𝐷𝑉  ………… (8) 

𝐶𝑓 =
−100[𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  𝑉𝑎𝑙𝑢𝑒 −𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  𝑉𝑎𝑙𝑢𝑒 ]

[𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  𝑉𝑎𝑙𝑢𝑒 ]
  ……….. (9) 

 
 
 

𝐶𝐸1  =  𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑇𝑟𝑎𝑛𝑠 − 𝐸𝑘𝑢𝑙𝑢 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝐸𝑠𝑡𝑎𝑡𝑒 

 

𝐶𝐸2  =  𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝐴𝑏𝑎𝑘𝑝𝑎 𝑁𝑖𝑘𝑒 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝐸𝑠𝑡𝑎𝑡𝑒 

 
𝐶𝐸  =  𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝐸𝑛𝑢𝑔𝑢  

 

 

Federal Housing Estate Trans-Ekulu Enugu, Nigeria (FHETEEEN) 

 
𝑀𝐼𝐸 =  𝐴3𝑙𝑛𝑋 +  𝐵3𝑙𝑛𝑌 +  𝐶3𝑙𝑛𝛾 +  𝐷 
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𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑡𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 − 𝐴3,𝐵3,𝐶3 𝑎𝑛𝑑 𝐷 
 

𝑊𝑒𝑟𝑒 𝐴3  =  0.1610,𝐵3  =  0.1437,𝐶3  =  0.0779,𝐷 =  0.9792 
 

𝑀𝐼𝐸 =  0.1610𝑙𝑛𝑋 +  0.1437𝑙𝑛𝑌 +  0.0779 𝑙𝑛𝛾 +  0.9792 
 

 Abakpa Nike Housing Estate Enugu, Enugu (ANHEEEN) 

 

𝑀𝐼𝐸 =  𝐴3𝑙𝑛𝑋 +  𝐵3𝑙𝑛𝑌 +  𝐶3𝑙𝑛𝛾 +  𝐷 
 

𝐼𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑡𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 −  𝐴3 ,𝐵3,𝐶3 𝑎𝑛𝑑 𝐷 
 

𝑊𝑒𝑟𝑒 𝐴3  =  0.0266,𝐵3  =  0.0750,𝐶3  =  0.0208,𝐷 =  0.9229 
 

𝑀𝐼𝐸 =  0.0266 𝑙𝑛𝑋 +  0.0750 𝑙𝑛𝑌 +  0.0208 𝑙𝑛𝛾 +  0.9229 

 
Table 1: Evaluations for Modification Index of Selected Housing Estates in Enugu                

ESTATE MOD EXP SYMBOL WKS 

ANHEEEN 4.5458 4.5456 E1 5 

FHETEEEN 4.7067 4.7068 E2 5 

Total 9.2525 9.2524  Total = 10 

 
Overall Modification Index for model predicted data and experimental data are obtained by: 

 

𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 =

9.2525

10𝑊𝑒𝑒𝑘𝑠
= 0.9253 

 

𝑀𝐼𝐸𝑥𝑝
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 =

9.2524

10𝑊𝑒𝑒𝑘𝑠
= 0.9252 

 

 

𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =
[0.9253 − 0.9252

0.9252
× 100 = 0.01% 

 

This is the overall deviation of model predicted data from the experimental.             

 

                     𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 = 𝐶𝐸𝑀𝐼𝐸𝐴𝑉   ………………………………… (10) 

 

                               

                                             𝐶𝐸 =
𝑀𝐼𝑀𝑂𝐷

𝑂𝑣𝑒𝑟𝑎𝑙𝑙

𝑀𝐼𝐼𝐴𝑉
   ………………………… (11)              

                          𝑊𝑒𝑟𝑒𝑀𝐼𝐸𝐴𝑉 =
[𝐸1]

[5𝑊𝑒𝑒𝑘𝑠 ]
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=
[4.5458]

5𝑊𝑒𝑒𝑘𝑠
 

                  

                               

                                                    = 0.9092. 
 

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑡𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑀𝐼𝐸𝐴𝑉  𝑖𝑛𝑡𝑜 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (11) 

 
 

                                               𝐶𝐸1 =
0.9253

0.9092
 

             

𝐶𝐸1 = 1.0177 
 

                            𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦 
 

                                                𝐶𝐸2 =
0.9253

𝑀𝐼𝐴𝐴𝑉
    ………………   (14) 

               

                            𝑊𝑒𝑟𝑒 𝑀𝐼𝐴𝐴𝑉 =
[𝐸2]

[5𝑊𝑒𝑒𝑘𝑠 ]
 

                                                  

                              

                                                       =
[4.7076]

[5𝑊𝑒𝑒𝑘𝑠 ]
                                                                                                                                        

                                                       =  0.9415 
 

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑡𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑀𝐼𝐴𝐴𝑉  𝑖𝑛𝑡𝑜 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (14) 
               

𝐶𝐸2 =
0.9253

0.9415
 

              

𝐶𝐸2 =  0.9828 
         

 

   2𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 = 𝐶𝐸1𝑀𝐼𝐸1𝐴𝑉 + 𝐶𝐸2𝑀𝐼𝐸2𝐴𝑉   …………… (15) 

  

 

   𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 =

1

2
[𝐶𝐸1𝑀𝐼𝐸1𝐴𝑉 + 𝐶𝐸2𝑀𝐼𝐸2𝐴𝑉]  ………….. (16) 

  

 

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑡𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝐶𝐸1 ,𝑎𝑛𝑑 𝐶𝐸2 𝑖𝑛𝑡𝑜 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (16) 
 

 

 𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 =

1

2
[1.0177𝑀𝐼𝐼𝐴𝑉 + 0.9828𝑀𝐼𝐸2𝐴𝑉 ]  ….. (17) 

 

 𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 = 0.5089𝑀𝐼𝐸1𝐴𝑉 + 0.4914𝑀𝐼𝐸2𝐴𝑉 ]  ……. (18 
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          𝜀 =  0.5089𝛼 +  0.4914 𝛽  … (19)                               

 

        

                                       𝑊𝑒𝑟𝑒  𝑀𝐼𝑀𝑂𝐷
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 = 𝜀   

                    

                                            𝑀𝐼𝐸1𝐴𝑉 = 𝛼                          

                                            𝑀𝐼𝐸2𝐴𝑉 = 𝛽 
 

                                                               𝑀𝐼𝐸𝐴𝑉 = 𝜃 
 

           

𝐶𝐻𝐸𝐶𝐾𝐼𝑁𝐺 
 

Substituting the values of 𝛼,𝛽 and 𝜃 into equation (20) and equating to the value Modification 

Index (0.9253) 

 

0.9253 =  (0.5089 𝑥 0.9092 +  0.4914 𝑥 0.9415 ) 
          

                  = 0.4627 +  0.4627  
0.9253 =  0.9254 

 
Therefore, Post-occupancy Modification Evaluation for Housing Estates in Enugu, South Eastern 

Nigeria can be conducted using the model: 

 

[ε =  0.5089α +  0.4914 β ] 
Where MIE1AV  =  Average Modification index for Trans− Ekulu Enugu housing estate  

             MIE2AV  =  Average Modification index for Abakpa Nike housing estate. 
             MIEAV  =  Average Modification index for housing estates in Enugu Nigeria. 

                     ε =  Overall Modification index for Enugu Nigeria. 
                   CE1  =  Coefficient of Modification for Trans− Ekulu. 
                   CE2  =  Coefficient of Modification for Abakpa Nike. 

                  Based on the foregoing, in Enugu South − Eastern Nigeria 
  Overall Modification index ε =  0.9253 or 92.5% 

 

Federal Housing Estate Trans-Ekulu Enugu (FHETEEEN) 

 

Table 2: Functionality Factor 

WK TR NR R PSF PAF FIF RAM MAR 

1 50 01 49 20 05 0.800 43 0.8600 

2 50 02 48 22 03 0.880 44 0.8800 

3 50 01 49 25 00 1.000 49 0.9800 

4 50 00 50 25 00 1.000 50 1.0000 

5 50 01 49 22 02 0.920 47 0.9400 
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Table 3: Aesthetic Factor 

WK TR NR R PSA PAA AIF RAM MAR 

1 50 01 49 15 04 0.7895 44 0.8800 

2 50 02 48 17 02 0.8947 45 0.9000 

3 50 01 49 19 00 1.0000 49 0.9800 

4 50 00 50 19 00 1.0000 50 1.0000 

5 50 01 49 19 00 1.0000 49 0.9800 

 
Table 4: Construction Factor. 

WK TR NR R PSC PAC CIF RAM MAR 

1 50 01 49 00 02 0.750 46 0.9200 

2 50 02 48 05 03 0.625 44 0.8800 

3 50 01 49 07 01 0.875 47 0.9400 

4 50 00 50 08 00 1.000 50 1.0000 

5 50 01 49 08 00 1.000 49 0.9800 

 
𝑀𝐼𝑀𝑂𝐷 =  0.1610𝑙𝑛𝑋 +  0.1437𝑙𝑛𝑌 +  0.0779 𝑙𝑛𝛾 +  0.9792 

 

 

   

     Table 5: Variation of Modification Index 

𝑀𝐼𝐸𝑋𝑃  𝑀𝐼𝑀𝑂𝐷  𝐷𝑉(%) 𝐶𝑓(%) 

0.8867 0.8869 +0.02 −0.02 

0.8867 0.9060 +2.18 −2.18 

0.9667 0.9688 +0.22 −0.22 

1.0000 0.9792 −2.08 +2.08 

0.9667 0.9658 −0.09 +0.09 

𝐴𝑣 = 0.9414 𝐴𝑣 = 0.9413 − −− −−− 

                             

 

Graphical Representation of Variation of Modification Index with the Operational Factors 
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Figure 1: Variation of Modification Index with Functionality Input Factor. 

 
 

 
Figure 2: Variation of Modification Index with Aesthetic Input Factor. 

 

 
Figure 3: Variation of Modification Index with Construction Input Factor 
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Abakpa Nike Housing Estate (ANHEEEN) 
 

Table 6: Functionality Factor. 

WK TR NR R PSF PAF FIF RAM MAR 

1 55 03 52 19 06 0.7600 47 0.8545 

2 55 02 53 23 02 0.9200 50 0.9091 

3 55 05 50 22 03 0.8800 47 0.8545 

4 55 03 52 24 01 0.9600 50 0.9091 

5 55 02 53 25 00 1.0000 53 0.9636 
 

Table 7: Aesthetic Factor. 

WK TR NR R PSA PAA AIF RAM MAR 

1 55 03 52 19 00 1.0000 52 0.9455 

2 55 02 53 16 03 0.8421 50 0.9091 

3 55 05 50 15 04 0.7895 46 0.8364 

4 55 03 52 19 00 1.0000 52 0.9455 

5 55 02 53 17 02 0.8947 50 0.9091 

 

 
Table 8: Construction Factor 

WK TR NR R PSC PAC CIF RAM MAR 

1 55 03 52 08 00 1.0000 52 0.9455 

2 55 02 53 08 00 1.0000 53 0.9636 

3 55 05 50 06 02 0.7500 47 0.8545 

4 55 03 52 08 00 1.0000 52 0.9455 

5 55 02 53 05 03 0.6250 49 0.8909 

 
MIMOD =  0.0266 lnX +  0.0750 lnY +  0.0208 lnγ +  0.9229 

 
                                  Table 9: Variation of Modification Index 

𝑀𝐼𝐸𝑋𝑃  𝑀𝐼𝑀𝑂𝐷  𝐷𝑉(%) 𝐶𝑓(%) 
0.9152 0.9156 +0.04 −0.04 
0.9273 0.9078 −2.10 +2.10 
0.8485 0.8958 +5.57 −5.57 
0.9334 0.9218 −1.24 +1.24 
0.9212 0.9048 −1.78 +1.78 

𝐴𝑣 = 0.9091 𝐴𝑣 = 0.9293 −− − −−− 
 
Graphical Representation of Variation of Modification Index with the Operational Factors 

 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 464 
 

 
Figure 4: Variation of Modification Index with Functionality Input Factor. 

 

 
Figure 5: Variation of Modification Index with Aesthetic Input Factor. 

 
Figure 6: Variation of Modification Index with Construction Input Factor. 
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The Extent of Consumer-Participation in the Design and Construction of their Residential 

Buildings 

 

In Abakpa Nike Housing Estate, questionnaires were administered to 275 respondents and 260 or 

94.6 percent responded as shown in Figure 7 and Table 10. The data showed that 100 percent of 

the respondents involved in the programming, design and construction of their buildings. It was 

the same approach in Trans-Ekulu Housing Estate as shown in Table 11 and Figure 8, where the 

whole 245 respondents submitted that they were not consulted at the design and construction 

stages of their housing units. The resultant effect remains that their needs and aspirations were 

not met and they embarked on the modifications to remedy the situation. 
 

 

Table 10: Extent of User Participation in the Original Programming, Design and Construction of 

Building Units in ANHEEEN. 
week Total No of 

Respondent  

No of Non- 

Responses 

 No of 

Responses 

Participated in 

Programming 

Participated 

in Design 

Participated 

in 

Construction 

Had No Part in 

Programming, 

Design and 

Construction. 

1 55 03 52 00 00 00 52 

2 55 02 53 00 00 00 53 

3 55 05 50 00 00 00 50 

4 55 03 52 00 00 00 52 

5 55 02 53 00 00 00 53 

Total 00 00 00 260 

 

   
Figure 7: Bar Chart Showing Number Distribution of Respondent‟s Participation in 

Programming, Design & Construction of Their Buildings in ANHEEEN 
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Table 11: Extent of User Participation in the Original Programming, Design and Construction of 

Building Units in FHETEEEN 
week Total No of 

Respondent  

No of Non- 

Responses 

 No of 

Responses 

Participated in 

Programming 

Participated 

in Design 

Participated 

in 

Construction 

Had No Part in 

Programming, 

Design and 

Construction. 

1 50 01 49 00 00 00 49 

2 50 02 48 00 00 00 48 

3 50 01 49 00 00 00 49 

4 50 00 50 00 00 00 50 

5 50 01 49 00 00 00 49 

Total 00 00 00 245 

 

 

   
Figure 8: Bar Chart Showing Number Distribution of Respondent‟s Participation in 

Programming, Design & Construction of Their Buildings in FHETEEEN 

Findings and Deduction 

From the statistical analysis, the following findings were made: 

 Overall Modification Index for model predicted data was 0.9253. 

  Overall   experimental data was 0.9252. 

 Overall Deviation of model predicted data from the experimental data was 0.01 percent. 

 Average Modification Index for Trans-Ekulu Housing Estate was 0.9415. 

 Average Modification Index for Abakpa Nike Housing Estate was 0.9092. 

 Coefficient of modification for Abakpa Nike Housing Estate was 1.0177. 

 Coefficient of modification for Trans-Ekulu Housing Estate was 0.9828. 

 Operational Design factors that necessitated post-occupancy modifications in the study 

area were functionality, Aesthetic and Constructional/Structural factor. 
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 Modification Indices as a result of functionality, aesthetic and structural factors in 

Trans-Ekulu Housing Estate were 95.1 percent, 96.7 percent and 95.9 percent 

respectively.  

 Modification Indices as a result of functionality, aesthetic and structural factors in 

Abakpa Nike Housing Estate were 95.0 percent, 96.2 percent and 97.3 percent 

respectively. 

 100 percent of the respondents from the housing estates submitted that they were not 

involved in the formulation/programming, design and construction of their buildings.  

 

That buildings in the housing estates studied had undergone various forms of modification 

(minimal, limited and multiple), implied that these buildings before undergoing post-occupancy 

modifications lacked protective and domain or territorial functions. A building is functional if it 

meets its protective function [17]. Zeeman added that a functional building should also satisfy its 

territorial function e.g. consumers have to enjoy privacy, safety and security. The inability of the 

buildings in the estates studied to satisfy this function led to this type of post-occupancy 

modification (addition of fence). A building should satisfy social and climatic functions where a 

building creates spaces in which people can carry on their activities optimally [18]. The 

buildings also lacked symbolic or aesthetic function before undergoing modifications. Leaman 

suggested that a building should be seen as the material embodiment of the specific ideas and 

expectations and as such should be seen as a cultural object with social and cultural significance 

and meaning [19]. This implied that the consumers modified their buildings based partly on 

aesthetic design factor in search of identity and image. Consumers of building products believe 

that a building only becomes architecture when it plays a part in aesthetic and cultural discussion 

implying that there should be expression of experiential value, conveyance of meaning, visual 

quality, aesthetic and symbolism [20].  

 

The buildings originally failed to satisfy functional or utility quality and as such could not be 

suitable for the activities that were meant to take place inside. A building should fulfill its 

required functional quality or utility value without which it falls within the premise of building 

failure [21]. 
 

From the above discussions, aesthetic, functionality and constructional issues were established as 

operational design factors that could not be ignored at the formulation/programming, design and 

construction stages of public residential buildings in Enugu South-Eastern Nigeria. This was in 

line with the three components of architecture distinguished by Vitruvius as: 

utilitas(functionality or utility value: the social dimension), firmitas(strength and rigidity: the 

technological dimension) and venustas (beauty: the aesthetic dimension) [22]. The graphical 

representation of variation of modification index with design factors (functionality, aesthetic and 

construction), indicated that none of the design factors was considered above the rest. This was 

in line with the architectural philosophy (The Equilibrium of Appropriate Balance) which is an 
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attempt to reconcile and bring design factors into equilibrium. It is of great importance to 

intellectually balance operational design factors. This philosophy is what the researchers entailed 

Construct-Functional Aesthetic Balance. These three factors represent the absolute minimum 

derivative constituent parts without which architecture would not be meaningfully complete and 

satisfactory in the design of residential buildings in public housing estates in the study area. The 

„Equilibrium of Appropriate Balance‟ describes the state of intellectual balance between 

opposing design forces and actions that is deliberately designed to be in harmonious balance. 

The artistic balance created by design is theoretically in place for entire life of the building. This 

Construct-functional Aesthetic Balance is the artistic soul of the building. 
 

The importance of Equilibrium of Appropriate Balance (Aesthetic, function and Construction) 

cannot be over-emphasized. By considering the design factors as three parts of a whole, 

maximizing each factor, and striving to create a thoughtful balance between the factors, better 

design can theoretically be achieved by applying each factor in the most appropriate way. The 

designer should seek to maximize the „Construct-Functional Aesthetic Balance‟ and finding the 

right balance between the design factors would have a great impact on the success of the design. 

This is because Post-occupancy modification takes place whenever there is disequilibrium 

between the operational design factors [23]. The value of aesthetic, balanced with the value of 

function, further balanced with value of constructional factor needs to be clearly demonstrated to 

clients, building users and society. The author observed that the programming and design of 

public residential buildings in Enugu, Nigeria were based only on one portion of a total 

theoretical design-- economic design factor and this has led to frequent modification of 

residential buildings at post-occupancy stage.                 

 
  

 

Conclusion and Recommendations  

 Post Occupancy Evaluation of Modification of public residential buildings in Enugu, 

South-Eastern Nigeria could be conducted with a mathematical model𝑀𝐼𝐸𝐴𝑉 = 𝜃. 

 Public and private mass housing providers in Enugu Nigeria should develop the culture 

of conducting post-occupancy evaluation of residential buildings in the housing estates 

they provide with a view to determining the success of their building products through 

feed-back information from the consumers. This approach would bring the necessary 

improvement required in the housing sector. 

 The consumers of the building products should be involved in the 

formulation/programming, design and construction of their buildings and their opinions 

respected since this research revealed that post-occupancy modification was a reaction in 

response to the short comings of the housing delivery. The post-occupancy modification 

was done in search of missing design factors (functionality, aesthetic and constructional 

issues. 
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 Public and Private mass housing providers should work towards making building 

products consumer-specific but harmonizing elements of architectural composition that 

would determine the character of the housing estate. 

 The designers of the building units in housing estates should adopt the concept of 

Equilibrium of Appropriate Balance which the researchers entitled Construct-Functional 

Aesthetic Balance in their programming and design of building products delivered to the 

consumers. This talks about balancing design factors that necessitate post-occupancy 

modifications. 
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