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1.0 Introduction 

KFUPM campus is a university town that includes (in addition to its educational and administration buildings), housing for students, faculty members and staff, health services in the medical clinic, transportation, shopping area, sports and recreation center, security and other civic amenities. The primary purpose of campus amenities and services is to provide an accommodating, comfortable, and visually pleasing campus setting. Therefore, it is quite vital to assess current space use for improvement of key campus amenities and support services to achieve a high level of satisfaction. In order to develop an efficient action plan to improve the KFUPM campus amenities and services, the following objectives constitute the focus of this project:

• To assess current allocation of space for food, health, Parking, recreation and sport in KFUPM campus.

• To extrapolate the population of KFUPM by 2010 and subsequent projection of space requirement for each of the five services mentioned by 2010.

Scope and limitations: this study focuses on the projection of KFUPM population by 2010 as well as different space factors to determine an appropriate allocation of space for food, health Parking, recreation and sport in KFUPM campus by year 2010.
2.0 Literature Review

It is essential for every educational institution to plan for future, unfortunately no comprehensive plan can be made that will good for all time; therefore it must be expected that responsive planning will become necessary (Brewster 1976). Responsive planning is an important component in the development of new facilities, the replacement of out-of-date facilities as well as safeguarding efficient use of existing facilities. The approach employed is a function of various circumstances which include enrollment projection, changes in educational programs, inventory of the existing facilities including related space and each specific department requirements. Space planning for university activities involves assessment of existing space usage in an institution and projection in a systematic manner of future space requirements considering university long-term educational objectives.

History of university space planning, date as far back as 1924 in American high schools (Fink 1999; Fisher 1999). In the early days the approach was to ask head of a department to estimate how much additional space is required for a definite increase in number of students (Sharma 1999). The errors associated with this approach are perceptibly on the high side. In 1972 UNESCO published a related document which was meant to assist in space planning of higher education institutions. Already, in the late sixties (Bareither & Schillinger 1968) proffered a method for university space planning called "Numeric Method". The technique categorizes space usage in a campus into different categories while describing them in-terms of mathematical model. For each category Space Planning Standards is established which is used to generate projected space requirements for various activities. 

Space planning standards is an estimation of allocation of space per type of activity per person. Because university facilities can be used by more than one person during any period of operation, a space utilization factor has to be considered in estimating requirements. Space planning standards is a criterion for assessing or projecting current and future needs base on specific assumptions of program, enrollment, employment, and/or research growth during a given planning period (Kaiser and Klein 2006). Space Planning Standard has been widely utilized not just as an essential assumption in managing fiscal affairs of a university also as a space management tool for allocating existing facilities and determining future physical facilities requirement. The standard is a useful malleable guideline used in design of university amenities.
Space management is an essential component of facility planning and can be considered a subset of facility planning function. It is a process of projecting space requirements, identifying deficiencies, allocating available space to users in an equitable manner; monitoring use, assisting users with concern on amount of space, but must address quality of space as well. Space management is the skill of maximizing the value of existing space and minimizing the need for new space. (Mohammed Abdul Moied, Dec., 2004). Space management is needed to ensure that: available space is distributed among units so that missions can be performed, providing fair distribution of space among different units, establishing standards for space allocations, preventing unnecessary construction projects and identifying problems with existing space inventories (Brauer, 1992).  

University Space planning process
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A planner must first be acquainted with basic terms of campus space planning, assimilating this concept is the most important single step to be taken in campus space planning and should not be taken lightly; subsequent steps are built on this foundation. One of the most common terms used in describing physical facilities is Assignable square feet (ASF), Fulltime Student Equivalency (FTE). Assignable square feet refers to usable space assigned to a program that is measured from inside wall to inside wall. Long-range educational plan is to precede campus space planning, stated objectives of the university is crucial in defining the direction and magnitude of university's growth for instance planner knowing whether a school has adopted long-range plan will enable the planner project space allocation that are more likely to stand the test of time. Space management depends on a clear understanding of organizational needs and direction (Best et al. 2003).  If there no long-range plan, planner can estimate space requirement adequate for present and, perhaps useful a couple of years later.

For any evaluation process to be objective it has to be preceded with gathering of appropriate data to gain an overview of existing conditions. Intelligence is derived from information, which consists of organized data or facts (Catanese 1979). Assessment of facilities and services requires reliable and accurate information which requires extensive data collection efforts. The process includes definition of data to be collected and standards and guidelines to be used to obtain and define data, information gathered enables a planner to identify which activity is short of space. Most relevant data consist of demographic and spatial related information. This information is important to prove a lack of required space for any service before requesting new space. Too little space may result in inability to function to an appropriate standard, while too much space will carry cost penalties that the university may not be able to sustain. Finding the right balance involves working properly closely with users and understanding the processes and workflow patterns.

Understanding user's needs is a proving ground in university space planning. The process comprises of collection of facts, opinions, judgment, knowledge of future directions and benchmark. In order to have a clear picture of users' opinion a planner might go as far as preparing questionnaire, online survey and interviews. The fifth step is to embark on calculation of an applicable space standard. This is the determination of a space standard per person suitable for a specific service objective; (Fink 1999; fisher 1999) criticized the space standard as one-size-fits-all that does not allow for specialization. Ideally, each institution should set its own standards in planning process through self studies. Frequently, however, time and circumstances do not permit such thoroughness. Reaction of most planners is to search for already calculated standards which have been established elsewhere ready to be applied to his problems (UNESCO 1979).  The essence of summarizing programmatic findings which is the sixth step in the "Numeric model" is to present serviceable data from which the future can be constructed. The final step is to determine need gap which planning "should" meet; by utilizing the inventory data; analysis should be undertaken with regards to condition rating of each services based on Space Planning Standards. Information should be compiled, and reports presented on related matters. "Numeric model" is more refined and proved to be more efficient than it antecedents. The methodology creates a platform to harmonize space planning with the educational objective of the university.
In a facility master plan conducted by Sasaki Associates Inc., Watertown, USA for Bloomsburg University 1999; the project involved comparative analysis of existing and projected space needs for Bloomsburg University using 1995 space standards established by Philadelphia State System of Higher Education. These guidelines define formula for calculating space needs for different types of space typically found in higher education campuses. The formulas used projections of population and enrollment as well as different space factors to determine an appropriate space allocation for each category of uses. 
Kennesaw State University Master plan 2002 the study carried out space analysis by establishing the surplus/deficient between existing space and projected space considering guidelines of the Council of Educational Facility Planners International (CEFPI). Moreover, just having required space without facilities on that space may not actually meet a demand. An inherent requirement for certain services, necessitate deployment of appropriate infrastructure in order to meet those needs. 
2.1 Case study
There is no universal standard in planning university campuses because the concept of King Fahd University of petroleum and Minerals is more of American style, it will be more appropriate to adopt planning standard similar to types used in American universities. 

2.1.1 Bloomsburg University: - presently supports about 8000 students from undergraduate to upper degree students. Sasaki Associates, USA was hired to develop an analysis of current and future space needs for Bloomsburg University. The standard used was based on the 1995 Capital Facilities Planning and Programming Criteria established by the State System of Higher Education. These guidelines define formulas for calculating space needs for 26 different types of space typically found on higher education campuses. The formulas use projections of population and enrollment as well as different space factors to determine an appropriate allocation of space for each use category.

Philadelphia space guideline System for higher education was used. Table 1 shows Assigned Space for different services on Bloomsburg campus against Assignable Square feet according to State space guidelines System as at 1999.
Assignable Square feet for different services (Table1)
[image: image2.emf]Space Type Bloomsburg Projected ASF Standard Assignable Square feet

Athletic 

Facilities 103,900 12.9875

Athletic 

Outdoor 39,340 4.9175

Clinic 2,256 0.282

Food Facility 73,314 9.1642

Recreational 56,868 7.1085


Therefore, standard ASF can be evaluated as follow:

Standard ASF = Projected space for any of the service in Bloomsburg ∕ Total Population of Bloomsburg

Using athletic facility as an example: 103,900 ∕ 8000 = 12.9875 ASF
Applying above method to other services we can calculate Standard Assignable Square feet for clinic, recreation and sport based on State of Philadelphia Standard as shown in the table.
2.1.2 Kennesaw State University Master plan 2002 - Paulien & Associates, Inc. USA was contracted to examine the space needs of Kennesaw State University’s main campus in 2002, major responsibility of Paulien & Associates, Inc. was:
· Application of  appropriate space guidelines to determine space allocation as at  that time and projected space needs; and

· Comparative analysis of space needs by subtracting space allocation for different uses as at that time from projected space. 
The consultants lowered guidelines in research space category so as to not overburden the analysis with an enormous deficit. 
2.1.3 Parking - According to master Plan of University of Georgia prepared by Ayers/Saint/Gross and LRE Engineering, Inc., USA.; there are 17,333 parking spaces at the University of Georgia with about 15,500 parking spaces that currently serve the enrollment of 29,000 students. These consultants assume that if that proportion of students to spaces were maintained in the proposed plan, then University of Georgia would need to provide 18,700 spaces for a total enrollment of 35,000 students.

Therefore

TPS ∕ TS = Constant (ASF parking space per person)

Where

TPS = Total Parking Space

TS = Total Student

15,500 ∕ 29,000 = 0.5345

In their projection of park space for 35000 students they simply did was- 

PSP* Constant = PTPSS

PSP = Projected Student Population

Constant = Parking Space Constant

PTPSS = Projected Total Parking Space for Student

35000* 0.5345 = 18,706

Subsequent conversion of the 18,700 spaces is about 150 acres of surface parking. It is worth mentioning that compared to USA a larger percentage of Saudi Arabia students own a car. This makes more appropriate to use a larger constant (Parking Space Constant) in the case of King Fahd University of Petroleum & Minerals, Saudi Arabia (KFUPM Community Strategic planning committee, 2006).

3.0 Methodology
The approach utilized in conducting the project includes the following steps in sequence:

(a) Conduct a thorough analysis of space allocation relating to food, health Parking, recreation and sport in KFUPM campus
 (b) Compare the current Space allocation in KFUPM campus with reasonable worldwide standards of reputable university campuses. The comparison will certainly take into account the university size in terms of the total capacity and distribution of students, faculty and Staff. 
(c) Extrapolate KFUPM population for 2010 and space requirement for each of the five services mentioned.
(d) Calculate gap which planning "should" meet (Difference between current spaces minus projected needs)
In the benchmarking process, five America universities were selected with population ranging from 10079 for University of Vermont to about 14000 for University of Wyoming. The criteria used in selection was a population of greater than or equal to 10,000 and less than or equal to 15000, the other three universities include Massachusetts Institute of Technology, Tulane University and University of Yale. Each of these universities are similar to KFUPM in terms of size, total capacity and distribution of Students, faculty and Staff .Hence, they are useful for benchmarking. 
KFUPM demographics- This section was concerned with headcount of the university current enrollment as well as forecasting enrollment figures. This helped to estimate existing population of student, faculty and staff population on-campus as well projecting a specific targets of student enrollment for planning intervals of 4 years. This population provided the basis for projecting current and future space needs.
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Current space allocation in KFUPM (Fig. 1)
3.1 Projecting KFUPM Population for 2010
Considering the "Numeric model" space planning for a university campus like KFUPM requires analysis and forecast of the university population. These is achieved by analyzing the nature, and rates of past changes in population, together with a careful estimation of the probable effects of more influential factors, provided valuable clues to future population size. Several approaches in can be employed in forecasting future population, for King Fahd University of Petroleum; exponential change model can be utilized. This model assumes the rate of growth remain the same for each period. Though, numerical increase each year is greater than preceding year, whereas in the linear model it is the amount of growth that is constant for each period Kaiser et.al. (1995).
This form of geometrical model is:

P t + n = P t (1 + r) n
Where P t + n = projected population size in future year, n is the units of time beyond base year t
r = is the rate of growth per unit of time.

By converting the geometric model to an equivalent logarithmic form:

Log P t + n = Log [P t * (1 + r) n]


     = Log P t + nLog (1 + r)     
Relating logarithmic form to general linear equation form

y = a + bx

Then

y = Log P t + n

a = Log P t

n = x

b = constant (we can obtain b by plotting log P against time)
Enrolled graduate student record (Table 2)
[image: image4.emf]2001 1 228 2.357935

2002 2 227 2.356026

2003 3 285 2.454845

2004 4 278 2.444045

2005 5 286 2.456366

2006 6 313 2.495544
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Population Change rate (Fig.2)
Log P t = 2.357935 (log of 228)

b = 0.028 from the graph fig 1.1 (y = 0.028x + 2.3296)

Substituting this value in to the geometrical model

Log P 2010 = Log P t + nLog (1 + r)


    = 2.3579 + n 0.028

Therefore

Log (1 + r) = 0.028

1 + r = 100.028      if   100.028 = 1.066596

Then

1+ r = 1.066596

r = 1.066596 – 1 = 0.066596 is the rate of increase in population of enrolled graduate in KFUPM

Having got the rate the rate of population growth; by using the formula

P 2010 = P t (1 + r) n
P2010 =228*(1+0.066596)10 = 463.3768 will be the forecasted population of enroll graduate student in KFUPM by 2010 if all conditions remains the same 

Extrapolated graduate student population for KFUPM for 2010 against actual population (Table 3)
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1 227 259.379

2 285 276.6526

3 278 295.0765

4 286 314.7274

5 313 335.687

6 358.0424

7 381.8866

8 407.3188

10 434.4445
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Projected population plotted against actual population of enrolled graduate student in KFUPM (Figure 3) 
Applying the geometrical model the following projected values were obtained for KFUPM for 2010 
Projected population for KFUPM in 2010 (Table 4)
[image: image8.emf]Year (2010) Projection

Projected enrollment by 2010 10229

Undergraduate Enrollment

6328

Graduate Full-time Enrollment

435

Graduate Part-time Enrollment

1074

Faculty and staff (F/S)

2392


4.0 Needs Gap Analysis of KFUPM Space 
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*
Recreation services, sports and catering facilities for faculty and staff may be they don’t lack space but they extremely lack quality, organization and immense of unused and underutilized spaces 

** Health facilities lack quality services and resources
5.0 Conclusion
This project presents a framework for KFUPM to measure her performance and a source of information in decision-making that carries out the goals and objectives of the University's long-range vision. Space management continues to be an essential element in total asset management, providing an opportunity for greater utilization of space and minimization of capital programs, reducing recurrent operating costs and providing appropriate solutions to accommodation programs. The result of this study will be a useful input in KFUPM strategic plans as the university overhauls her vision.
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2. Know Your University


Become familiar with role and scope of institution; know the policies, and procedures, etc





4. Establish a data collection system


Gather the data relating to staff and students that are required for analysis and projection of physical facilities





6. Summarize the data


Present the data of facilities available, those in process of construction, and those required








1. Learn the language


Become familiar with terms and definitions





3. Know what you have


Obtain and maintain a physical facilities inventory compatible with the demands for the data.





7. Translate Data into Building Projects


Prepare a building program giving functional relationship of rooms, space requirements by building blocks, and equipment requirements





5. Establish Space Standards


Determine workable physical facility standards for educational programs.
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