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MARYLAND 2003 STATE-WIDE SCHOOL FACILITIES ASSESSMENT 

Allen Abend, Deputy Director, Maryland Public School Construction Programme, United States 

Abstract. This paper provides the background and a summary of the State of Maryland’s 2003 state-

wide assessment of 1 342 school buildings. It presents the 31 standards against which the schools 

were evaluated are provided and the estimated costs, totalling USD 3.85 billion, to bring all school 

buildings up to current standards. Lessons learned and potential universal concepts for use in similar 

assessments are offered. 

Introduction 

The state of Maryland has a total population of about 5.6 million. It has 24 public school systems 
serving approximately 870 000 pre-kindergarten through 12th-grade students aged four to 18 years. 
School systems range in size from about 2 300 to 140 000 students; six school systems have less than 
5 000 students and three school systems have over 100 000 students. Elementary schools serve 
students aged four to 11 years, middle schools serve students aged 12 to 14 years, and high schools 
serve students aged 15 to 18 years. 

Although the state of Maryland delegates considerable authority to local school systems, it is the 
final authority on matters related to educational policy or the administration of the public education 
system. Public education is financed by local school systems (52%), the state of Maryland (40%), the 
federal government (7%) and other sources (1%). State aid per student is distributed on a sliding scale 
based on the relative wealth of each school system. 

In the late 1990s, several public school systems and advocacy groups questioned the equity of 
state aid per student for public education and were seeking legal action. To avoid litigation, in 1999, 
the State Commission on Education, Finance, Equity and Excellence was established through state 
legislation. The commission was charged with reviewing current state education financing formulas to 
ensure adequacy of funding for students in public education. The commission’s final report 
acknowledges that it was not charged with and did not address the issue of school facility equity 
among school systems. In 2002, State legislation, as a result of the Commission’s report, called for the 
establishment of a State Task Force to Study Public School Facilities. 

Background 

The principle tasks of the Task Force to Study Public School Facilities were to review, evaluate 
and make recommendations regarding the adequacy of public school facilities to support educational 
programmes in Maryland. In 2003, the task force identified fundamental standards necessary for an 
adequate school facility, designed a survey instrument, and completed a state-wide facilities survey to 
collect data on the present condition of Maryland’s public schools and their ability to support 
educational programmes. A total of 1 342 schools in Maryland’s 24 public school systems were 
included in the survey. 

The survey was completed in two phases. In the first phase of the survey, existing public school 
facilities were evaluated against 31 standards (listed later in this paper) for new school construction. 
The standards were based on federal, state and local guidelines and standards. In the second phase of 
the survey, costs required to bring public schools up to the standards used in the first phase of the 
survey were identified. The survey instruments were available for schools on the Maryland Public 
School Construction Programme (PSCP) website. 

The majority of the standards in the survey were prescriptive in nature; others were based on 
local standards in each school system. Data were also interpreted according to the situation at the time 
of collection, in July 2003. For projects that were funded but not yet completed, the deficiency was 
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considered corrected if funding for a capital improvement was approved in the fiscal year in which the 
survey was conducted or had been approved in a previous fiscal year to correct a deficiency relating to 
the standards. The survey did not consider capital improvement projects that would be budgeted in a 
future fiscal year. Finally, the survey considered permanent construction only, not relocatable 
classroom buildings. 

Cost estimates 

All costs in the survey were expressed in July 2004 US dollars. New construction to increase 
student capacity – for example building a new school or adding a classroom to an existing school – 
was calculated as follows: 

1. Building and site development USD 156.80 per foot2 
2. Contingency @ 5% USD 7.84 per foot2 

USD 164.64 per foot2 
 

3. Architectural and engineering fees @ 7% USD 11.52 per foot2 
 

4. Furniture and equipment @ 7% of construction 
cost for elementary and middle schools, and 12% 
for high schools 

USD 11.52-19.76 per 
foot2 
USD 187.68-195.92 per 
foot2 

Example 65 000 feet2 (6038.5 m2) elementary school 
USD 187.68 per foot2 x 65 000 feet2 = 

USD 12 199 200 

 

New construction required for educational programmes or support services, for example an 
expanded library/media centre, was calculated using a building cost of USD 140.00 per square foot, to 
which was added 2.5% for site development, 2.5% for contingency, 7% for architectural and 
engineering fees, and 7% to 12% for furniture and equipment. Renovation of existing square footage 
was calculated using a building cost of USD 140 per square foot reduced by a percentage based on the 
age of the building (from 0% for portions of a building 40 years or older to 100% for portions that 
were 15 years old or less). A 5% contingency and 7% for architectural and engineering fees was added 
to the building renovation cost. 

Other costs to meet the standards, for example improvements to an individual or group of 
building systems (e.g. electrical or mechanical), were calculated using estimates from recent project 
bid data adjusted to July 2004 US dollars or unit pricing from Building Construction Cost Data (RS 
Means, 2003). 

State-wide cost estimates 

The total estimated cost for the state and the local jurisdictions of bringing existing schools up to 
the 31 standards was USD 3.85 billion. The estimated costs for the 31 standards were grouped into 
four categories: building and site factors; student capacity; education programmes; and support 
services. Of the USD 3.85 billion total cost: 

∞ USD 1.33 billion (34% of the total cost) was required to repair or replace building systems 
and Site Factors. 

∞ USD 1.54 billion (40% of the total cost) was needed to provide additional student capacity 
to accommodate increasing student enrolments. 
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∞ USD 765.55 million (20% of the total cost) was required for needs related to education 
programmes. 

∞ USD 214.91 million (6% of the total cost) was needed for support services. 

Standards with greatest impact on education programmes 

School facility experts in Maryland identified those standards with the most potential for impact 
on education programmes and learning. These critical standards, in addition to the number of schools 
with deficiencies, the estimated cost to bring these schools up to standards and the percentage of the 
total state-wide estimated cost of USD 3.85 billion are presented below. 

  No. of 
schools 

Cost (thousands 
USD) 

% of total 

1. Building and site factors 746 1 030 872 26.7 
 ∞ Building systems  85 273 2.2 
 ∞ Human comfort  642 002 16.7 
 ∞ Acoustics  247 515 6.4 
 ∞ Lighting  56 082 

 
1.4 

2 Student capacity 467 1 543 349 40.0 
 ∞ Pre-K/K full-day K mandate  163 365 4.2 
 ∞ Other elementary  470 249 12.2 
 ∞ Secondary  909 735 

 
23.6 

3. Education programmes 840 373 711 9.7 
 ∞ Pre-K/K classrooms 

(existing) 
 43 800 1.1 

 ∞ Elementary classrooms  72 224 1.9 
 ∞ Secondary classrooms  76 836 2.0 
 ∞ Special education  35 236 1.0 
 ∞ Instructional resource  17 942 0.5 
 ∞ Secondary science  57 262 1.4 
 ∞ Accessibility  70 411 

 
1.8 

 TOTAL  2 947 932 76.4 

Standards 

Health and safety 

1. Indoor air quality 

For unit ventilators, the air filter has a minimum average efficiency of 25%-30% using the 
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) Standard 52-
76. For centralised HVAC systems, the air filtration system for supply air has a minimum average 
efficiency of 45% or higher using the ASHRAE Standard 52-76. A local exhaust system to the 
outdoors is provided for fume hoods in science labs, kiln-firing areas, finishing areas in technology 
education labs, kitchens, laundries, and welding areas. 
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2. Fire Safety 

The building has a functional fire alarm system to alert occupants in case of a fire. Both aural and 
visual devices are provided in sufficient locations. The most recent fire marshal inspection did not 
identify any building conditions that present an imminent safety hazard or the hazard has been 
corrected. 

3. Building systems, materials or conditions 

No building system (mechanical, electrical, plumbing, or structural), building material (e.g. 
asbestos, lead in paint, deteriorated carpet seams) or building condition (e.g. pervasive roof water 
leaks) presents an imminent health or safety hazard to students or staff. 

4. Security 

There are sufficient building security provisions (e.g. outdoor lighting, number and location of 
entrances) to provide a relatively safe environment for students and staff. 

5. Potable water 

Potable water is available to students and staff in adequate locations. 

6. Lavatories 

Lavatories are provided in sufficient locations and with sufficient fixtures to adequately support 
educational programmes and support services. 

7. Communications system 

The building has a functional two-way communications system in sufficient locations to 
adequately communicate with staff and students, especially in the case of a health or safety 
emergency. 

Educational programme support 

8. Human comfort 

The ASHRAE Standards for thermal comfort (temperature and humidity), ANSI/ASHRAE 55a-
1995, can be met 90% of the time during student occupancy in spaces (excluding physical education) 
where learning takes place and in the health suite. 

9. Acoustics 

Sound originating in spaces where learning takes place and sound transmitted from adjacent 
spaces or outdoor sources typically does not disrupt or hinder educational activities. 

10. Lighting 

The Illuminating Engineering Society of North America standards for the quantity of 
illumination, Lighting for Educational Facilities RP-3-00, can be met in general classrooms and 
specialised laboratories. A minimum of 50 foot-candles are provided on horizontal work surfaces. 
Emergency lighting is available when normal lighting systems fail and in locations that permit an 
orderly egress from the building in an emergency situation. 
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11. Accessibility for students, parents/guardians or staff with disabilities 

The school building and site do not preclude students, parents/guardians or staff with disabilities 
from having the opportunity to participate with non-disabled individuals in any educational 
programmes or support services. 

12. Telecommunications distribution systems (data, voice, and video) 

Maryland State Department of Education Standards for Telecommunications Distribution 
Systems (February 2002) are met. 

13. Student capacity 

Elementary 

There are sufficient permanent classrooms to accommodate at least 95% of the enrolment for the 
2002/03 school year, based on current published local rated capacities. If there are insufficient 
classrooms to accommodate at least 95% of the student enrolment for the 2002/03 school year, but 
there is available capacity in adjacent schools, based on current published local rated capacities, the 
student capacity of the school is adequate. There are sufficient permanent classrooms to accommodate 
at least 95% of the enrolment projected for the 2007/08 school year and to fully implement pre-k 
programmes for disadvantaged students and full-day kindergarten programmes. If there are 
insufficient classrooms to accommodate at least 95% of the student enrolment for the 2007/08 school 
year, but there is available capacity in adjacent schools, based on current published local rated 
capacities, the student capacity of the school is adequate. 

Secondary 

There are sufficient permanent instructional spaces to accommodate at least 95% of the 
enrolment for the 2002/03 school year, based on current published local rated capacities. If there are 
insufficient instructional spaces to accommodate at least 95% of the student enrolment for the 2002/03 
school year, but there is available capacity in adjacent schools, based on current published local rated 
capacities, the student capacity of the school is adequate. There are sufficient permanent instructional 
spaces to accommodate at least 95% of the enrolment projected for the 2007/08 school year. If there 
are insufficient instructional spaces to accommodate at least 95% of the student enrolment for the 
2007/08 school year, but there is available capacity in adjacent schools, based on current published 
local rated capacities, the student capacity of the school is adequate. 

If a redistricting plan has been approved by the Board of Education or a capital project has been 
funded that will relieve overcrowding, the inadequacy can be considered corrected. 

Instructional areas 

14. Pre-kindergarten/kindergarten classroom 

A minimum of 950 net square feet (sq. ft.) (88.3 m2) including a general storage, adjacent toilet 
room, one child height sink, and storage for student outer garments and personal items. An outdoor 
play area is provided in proximity to the classroom with age appropriate equipment. 

15. General elementary classroom 

90% of classrooms are a minimum of 800 net sq. ft. (74.3 m2). 
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16. General secondary classroom 

90% of classrooms are a minimum of 750 net sq. ft. (69.7 m2). 

17. Special education 

Resource rooms are provided in a number that reflects the needs of the student population. At 
least one resource room is provided at a minimum of 250 net sq. ft. (23.2 m2). Classrooms and other 
support spaces (e.g. occupational therapy, physical therapy, home living skills) are provided that meet 
the programme requirements of the student population. 

18. Instructional Resource Rooms 

Resource rooms are provided in a number that reflects the needs of the student population (e.g. 
ESOL, reading, math). 

19. Secondary science laboratory 

For middle schools a teacher demonstration table with sink, one student sink, and a minimum of 
36 net sq. ft. (3.3 m2) per student. For high schools provide workstations for no more than a total of 
28 students, one sink for every four students, an emergency eye-wash, an emergency shower (only in 
labs using corrosive chemicals or flammable materials), a minimum of 20 cubic feet (.57 cubic meters) 
per minute of outdoor air per person for general ventilation, a fume hood in labs that use toxic or other 
objectionable airborne materials, a minimum of 36 net sq. ft. (3.3 m2) per student (50 net sq. ft., or 
4.6 m2, per student for a combined lecture/lab space), and a minimum of 2 net sq. ft. (0.19 m2) per 
student seat for a separate storage area(s). Volatile, flammable and corrosive materials are housed in 
secure storage areas specifically designed for that purpose. Preparation rooms are provided for high 
school biology, earth science and chemistry laboratories with a minimum of 3 net sq. ft. (.28 sq 
meters) for each student served in the associated labs. 

20. Library/media centre 

A minimum of 5-6 net sq. ft. (.46-.56 m2) per student for a school with a student capacity below 
600, a minimum of 3 000 net sq. ft. (278.7 m2) for a school with a student capacity between 600 and 
1 000, a minimum of 3 net sq. ft. (0.28 m2) per student for a school with a student capacity above 
1 000, including space for the collections, a reference area, circulation desk, workroom for the library 
media staff, a seating/instructional area for a minimum of 30 students (60 students for schools with a 
student capacity above 1 000), and a storage room. 

21. Technology education 

High schools - provide a laboratory at a minimum of 1 800 net sq. ft. (167.2 m2) including areas 
for classroom seating, small group meeting, design, research, testing, production/ fabrication, finishing 
and storage for materials and projects. 

22. Physical education 

A minimum of 3 000 net sq. ft. (278.7 m2) in a multipurpose room or separate gymnasium for 
elementary schools excluding a stage area. For middle schools, a minimum of 5 000 net sq. ft. 
(464.5 m2) in a gymnasium excluding a stage area. For high schools, a minimum of 7 300 net sq. ft. 
(678.2 m2) in a gymnasium. In elementary, middle and high schools provide, respectively, a storage 
room(s) of 100 (9.3), 150 (14.0) and 250 (23.2) net sq. ft (m2). In high schools, sufficient lockers and 
shower facilities are provided. Adequate playgrounds and play fields are provided to meet local 
educational programme requirements. Playground surfacing and equipment meet the guidelines of the 
U.S. Consumer Product Safety Commission. 
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23. Fine arts 

Visual arts 

For an elementary school staffed with a > 0.5 art teacher, provide one dedicated visual arts 
classroom at a minimum of 900 net sq. ft. (83.6 m2). In a middle school provide a minimum of one 
dedicated visual arts classroom at a minimum of 1 000 net sq. ft. (92.9 m2). In high schools provide 
dedicated classrooms for two-dimensional art, and three-dimensional art at a minimum, respectively, 
of 1 100 and 1 200 net sq. ft. (102.2 and 111.5 m2). In elementary and middle school art classrooms, 
provide a minimum of one large work sink with hot and cold water. In high school two-dimensional 
and three dimensional art classrooms, provide a minimum of two large work sinks with hot and cold 
water. In elementary, middle and high school art classrooms provide, respectively, a storage room at a 
minimum of 50, 75 and 100 net sq. ft. (4.6, 7.0, and 9.3 m2). 

Music 

In an elementary school staffed with a > 0.5 music teacher, provide one dedicated music 
classroom at a minimum of 800 net sq. ft. (74.3 m2). In a middle school provide one dedicated music 
classroom at a minimum of 1 000 net sq. ft. (92.9 m2). In high schools provide dedicated classrooms 
for instrumental music and choral music at a minimum, respectively, of 1 100 and 875 net sq. ft. 
(102.2 and 81.3 m2). In high schools provide dedicated space for practice rooms. In elementary, 
middle and high school music classrooms provide, respectively, a storage room(s) at a minimum of 
50, 100 and 250 net sq. ft. (4.6, 9.3, and 23.2 m2). 

Dance 

In a high school staffed with a > 0.5 dance teacher, provide a dedicated or shared instructional 
space with appropriate flooring and a minimum of 1 000 net sq. ft. (92.9 m2). Provide a storage room 
at a minimum of 50 net sq. ft. (4.6 m2).  

Theatre 

In a high school staffed with a > 0.5 theatre teacher, provide a dedicated or shared classroom with 
a minimum of 750 net sq. ft. (69.7 m2). Provide a storage room at a minimum of 50 net sq. ft. (4.6 m2). 

Instructional support areas 

24. Health services 

Maryland School Health Services Standards/Health Facilities (COMAR 13A.05.05.10) are met. 
Provide spaces for waiting, examination and treatment, resting, storage, an accessible toilet room, a 
separate room for private consultation and for use as the health services professional’s office, lockable 
cabinets for storing medical records and medications, and one sink other than the sink in the toilet 

room. An elementary school with a capacity of < 300, 300 to < 600, or ≥ 600 requires, respectively, a 
minimum of 500, 555, and 710 net sq. ft. (46.5, 51.6, and 66.0 m2). A middle/high school with a 

capacity of < 600, 600 to < 1,200, or ≥ 1,200 requires, respectively, a minimum of 610, 715, and 840 
net square feet. (56.7, 66.4, and 78.0 m2). A room is provided for hearing screening tests that is 
acoustically adequate and sufficient in size.  

25. Food services 

There is sufficient dining space to allow for the number of students, equal to the local rated 
capacity, to participate in the school lunch programme within the timeframe required by the U.S. 
Department of Agriculture. The kitchen and serving areas are adequate to serve the number of 
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students, equal to the local rated capacity, to participate in the school lunch programme within the 
timeframe required by the U.S. Department of Agriculture.  

26. Auditorium/theatre arts 

For high schools provide an auditorium that has adequate seating, lighting and sound system to 
support the size of the student population and the intended educational programmes. Space is provided 
for adequate set construction, dressing, toilet rooms and storage. 

27. Administration 

Adequate work and meeting space is provided for administrative staff. 

28. Guidance 

Adequate work and meeting space is provided that allows for confidential telephone and face-to-
face conversations. 

29. Itinerant services 

Adequate workspace is provided for itinerant services staff. 

30. Site layout 

The layout of student drop-off, bus loading/unloading areas, parking and pedestrian routes allows 
students to safely enter and exit the school grounds and school building. 

31. Teacher planning 

Adequate space is provided for teachers to plan. 

Utilising the facility survey 

The survey data were valuable to the Task Force to Study Public School Facilities by identifying 
those standards in which public schools have deficiencies and quantifying the cost of bringing school 
facilities up to standards. The survey brought school facility needs into the eyes of decision-makers in 
a tangible way. As a direct result of the Task Force report and particularly the survey cost estimates, 
the State funding for school construction was approved at USD 250 million for fiscal year 2006, an 
increase of about 100% from fiscal year 2005. State fiscal year 2006 construction funding when 
coupled with local construction funding is estimated to total more than USD 500 million. State 
funding for school construction in the next several years is anticipated to be in the USD 250 million 
range.  

In addition to providing the Task Force with important baseline data, the survey presented 
valuable information in setting local and State priorities. Local school systems found the school-by-
school analysis in the survey useful, when coupled with existing local information, for prioritising 
major renovation projects. For renovation projects that are more limited in scope, the survey data is 
useful in prioritising the educational programme enhancements that might need to be addressed. Also, 
the survey data may be helpful in determining the relative priority of systemic renovation projects that 
address such building systems as electrical, structural, and mechanical. 
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Lessons learned/potential universal concepts 

Having completed the Maryland survey, the following concepts are offered. Some concepts 
reinforce the approach taken with the 2003 Maryland survey, while others represent a different 
approach that is expected to enhance future similar surveys:  

1. Inspectors should receive uniform training: The inspectors who evaluate the quality of 
school buildings must receive uniform training to reduce subjectivity in applying standards 
to evaluate the adequacy of facilities. 

2. Inspectors should be selected for their objectivity: The inspectors who evaluate the quality of 
school buildings must not be employees of or be associated with the school system in which 
the buildings are located. Individuals associated with the school system, especially 
employees, may have a tendency to understate or overstate the inadequacies of school 
buildings due to pressures from local school system or government officials, politicians, or 
community leaders. 

3. Evaluation of each school must be conducted by a team of inspectors: The multi-disciplinary 
nature of the standards against which school buildings are evaluated requires a team 
approach with varied formal training and experience. 

4. A verification process should be established to evaluate the accuracy of data collected by the 
inspectors: Verification of data entails visits to a sampling of schools to assess the accuracy 
of the survey data. The verification process can identify inconsistencies and errors among 
inspectors resulting in modification and improvement of the data.  

5. School buildings should be evaluated against current minimum standards used to construct 
new buildings or to completely renovate existing buildings. Minimum standards, below 
which the success of educational programmes or the safety of building occupants is 
compromised, will measure important deficiencies and result in realistic goals for 
improvements.  

6. Standards should measure building condition and educational adequacy: To adequately 
evaluate the quality of school facilities, a survey must measure the quality and condition of 
building systems and components, and assess the building’s quality in supporting current 
educational programmes and support services. 

7. Standards should be specific and measurable: Measurable standards will increase the 
objectivity of inspectors, provide greater consistency of evaluations among inspectors, and 
therefore, provide comparable data among school systems. For example, the standard used in 
the Maryland survey for acoustics (standard no. 9, page 5) is too general and prone to 
inspector subjectivity. A standard for acoustics should include specific performance criteria 
for classrooms such as a minimum sound transmission class rating of 45 for walls between 
classrooms and corridors. A second example is the standard used in the Maryland survey for 
security (standard no. 4, page 4). Although security requirements will vary from school 
system to school system, some minimum requirements for all schools can be established 
such as the outdoor lighting of entry doors and other building perimeter areas. 

8. Some standards should be tailored to the characteristics of each school system: While parts 
of some standards may be applied universally, others should be customised for each school 
system by offering a selection of options from a pre-developed menu of additional standards. 
Examples of standards that may fall into this category include building security which will 
vary depending on the characteristics of the school system (e.g. rural, urban), or 
administrative offices for which varied staffing among school systems will require different 
space requirements. 
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9. Development of the standards and survey instruments should include participation from 
technically knowledgeable and interested parties: The survey instruments will be well 
developed and well received if key people are involved. Participants should include 
representatives from school system facility planners, all levels of government, instructional 
specialists, and an information technology specialist(s). 

10. Survey data should be electronically entered into a data base at a single website: a central 
electronic data base will maximise the efficiency with which the collection, review, analysis, 
and presentation of data can be accomplished. 

11. To be useful and effective, a survey should measure the costs to correct the inadequacies 
identified in the survey: The identification of costs is critical in quantifying needs and 
projecting a timeline for correcting deficiencies.  

12. The survey should identify any health or safety hazard that currently exists or is imminent: 
The identification of hazards will allow these deficiencies to be addressed quickly. 

13. Survey leaders should be selected for their credibility and influence: If a survey is 
undertaken with the goal to institute a programme to improve the quality of school facilities, 
the survey must be initiated at the highest level of government and led by an individual(s) 
recognised as having high credibility and significant political influence. Under these 
circumstances, obtaining the necessary school construction funding to correct the 
inadequacies identified in the survey will have a high probability of success. 

14. A deliberate outreach programme is important in having the general public and government 
officials understand the survey data, and to reduce the misuse of the data: Briefings should 
be conducted for the print and television media, and for government and school system 
officials to explain the survey. The standards used in the survey, the survey data, and 
analysis of the data must be carefully explained.  

15. While the survey data has use for developing future capital improvement needs, the data 
does not always directly represent the type and scope of future capital improvements: For 
example, a school building may not meet several standards; however, a school system may 
choose not to address these deficiencies incrementally but rather to wait until the building is 
scheduled for a major renovation. A single major construction project is less costly than 
several smaller projects, and less disruptive to the educational programme, especially if the 
building must be occupied during construction. A second example involves a school system 
whose design standards go beyond the minimum standards used in the survey. In this case, 
the survey cost estimates will understate the facility needs as defined and ultimately 
implemented by the school system. 

In completing the 2003 Maryland survey, we learned that inspectors must receive uniform 
training and be selected for formal education, experience, and objectivity, and that schools must be 
evaluated against standards that are minimum, measurable, and generally applied universally, but 
customised to each school system when appropriate. We also learned that the standards and survey 
instruments must be developed with the involvement of all interested parties, and with the data 
generated by the survey carefully explained to the media and the general public. 

In sharing the standards used in the Maryland survey, it is not suggested that they are 
internationally transferable - quite the contrary. National, regional, and local differences such as 
educational programmes, climate, and cultural perspective preclude specific standards from being 
applied universally. However, universal concepts can be developed concerning the type of standards 
(e.g. health, safety and instructional support) and the characteristics of the standards (e.g. minimum 
and measurable). 
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