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Abstract

The Accreditation Board for Engineering and Technology (ABET) has promulgated criteria for accrediting programs in engineering in the United States.  The basic level of accreditation criteria includes eight different categories of interest.  Criterion 2 addresses program educational objectives where, in part, a process based on the needs of the program’s various constituencies.  In addition, provisions must be made for”…ongoing evaluation that demonstrates achievement of these objectives and uses the results to improve the effectiveness of the program.”  Criterion 3 (k) indicated that accredited programs must demonstrate that their graduates have, “an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.”, and Criterion 6 also requires  students be given an opportunity to “…learn the use of modern engineering tools”.   One approach recently utilized by the authors to target these three criteria included the use of an outside focus group for curriculum assessment.  The subject matter involved Geomatics and Land Surveying. Because the involved subject matter has undergone a technological change over the past decade, various questions surfaced, to include:

· What new course materials should be incorporated into the curriculum?

· What old course materials should be eliminated from the curriculum?

· What new equipment and technology does the department need to acquire, and how will the students use this new technology?

An eight person focus group was formed where outside practitioners, educators, and regulatory officials were represented.  The focus group was charged, “To collectively review professional registration requirements pertaining to Land Surveying in the State of South Carolina, to discuss educational needs of the State, to consider the current curriculum offered at The Citadel pertaining to land surveying and Geomatics, to seek curriculum guidance from practitioners, and to render an assessment of how the Civil and Environmental Engineering department should proceed in revising its curriculum.”

This paper explores in detail the circumstances that warranted the formation of the focus group, the group’s creation, it’s activities, it’s recommendations, and how the recommendation were addressed when revising the curriculum.

Introduction

The Accreditation Board for Engineering and Technology (ABET) has promulgated criteria for accrediting programs in engineering in the United States.  The basic level of accreditation criteria includes eight different categories of interest.   Each category helps to assure that graduates are adequately prepared to enter and continue in the practice of engineering, while new and innovative approaches are being  encouraged within a curriculum that is constantly being assessed and improved. Historical Perspective


The Department of Civil and Environmental Engineering at The Citadel has always felt that one of the key sequence of courses that provides a strong foundation for all areas of practice within the profession of Civil Engineering is in the area of surveying, mapping, and now Geomatics.  This may be an offshoot from the Department’s origins being rooted in a military based curriculum beginning in 1842 when the Institution was created.  Without good horizontal and vertical control to define existing and proposed conditions, most civil projects are riddled with massive problems. Fifty years ago the Department traditionally offered a sequence of five courses in this field.  These courses included a three credit hour first and second semester lecture on land surveying along with a one credit hour laboratory course each semester.  In addition, a one credit hour laboratory course in Photogrammetry was offered as part of this sequence.


In 1986 the State Commission on Higher Education (CHE), in an effort to assess colleges and universities within the State of South Carolina for duplication, relevancy of program offerings, etc. sent outside CHE visitors to all educational institutions, and the one who visited The Citadel cited the department for having  “too many surveying and graphics courses….   The South Carolina State Board of Registration for Professional Engineers and Land Surveyors communicated their concerns to then Governor Carroll Campbell, the State Development Board, and CHE that it was “… most disturbing to hear that there is an ongoing move to downgrade the surveying profession by giving it less than deserved attention by many who set policy on educational matters in the State.”    Simultaneously, the State Board of Registration for Professional Engineers and Land Surveyors was exploring ways to create a 4-year surveying degree program in South Carolina where more course offerings would be made available within the state. The following year the South Carolina Society of Professional Land Surveyors and the State Board of Registration for Professional Engineers and Land Surveyors formed a special committee surveying related courses offered by the State’s colleges and universities.  The net result for the department was an endorsement from the State Board of Registration, alumni, and practitioners to not reduce the course offerings in this field; however, other pressures, partially driven by budget matters, continued to prevail thus triggering curriculum revision studies.

Evolving Conditions

During the 1980’s many technological advancements were being introduced into surveying and mapping.  Traditional pieces of equipment, such as plane tables alidades were being replaced by theodolites, electronic distance measurement devices (EDMs), and then total stations and data collectors.  Also during this period of time Global Positioning Systems (GPS) were emerging from strictly military use to civilian use.  In addition, improvements in computer hardware and software gave the surveying and mapping community new tools for data storage, analysis, and management.  One of the greatest tools to come forth was the evolution of the Geographical Information System (GIS).  Initially computer aided drafting systems (CAD) evolved with computer aided mapping systems (CAM).  CAM improvements lead to the automated mapping/facilities management (AM/FM) systems, then land information systems (LIS), and now GIS.  This combined new technology gave birth to a new area of study called Geomatics.


In 1993 the department began to implement various curriculum revisions across the board, and in the surveying and mapping area the following occurred:

· The first semester surveying course and laboratory essentially remained a foundation course.

· A new two credit hour course called “Geomatics” and its associated one credit hour laboratory were created to replace the remaining three traditional courses.

Because this new technology was expensive, the department did not have at its disposal any total stations, GPS equipment, or GIS software.  An intensive effort was put forth to acquire this new equipment.  In 1996 the department acquired $120,000 worth of GPS equipment (three receivers), and shortly thereafter four total stations and five data collectors were obtained for students to use.  Most recently the department purchased six additional GPS receivers and GIS software licenses so there are enough for the entire class to use at once during a laboratory period.

What Constraints Must Give: Time, Topics, or Tradition?

Instructors now found that they are no longer just telling students about this new technology, but because of the availability for hands-on activities, new demands on available time have emerged.  To help address this time shortage this past Spring, the Department in conjunction with Institution increased the lecture classroom time by one hour a week, resulting in a one credit hour increase for CIVIL 207-Geomatics.  The problem then became one of trying to package what students really need to learn in class.  Some topics that have traditionally been studied may now be “nice to know” but not necessary.  Who should make this decision?  If the instructor summarily eliminates some topic, what impact would that have later when the student seeks employment or professional registration?  The authors felt that when considering the overall impact of the curriculum and the mission of the department, that everyone would be well served if all stakeholders in this process were offered an opportunity to guide the direction the curriculum should take.  This would be consistent with ABET’s continuing improvement and assessment policy.

Formation of Focus Group

In late January 2003 a group of professionals involved in the profession of surveying and mapping were invited to participate in a workshop.  Individuals invited included Sidney C. Miller—Capt NOAA Ret’d,  a member of the South Carolina State Board of Registration for Professional Engineers and Land Surveyors, Dr. Lewis A. Lapine—Capt NOAA Ret’d, the Director of the South Carolina Geodetic Survey, R. David Branton--Past President of the South Carolina Professional Land Surveyors Association, Dr. Richard C. Walker-- Vice President of ROK Technologies, Daniel C. Forsberg--Owner of Forsberg Engineering and Surveying, INC., Dr. William J. Davis, a Civil and Environmental Engineering faculty member, and also the authors.   The one-day workshop took place on 25 April 2003.

Charge of Focus Group

At the beginning of the workshop the lead author charged the Focus Group with the following:

“To collectively review professional registration requirements pertaining to Land Surveying in the State of South Carolina, to discuss educational needs of the State, to consider the current curriculum offered at The Citadel pertaining to Land Surveying and Geomatics, to seek curriculum guidance from practitioners, and to render an assessment of how the Civil and Environmental Engineering Department should proceed in revising its curriculum.”

Focus Group Activities and Recommendations

The workshop proceeded  with various members presenting information pertaining to the Focus Group’s charge.  First, registration and educational issues were addressed, followed by practice needs.  A more detailed description of these proceedings follows.

Professional Registration Requirements

The initial topic discussed by the Focus Group centered on professional registration requirements.  The registration board considers three different components when evaluating each applicant. education, experience, and examination results.  Each component is independent.  For example, a person who has a great deal of experience, but is unable to pass the written examinations, will not be registered.

In 1991 the law in South Carolina was changed where one must have at least a 2-year ABET Associate Degree with 12 hours of discipline specific courses and, in addition, 4 years of work experience.  Prior to that time, an individual could qualify with experience alone.  Today, a four year degree approved by the Board (could include a BS Degree that includes mathematics and physics), and two years experience will qualify an individual.  Beginning July 1, 2004. however, all applicants regardless of degree, will need four years of experience.

Currently the NCEES Fundamentals of Land Surveying (FLS) includes two four hour sessions consisting of 180 closed book multiple choice questions with references and a pencil provided.  The Professional Land Surveyors Examination (PLS) consists of one four hour session, followed by a one hour session  (67 multiple choice questions in AM—33 in afternoon).  A state specific examination follows with a two hour closed book session.  To take the FLS, the candidate needs one year as an Associate Degree seeking student, or three years as a four year BS degree seeking student.  The present regulations allow the student to take the FLS upon completing their education.  There is no stipulation for taking the examination before graduating from a two or four year program.  The PLS is taken after gaining the necessary experience.  Candidates can count qualifying time before graduation for experience; however, for those applying for engineering registration—time for experience only begins after graduation.

The Educational Component
Beginning 1 July 2004 three discipline specific registration examinations will be administered that include (1) land boundary surveyor, (2) photogrammetric and remote sensing surveyor, and (3) geographic information system surveyor.  The geographic information system surveyor will pertain only to persons making maps with accuracy claims, or maps that affect the health, welfare, or well being of the public.  This would include persons building original data layers where they generated the Geospatial data needed to be registered.  For example, a tax mapper working in a county office would be exempt, but the person who developed the base map and data base architecture for the GIS would have to be registered.  It was also noted that the common thread that ran through each of the three discipline specific examination areas is  geodesy (datums, geodetic coordinate systems, geodetic measurements, and analysis/adjustments).  Typically, a course consisting of eight to nine weeks of coordinates and datums, followed by global positioning systems (GPS) is often used to give students their foundation in geodesy.  Every candidate, however, will be required to take the FLS examination which concentrates on coordinate  geometry and basic land surveying type questions.  

In 2010 every candidate must have a four year degree with 12 hours of discipline specific courses approved by the Board.  One course that might be required is a course in the legal aspects of boundaries, including evidence and procedures.  The authors indicated that they would be hard pressed to add an additional three hour course to their undergraduate civil engineering curriculum; however, one possibility would be to create an elective. Other focus group comments included the fact that The Citadel was currently the only four year institution in South Carolina to offer courses within the civil engineering curriculum where graduates can meet all educational requirements for professional registration in land surveying, and should be kept intact if at all possible.  This premise is supported by the Civil and Environmental Engineering Advisory Board council (a group of practicing engineers and Alumni that advise the department on various matters) employers of graduates, Alumni, and other professionals.  Another idea, however, was also expressed in that some institution within the state needed to step forward and offer a four year degree in land surveying to address the 2010 needs.

Practice Needs


The lead author then presented to the workshop participants a summary of the topics now covered in the various surveying and mapping courses, and stated that guidance was needed on topics that should be covered, and those that should be eliminated because of time constraints in the classroom.  For example, do students still need to know how to throw a chain, and use a chain---or is it more important for them to be able to use an electronic distance measurement instrument (EDM)?  The  general consensus was for students to be able to do the following:

· Create and read topographic maps

· Conduct differential leveling  and data adjustments

· Know about datums

· Know about the theory of problem solving and boundary retracement

· Know about the process of chaining and understand the errors associated with chaining to better evaluate property monumentation during a re-survey

· Know about horizontal and vertical curves

· Have a knowledge of National Mapping Accuracies

· Have a knowledge of Geographic Information Systems and analysis techniques.

· Have a knowledge of metadata as it pertains to GIS mapping applications

· Know how to use data collectors, total stations, and associated software.

· Know about digital orthophotos and LIDAR, but not necessarily know about photogrammetric flight planning.  

· Know about vertical photographic scales and relief displacement.

Know about GPS theory, network layout and design, and actually conduct and adjust the network data.

Recommendations
In addition to addressing the practice needs listed above, the workshop participants indicated that the current scope of Civil 205/235 Land Surveying I lecture and laboratory provides students with the correct kind of learning experience for fundamentals in land surveying and measurements; however, the use of data-collectors should somehow be included. 


In the Civil 207/237 Geomatics lecture and laboratory, the workshop participants indicated that students needed to know about GPS theory, network layout, and network design.  Also, students need to experience conducting a GPS control survey as well as adjusting the network data.  It was also suggested that the lead author explore the availability of computer based tutorials for introductory GIS student instruction.

Implementation of Recommendations

Implementation of the recommendations offered by the Focus Group was divided into three components: (1) equipment, (2) curriculum issues associated with Civil 205/235 Land Surveying I and Laboratory, and (3) curriculum issues associated with Civil 207/237 Geomatics and Laboratory.  These implementation components are shown below

New Equipment Requirements
Recent departmental equipment acquisitions in the area of GPS and GIS have established a foundation upon which curriculum changes can be implemented.  One current shortfall associated with increased student population is the need for an additional total station to use with the fifth data collector.  This piece of equipment is currently on the department’s equipment acquisition list.  Hopefully this total station will be available soon, but in the mean time the students will have to team their efforts.

Civil 205/235 Land Surveying I and Laboratory Curriculum Changes

Civil 205 Land Surveying I lecture currently includes the following topics:

· Introduction: Field/Office Work (2 classes)

· Vertical Control (5 classes)

· Measurements and Adjustments (3 classes)

· Horizontal Control (8 classes)

· Traversing calculations (6 classes)

· Mapping & State Plane Coordinates (9 classes)

· Cross Sections/Slope Stake/Plan & Profile (3 classes)

· Tests (5 classes)

· Make up and review (1 class)

Civil 235 Land Surveying I laboratory currently includes the following topics:

· Chaining (1 class)

· Vertical Control (2 classes)

· Traversing-Field Work (7 classes)

· Traverse Calculations/Computer Introduction to COGO (3 classes)

· Mapping (1 class)

Proposed changes in subject matter include use of data collectors for 2-D surveys. 

Civil 207/237 Geomatics and Laboratory Curriculum Changes 

Civil 207 Geomatics lecture currently includes the following topics in its 2 credit hour format:

· Topographic mapping (2 classes)

· Global Positioning Systems (4 classes)

· Legal aspects of land surveying (4 classes)

· Division of Public Lands (2 classes)

· Geographic Information Systems (4 classes)

· Astronomic Observations (3 classes)

· Photogrammetric surveying (3 classes)

· Horizontal curves (1 class)

· Vertical curves (1 class)

· Construction surveys (1 class)

· Tests (4 classes)

Civil 237 Geomatics Laboratory currently includes the following topics:

· Introduction and assembly of maps for later GIS use (1 class)

· Topographic mapping (5 classes)

· Volume calculations (1 class)

· GPS control survey (1 class)

· Geographic Information Systems (2 classes)

· Astronomic observations (1 class)

· Photogrammetric surveying (3 classes)

Proposed changes to the Civil 207/237 Geomatics lecture and laboratory include the following:

· More emphasis and student use of GPS systems including survey planning, execution, and data adjustment.

· More emphasis and student use of GIS applications including the role of  meta-data.

· More emphasis on horizontal and vertical curves

· More emphasis on boundary retracement

· Use of data collectors for 3-D surveying

· Increased emphasis on digital orthophotos and LIDAR

· Introduction of National Mapping Accuracies

Future Assessment Strategy  and Summary
As the revised curriculum is being implemented during the Spring of 2004, the lead author will make an assessment of how the changes impacted on student learning, as well as ways to improve or modify the guidance offered by the Focus Group.  Hopefully refinements in the course structure and content will result in further improvements needed to insure students receive the best education possible to meet the needs of the information age that now confronts them.


Other assessment strategies will include evaluating the state’s mandated needs for the year 2010.  Whether a four year degree is instituted somewhere within the state has yet to be determined; however, the authors are committed to having an option available to students who want to prepare for a career in surveying and mapping, if at all possible, and will work towards this end as long as the requirements do not adversely impact on our established ABET accredited undergraduate civil engineering degree program.


In summary, the authors and invited workshop participants felt that utilizing the workshop forum to sort out various issues confronting the profession as well as those impacting on classroom activities was beneficial to all. For the lead author, it offered permission to abandon various “time honored” topics such as “throwing a chain” plane tables, alidades, etc. and encouraged making room in the curriculum for today’s technology and practices.  For the State Board of Engineering Examiners it offered an opportunity to share their view on the profession and its anticipated needs, while practitioners were able to discuss their expectations of what entry-level professionals should know and be able to perform in this age of information.
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