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Abstract - This paper presents a feasibility study for usig
a virtual survey instrument, SimuSurvey, for surveyor
training. SimuSurvey was developed for visualizing and
simulating surveying scenarios in a computer-genetad
virtual environment. In this research, we studied he
feasibility of introducing the use ofSimuSurvey in regular
surveyor training courses. Both quantitative and
qualitative evaluation methods were used. The
quantitative evaluation method included a questionaire
to 323 students from three vocational schools and03
copies of in-class quiz that followed a 25-minutesaiching
session orSimuSurvey. The purpose of the questionnaire
was to understand the attitudes of students towardsing
virtual surveying instruments in the training course. The
results show that 91% of the students believe thatsing
virtual surveying instruments in training will benefit
their learning experience. The results from the irelass
quiz indicate that the employment of SimuSurvey yield
satisfied learning outcomes, with approximately twe
thirds of participating students able to answer fdlow-up
questions correctly. The qualitative analysis washdained
from interviewing five experienced instructors of
different backgrounds. They were generally optimist to
the idea of including SimuSurvey in regular surveyor
training.

Index Terms - virtual surveying instrument, survey,
virtual reality, engineering education

INTRODUCTION

instructors teach the surveying course by followthgee
steps: (1) explain the theoretical background eitheusing
the example in the textbook or by illustration on a
chalkboard, (2) demonstrate the manipulation usingeal
instrument and (3) ask the students to practiggonps on a
real instrument.

This three-step procedure has several drawbackst, Fi
many surveying instruments are required becaude gracip
of students needs at least one instrument on whiphactice.
The expense for purchasing and maintaining theunsnts
can be very high. Second, the effectiveness ofdbgon is
often influenced by the weather, location and tiofieday.
Third, because many operations involve fine actichg
instructors often face the difficulty of clearly denstrating
each step to every student in the field.

In order to solve these problems, many instrudhense
introduced electronic teaching aids in the class.dxample,
Bai (2007) used video to demonstrate survey procedures.
Yeh (2005 and 2006) employed virtual reality tedbgaes
to simulate the environment for surveying. Recently
SmuSurvey was developed by Lu et. al(2007). It is a virtual
tool that allows the user to simulate survey insuatation
on computer.

A comparison between the electronic teaching asds i
summarized in Table 1. From the comparison, we smE®
that the virtual instrument has advantages for nfemtures
in terms of benefits to the survey training and mgncost.

In this research, we further study the benefit$ thay result
from the use of a virtual surveying instrument ime t
surveying courses, and verify whether this tool d¢eabp

students better understand the surveying topics.

One of the major purposes of a surveying training

course is to help novice surveyors understand awbrbe
familiar with surveying instruments. However, tomaulate
a survey instrument requires a clear understandinthe
spatial relationship between the instrument angetanbject.
Because many imagined lines are involved in theceph
instructors often find difficulty in providing clea
explanations to novice surveyors.
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TABLE 1

FEATURES COMPARISON OF ELETRONIC TEACHING AIDS

& SimSuryey(Designed by the CAE Croup of Naional Taiwan University)

Teaching Text book !
h and . Virtual Virtual
media Video ; . L
Features _ real reality instrument @ ~ @
instrument C:mml O:;: Light | View | Pole | Level
A ool angi --Smmmz
Learning No No Good Very good | St BR—
feedback - 5 [eeons ]
5 Vertical
Presentation of et i R
abstract No No Good Very good e I @ ;
concept F—
Support for B ek
instructors’ No Good Good Very good it e e
demonstration : 2;;?%2}%1:%5:& O s
Measurement FIGURE 1
reading Very good No No Good THE USER INTERFACE OfSimuSurvey
Detailed Very good No No Good FEASIBILITY STUDY
manipulation
Weather ) This research studies the feasibility of using atuei
h No Fair Good Very good . . . .
resistance surveying instrument in surveyor training. The dstu
included: (1) questionnaire survey: a questionnaioe
Repetitiveness No Fair Good Very good|  students of various backgrounds, ,(2) in classystadin-
class session using the virtual surveying instruneneach
Accessibility No No No Good a survey topic, and (3) interviews with experienced
instructors
Virtual
instrument No No No Yes (1) QUESTIONNAIRE SURVEY
Owning cost High Medium Low Low Questionnaire design: The questionnaire was designed to
gain an understanding of students’ attitudes towaidg the

BRIEF BACKGROUND OF SIMUSURVEY

In this research, we us&muSurvey as the target of the
feasibility study. SmuSurvey was developed using the
OpenGL graphic language [5] and the C# object-teign
programming language [6]. The five subsystems (hahe
level simulator, theodolite simulator, accessomnidator,
and total station simulator) and the tangible caldr are
included inSmuSurvey to support various training activities.

virtual surveying instrument in the surveying cla3$iree
sections are included in the questionnaire.

The purpose of the first part of the questionnairs to

understand the background of the students. It dedwgender,
age, department, year of studies and experiencearirey-

related courses. In this study, this part of thestjonnaire

will allow us to answer two questions: (1) are tisers who
get higher scores in surveying courses more likelyake

courses over the internet?; and (2) are the ushos have

taken courses over the internet also likely torlgéhe content
of surveying courses by internet?

SmuSurvey (Figure 1) was designed for supporting teaching

activities in surveying courses. It provides areifdce that
allows students to manipulate the virtual instrumen
computer. The major features ®muSurvey are:

The purpose of the second part of the questionwea® to
understand the learning environment in a surveyiaming
course. The questions focused on the three isglipghe
average time students spend on learning the skijsired to

®  Visualization of a survey instrument and measurémenyperation the surveying instrument once leavingsri@om;

poles involved in an assigned survey task.
® A control interface similar to that of real survegi
instruments.

(2) the degree of interest students have in legrhiow to
operation the surveying instrument; and (3) the nmai
challenge students face in learning how to opethge

® An interface to record the time history of trainees gyryeying instrument.

manipulation processes.

® An interface allowing instructors to design teachin
activities so that students can practice surveistasa
simulated environment.
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surveying instrument after class. The second squestions
aimed to find the expected effectiveness of legnusing a
virtual instrument, the skills of operating a suwyive
instrument. These questions will help us identify) the
relationship between score and attitude on surgegourse
learning using a virtual surveying instrument; {@)ether a
student’s motivation is increased with the use ofirdual
surveying instrument in the surveying course; aBy the
effectiveness in surveying training that uses erlieg
material.

Questionnaire delivery: In this research, the questionnaire
delivery was separated into two stages, a pre-guanel a
post-survey. The pre-survey focused on the studeiméshad
no experience with using a virtual surveying instemt. We
surveyed 323 students, selected from two vocatidigih
schools and two colleges. The post-survey stageséat on
the students who had previously usdauSurvey. The post-
survey stage involved 208 students.

Questionnaire analysis. The questionnaire data was analyzed

and the detailed results are presented in tablEh8y are
summarized in nine points: (1) the reliability ohet
guestionnaire is high (Cronbach®=0.74~0.88); (2) the
backgrounds of the students are diverse in terngeafier,
age (18-21), and departments (architecture andrmtion);
(3) gender has a significant influence toward thefgrgence
of surveying courses before usingmuSurvey but an
insignificant influence after usingmuSurvey; (4) both male
and female students had positive attitudes towamdguthe
virtual surveying instrument in the survey clasS) {t is
insignificant that students who have a higher GRA i
surveying course have a more positive attitude tdwsing
SmuSurvey; (6)whetherstudents who have experience with e-
learning show a more positive attitude tow&mhuSurvey;
(7) students who are interested in the surveyingsmare
more likely to spend more time practicing the ofieral
skills after class; (8) on average, students aghe¢ the
virtual instrument is an incentive for them to tdake survey
course; and (9) 91 percent of students agree amglir agree
that the virtual instrument is helpful for learnisgrveying in
the course.

2) IN-CLASS STUDY

quiz included four similar problems to test whethbe
students had learned how to operate the virtualument to
find the included angles. One of the example proble the
quiz is shown in Figure 2. Given the coordinateshef four
poles (numbered 1 to 4) and the coordinate ofrihriment
(point A), students needed to find the includedabgtween
the poles, that is;11A2, [12A3 and[13A4. Since a survey
instrument can only measure the azimuth angle dtigle

measured from exact north) of the poles, thatqi] .,

@A2, @A3, @A4, students needed to know how to calculate
the included angle from azimuth angles.

N
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FIGURE 2
EXAMPLE PROBLEM FOR FINDING INCLUDED ANGLE

Results: From the 205 copies of quiz, 126 students (61%)
obtained full marks (answered four questions caiylgcl2
students (6%) obtained 75 marks (answered threstiqne
correctly), 8 students (4%) obtained 50 marks (&med two
questions correctly), 3 students (1%) obtained Z&ks
(answered one question correctly) and 59 stude2@8o)
obtained zero marks (no correct answers), shoviigare 3.
Because the four questions were very similar, tloeesgraph
appears as an M shape, concentrating on bothdotesand
zero. From the result, we find that approximatep-thirds
of the students fully understood the procedurdifamling the
included angle using the virtual surveying instramé-rom
the instructors’ experiences, this learning resudt
significantly better than those obtained using itrewal
teaching methods. Furthermore, the instruction tiwes
only 25 minutes and without disturbances of outdeeather

Training session: In this research, we observed 205 student$sngitions or the hassle of equipment setup. Theuali

in six regular surveying classes in which the instructedu
SmuSurvey. In these classé8muSurvey was used to explain
the measuring process for obtaining the includegleamade
by two imaged lines connected from two measurerpelgs

to the location of the surveying instrument. Alhstes were
held in a classroom equipped with computers thad ha
SmuSurvey software installed. The total instruction time was
25 minutes consisting of a five-minute introductido
SmuSurvey, 15 minutes practice, and five minutes
calculation time.

Follow-up quiz: After the instruction, a 25 minutes follow-up
quiz was conducted to assess students’ learnindtse3he
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CONCLUSION

SmuSurvey is a virtual surveying instrument that can support
the training of surveyors. To study the feasibilibf
introducing this virtual tool into a regular suriay course,
we developed a questionnaire to find out studeattiudes
toward the virtual surveying instrument. We alssigeed a
25-minute training session and conducted a foll@wguiz to
assess students’ learning outcomes. Five faceem-fa
interviews were also carried out, with interviewdssing
100(61%) experienced surveyi_ng .instructors but o_f d_ifferent
backgrounds. The interviews helped us identify the
differences between the traditional surveying meshof
75(6%) training with the surveying course that integratess virtual
survey instrument.

0(28%)

FIGURE 3
QUIZ SCORES AND DISTRIBUTION The results indicate that using a virtual surveyimrument
in surveyor training is beneficial to both studerdad
3) INTERVIEW WITH INSTRUCTORS instructors. Teaching surveying instrument operaticskills

_ _ ) ) _ using a virtual instrument can enhance studen@'nlag
We interviewed five experienced instructors fronreth jnterest and improve learning efficiency. Using @tual
schools (four different departments) to obtaintiegiinions  syrveying instrument allows instructors to desige tlass
on using virtual instruments in regular surveyingurses. activity with more flexibility. The virtual survepi
The background of these interviewees is listed abl& 3.  jnstrument also solves the problem of the high-agpeon
The experience of the interviewees ranged from y@ars to 1355 instrument purchases and maintenance. Ttearchs
twelve years, three of them are male and two ofntla®e  \yj|| continue in the future with aims to designimgurse
female. material that integrates virtual surveying instrumsewith
) _ ) ) ) traditional surveying education. In addition, wellvalso
During each interview, we first overviewed the ogpicof  \york on integrating CAD systems wit&muSurvey. This
the virtual instrument, and demonstrated the mjoctions  \j|| allow instructors to import real terrain datato
of SmuSurvey. The interviewees were encouraged to askgmuSurvey so that students will be able to practice the

questions and try-out the functions ®fmuSurvey. Once the  gyryveying skill in a virtual environment that refts reality.
interviewees became familiar with how to apply ttusl in

the surveying course, we asked them to compare the REFERENCES
differences between using the virtual instrument as
teaching aid and the traditional teaching methdw flesults gy, 3. c., (2007, Apr.). The teaching video of theodolite setting

of the comparison are listed in Table 4. procedure, National Cheng-Kung University, Taiwawnailable:
http://www.geomatics.ncku.edu.tw/lesson-4.php (mn@se).

TABLE 3 . . . . )
Yeh, I. C., "Virtual Reality Learning System fori8aying Practice ",
BACKGROUNDS OF THE INTERVIEWEES ; . . ’
Teaching _ Teaching National Science Council, Taiwan, Tech. Rep., NS€930-S-216-
o 001, Jul. 2005(in Chi .
School department seniority courses Gender u (in Chinese)
Tainei Municipal engineering Yeh, I. C., "Virtual Environment for Surveying Pt&e ", National Science
P P surveying Council, Taiwan, Tech. Rep., NSC94-2520-S-216-001,2006 (in
Da-An Department of 4 years practice male Chinese
Vocational High  Architecture y Eomputér ):
School aided drawing Lu, C.C., Kang, S. C. and Hsieh, S. F§iriuSurvey: A Computer-based
] ] engineering Simulator for Survey Training, " presented at th62W78
National Jui-Fang surveying Conference, Maribor, Slovenia, 2007.
Industrial Department of 12 d ! |
Vocational High ~ Architecture years advance male Shreiner, D., Woo, M., Neider, J. and Davis, T.e®@L Programming
School engineering Guide: The Official Guide to Learning OpenGL 5thitieah, Addison
;Ufr‘\’lzy'zg Wesley, 2005.
. urveying,
Hwa Hsia Department of . : . . . o )
Institute of Construction 8 years engineering male Liberty, J., Programming C# 4th Edition, O'Reillyddia, 2006.
Technology Engineering surveying
practice
engineering
Hwa Hsia surveying
Institute of iﬁ:%?trégi?é of 12 years practice, female
Technology computer
aided drawing
National Jui-Fang ;r}rgvlge;rmg
Industrial Department of 12 vears ractiZe 9 female
Vocational High  Architecture y P !
computer
School : )
aided drawing
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TABLE 2

THE RESULTS OF THE QUESTIONNAIRE SURVEY

Results
Topics Explanation
Pre-survey Post-survey
1. Using Cronbach’a to measure the al=0.88; al=0.79; If a10.6 means the reliability is
reliability. 02 =0.88 02=0.74 well.
2. The background of the students. Gender-spegifiale 68%, Gender-specific (male 78%, The result is representative.
female 32%); female 22%);
Age (85% 18 years old; 15% 21| Age (74% 18 years old; 26%
years old); 21 years old);
Department (85% Department of Department (73% Department
Architecture; 15% Department of of Architecture; 27%
Construction Engineering) Department of Construction
Engineering)
3. Using T-test to analysis whether gender | P = 0.004; P =0.68; P>0.05 insignificant
causes the different learning attitudes. X . =29 X .. =26 The result of pre-survey is
“male " male conspicuous and the result of
Xiemate = 2-8 Kiemale = 2:6 post-survey is inconspicuous.
4. Using T-test to analysis whether the P =0.81; P =0.96; P>0.05 insignificant
different learning attitude cause of the R vt = 28 K nate = 29 The results both are
different gender-specific for virtual surveying %o = 29 R = 29 inconspicuous in pre-survey and
instrument in computer classroom can help | “fmae emale = post-survey. The males and
student to learn surveying. females agree using virtual
surveying instrument in
computer classroom can help
students to learn.
5. Using the one way ANOVA to find the P=0.76 P =0.07 P>0.05 insignificant
correlation between score and using the virthialy - 5 g X =29 The result is inconspicuous.
surveying instrument in surveying learning. Most students agree in using
virtual surveying instrument in
computer classroom can help
student to learn.
6. Using T-test to analysis whether students| P = 0.55 P =0.26 PZ 0.05: The result is
who have used internet to learn accept using x_.. =28 X =29 . .
the virtual surveying instrument in surveying ;(Op“m P Xxommn =29 INCONSPICUOUS.
learning more easily. Nooption ™ Nooption ™
7. To find the correlation of students who will R = 0.3 R=0.11 R > 0 represents positive
spend more time on surveying learning afte correlation;
classroom are interested in virtual surveying The result appears to have a
instrument. positive correlation.
8. Whether or not using the virtual surveying ¥ = 3 X =3 Some agree
instrument in surveying training increases
your likeliness to take the surveying course.
9. How helpful is using the virtual surveying | unhelpfully 2%; unhelpfully 2%;
instrument in surveying training? few helpful 7%; few helpful 7%;
some helpful 52%; some helpful 55%;
very helpful 39% very helpful 36%

Note: 4 points = strongly agree; 3 points = ageepoints = disagree; 1 point = strongly disagree

TABLE 4

THE COMPARISON BETWEEN TRADITIONAL SURVEYING TRAINNG AND
THE SURVEY TRAINING THAT INTEGRATES THE VIRTUAL INSRUMENT

Compared dimensions

Survey training with a virtual
instrument

Survey training without a virtual
instrument

Interactive and feedback

The instructors are able to observe and find
individual students’ learning problems by viewing
the student’s monitor.

In traditional teaching, the chalkboard and slide
provide little functions for interaction and real-
time feedback for instructors.

Visualize the abstract
concept

The virtual surveying instrument provides a high
fidelity interface for instructors to design teaudi
activities to address abstract concept visually.

Instructors demonstrate abstract concepts by
sketching on the chalkboard. Sometimes it is
very difficult to present the concept well.

Class management

Using virtual surveying instrument to demonstrat|
the surveying process will help students.

[

It is very difficult for instructors to demonstrate
operations using a real instrument to as many
fifty students .

aS
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TABLE 4

THE COMPARISON BETWEEN TRADITIONAL SURVEYING TRAINNG AND
THE SURVEY TRAINING THAT INTEGRATES THE VIRTUAL INSRUMENT (CONT.)

Compared dimensions

Survey training with a virtual
instrument

Survey training without a virtual
instrument

The reading training of the
measurement data

The developed virtual surveying instrument allo
students to easily read measurement data displa
by character sets. But this method perhaps does
help students to learn how to read the measuren;
data.

SStudents read the measurement data on a real
el - - .
surveying instrument. They must be familiar with
n h )
procedure for reading the level ruler during|

e
ent.
training.

The detail of the instrumen
operation procedure

The virtual surveying instrument provides a
simulated environment. Some details about the
instrument operation are missing.

The real surveying instrument provides physica
interface for students to learn the operation
procedures.

The influence of the
weather conditions

The virtual surveying instrument is not affected b
weather conditions.

y The real surveying instrument is sensitive to
weather conditions.

Tracing learning processes

The virtual surveying instrument provides
functions that can record the operation history fo
students.

The real surveying instrument has a complicated
structure making it difficult for students to learn

the operational skill or to practice repeatedly.

The use efficiency of the
instrument

The cost for providing a virtual instrument for bag
student after class is very low.

It is almost impossible to provide a real
instrument for students to practice after the class

The owning cost of the
instrument

The owning cost of the virtual surveying
instrument is very low.

The purchasing and maintenance cost of real
surveying instruments is often expensive.
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