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Conclusion

We have reviewed the basics of image reconstruction from its projections,
with special emphases on those techniques, which could have direct
applications in the field of plasma tomography. The filters used in the
convolution and in the Fourier methods are shown to be special cases of
the most general filter of equation (12). Considering the symmetry of the
plasma cross section, and the value of the scanning angle, the general
Fourier formula can be reduced to one dimensional integral, depending on
whether the plasma cross-section is circular, elliptical or hyperbolic[14],
[15]. Finally, it should be pointed out that the review of plasma
tomography in this paper is not complete. A much more detailed
discussion of plasma tomographic techniques can be found in the articles,
which have been cited frequently in this review.
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Figure (3c): Noise amplifications for a systematic error for 360° scan
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A detailed theoretical study of the error resulting from reconstructions
using low pass || - filters and a systematic errors caused by use of

detector array is given by Kowalski [5], [6].

W(w) (sin (0.5 0 2)/ 0.5w a)?

Modified Shep & Logan filter

Triangle wave filter

Generalized filter (p= 2,
Generalized filter (p= 2.
Generalized filter (p= 2.

=1.0x10%)
=3.8x10°)
=3 01N107)

Figure (3b): The filter shapes with linear interpolation

Kowalski demonstrated that using fixed detector array to measure the
projection data results in ring-like artifacts superimposed on the
reconstruction image. The amplitude of these ring-like artifacts increases
in the affinity of the rotation centre of the system. It is considerably larger
than the noise generated by a random measurement error with the same
root mean square value. Such fixed systematic errors for 360" scan are

illustrated in figure (3c).
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Triangle wave filter

Generalized filter (p=2,=1.03
Generalized filter (p= 2. 2= 3.5x10%)
Generalized filter (p= 2, { = 3.01x10-%)
Modified Shep & Logan filter

Figure (3a): The filter shapes without interpolation
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{'is a damping factor, which is a function of the cut-off frequency @, and
the parameter p, where p > 0. Kwoh [7] showed that he factor

exp— |a)/ @.|serves as a switch. At low frequencies, it is not triggered

and W (o) z|a)| For higher frequencies it is switched to zero as w

approaches the. cut-off frequency @, . W(w), tends to zero with a rate
depending on the parameters p and @, ."When { = 0, the generalized filter
is identical to the triangular wave filter used by Ramachandran and
Lakshminaraynan [9]. For certain values of p and { the generalized filter

approximates Shepp and Logan’s filter very accurately. Kwoh produced
graphic comparison between his generalized filter and that of Shepp and Logan

filter, as shown in figure (3a,b). The generalized l(z)| -filter is shown to have both

good reconstruction accuracy and flexibility to filter noise.

It follows from equations (8) to (11) that the back projection provides a
reconstruction of the objected image (plasma cross section) by using
weighted average of the projection data. This weighting is provided by
the spatial filter W (t). The final image is then obtained as superposition
of the projections from the different scanning angles from O to n. The
inner summation in equation (10) represents what is to be back projected
in the j™ view when the (x, y) point lies exactly on the line! (t,.0,) .

In general the point (x, y)lies between two such rays but by the linearity

of W(t), the exact value required in equation (10) is obtained by linear
interpolation between the values of the inner summation for the two rays
adjacent to the point (x,y), see figure (2). Furthermore, the linear

interpolation is done simultaneously for the whole sum so that it can be
stored to lower the computational time for the whole construction process.

Shepp [11] has computed the theoretical standard deviation ¢ , in the

reconstruction formula equation (10) as:

2 03 :
otz [ W] du (13)

Where n is the number of views and m is the number of rays per view,
and o as common variance added to each projection data.
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The integer m is equal to the number of data points in each view, and
W(xcos(8,) + ysin(6,) —t,) is the weight assigned to the lines I(t,,6,)in

the reconstruction at the point(x,y), [13, 7]. The inverse transform of
equation (8) can be performed with a great saving of computational time
if the weighting function W(t) is linear for ka<t<(k+1)a , and
k=0,x1,%2,...

Shepp [11] has proposed the following linear weighting function:

4
3 for k=0
Y14}

W@ = 4
a’(4k* -1)

(11)
, for k=12.

The accuracy of the reconstruction of the plasma emissivity depends on
the choice of the weighting function. Shepp’s weighting function,
equation (11) is a modification of Ramachandrans’ weighting functions
[9,11], which was found to have an oscillatory response near cut-off
frequency @, .

To remedy the oscillatory response inherited in the filter function
W(a)) when it is convoluted with the projection data, Kwoh and Reed [7]

have proposed a general class of |(4 -filters in which the two important

filters of Shepp and Ramachandran are special cases. One general class of
| -filters without interpolation is defined by:

@exp_qmp’, for|oaj£E

. a a

)= 1|2n <[zl T 2n (42
—|—-olexp '* ', for —<o>—
ala a a

52



Using the convolution property of the Fourier transforms [1], the back
projection can be written as:

1
b(t,6)=~— [ s@.ow.nrdr (8)

Where ¢(z,6)and W(t) are respectively the inverse Fourier transform of
¢(w,6) and | ® | . The inverse transform of the so called filter function

|co| does not converge, so that equation (7) is valid only in a limited
sense. Since most objections (plasmas cross-section) have spatial
frequencies of interest only below some cut-off @, [10]. We can replace

|w| with a function w(w) which approximates |0)| for ® < @, and
smoothly goes to zero for ®> @.. One such weighting function was given
by Shepp and logen [11] as:

sin(ﬂ)

sin(aa/2) Y’
i)

~ 2
W@ =~
©) a wal?2

Where the constant a is the ray spacing distance between adjacent parallel
rays in each view. Now ¢(6) is known only for

discrete t=t, =ka, k=0x1%2,.. ; 0=6j=j7z/n, j=012,.n-1,

where n is the number of views.

Replacing the integrals in equations (6) and (8) by sums, we obtain the
approximate reconstruction formula for £(x,y) [4, 11};

m
jene1 45y

£(x,y) =21n 33 6(,,6,)W (xcos(6,) + ysin(8,) ~ t,) (10)

Jj=0 =_'m

a
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Equation (5) is the key expression in Shepp and Logan Fourier Algorithm,
the spatial frequency function |a)| comes from the Jacobian of the

transformation into polar coordinate.

Figure (2): Plasma object &(x, V) and its projections #(t.6) are shown for
parameters 0 and t.

The inner integral of equation (5) is defined as:
1 N .
b(t,0) = — w,0)exp"™ dw 7
,6)=— [ |p(@,6)exp M

Equation (7) is known as the back projection formula [7].
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GENERAL THEORY OF PLASMA TOMOGRAPHY

Let &£(x,y) define the emissvity at (x,y) in a fixed xy -plane in the
plasma cross-section. Then let ¢(z,6) denote the integral of £(x,y) along
the line /(¢,0) , hence:

#(1,0) = [e(x, y)dxdy S

£(1,60) .
Where £(z,0) 1s the line whose normal though the origin makes an angle

0 with the positive x -axis, and has length t, figure (2) shows the
geometry of this transformation, and /(¢,6) satisfies the following

parametric equation:

t =xcos@+ ysiné (2)
Fourier transforming the projection data constitutes the' basis of the
Fourier reconstruction algorithm [1]

H(w,0) = j¢(r 0)exp @adt 3)

The two dimensional Fourier transform of &£(x, y)in polar coordinates is
equivalent to Fourier inverse transform of ¢(¢,8) [11]:

$(,0) = &(w,8) @)
Where, the Fourier transform of &(x, y)is [3];
8(0) 9) IJ.E(-X y)eXp iw(xcos 6+y sin B)dxdy (5)

If the projection ¢(z,8)is known for all the lines 4(¢,6), then &(w,H) is

given by equations (3) and (4). The Fourier inversion formula then gives
&(x,y)as:

ddo (6

o | |
£(x,y) = 4_7rzj do I¢(W, B) exp'@xsf+ysn®
0 —o0
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The plasma cross-section can be scanned by means of a detector array.
The array can than be rotated to form a set of n number of views, each
view is inclined at a certain angle 0, and consists of m number of line
projections. Figure (1) shows how soft x-ray plasma emission may be
utilized to reconstruct plasma emissivity in the xy-plane.

. m
Plasma object ¢ (x.v) R l

N\ )

-
& > Detector array

Scan
‘\
\
L]
AN

Figure (1): Showing the scanned plasma cross section with several views
each consists of (m) projections with fixed rav spacing constant (a).

In what follows we adopt the Shepp and Logan Fourier reconstruction
technique [11], and try to use it to image a plasma cross section which
possesses no symmetry. The reconstruction algorithm may be viewed
simply in the spatial domain as the sum of each line integral times a
weighting function (to be chosen) of the distance from the line to the
point of reconstruction.
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REVIEW OF PLASMA TOMOGRAPHY ON TOKAMAK
SYSTEMS

A.S. Alhasi
Department of Physics, Faculty of Sciences, University of Garyounis
Benghize, Libya

Abstract

In this review the Fourier reconstruction algorithm is used to view
plasmas in spatial domain as the sum of each line integral times a
weighting function (to be chosen) of the distance from the line view to
the point of reconstruction. We have shown that the most useful filters in
plasma image reconstruction are special cases of those general class
filters proposed by Kwoh and Reed. Due to the symmetry of the plasma
cross section, and the value of the scanning angle, the general Fourier
formula can be reduced to one dimensional integral, depending on
whether the plasma cross section is circular, elliptical or hyperbolic. The
opaque tokamak plasma cross section can be scanned by means of a
single detector array. The detector can than be rotated to form a set of n
number of views, each view being inclined at a certain angle 6 and
consists of m number of line projections.

INTRODUCTION

Soft x-ray imaging has proven to be one of the most valuable diagnostic
tools for studying tokamak plasma [12]. This is largely because radiation
of plasma at tokamak temperature falls in the soft x-ray to UV part of the
spectrum. Furthermore, the relatively high densities normally encountered
in tokamaks emit easily measurable fluxes [2, 8,13]. The magnitude of the
spectrum of the radiative flux from a plasma is directly related to the
basic characteristics ( temperature, density, and chemical composition) of
the plasma. Moreover, with the assumption that the plasma is optically
thin to its own x-ray emission, radiation from any part of the plasma will
arrive at an external detector essentially unaltered by intervening plasma.
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35. If yes, please indicate the name and address of the body that offer the
information?

36. Have you had any work experience? -

A. Yes B. No

37. If yes, indicate the name and place of your
employer:

38. What is your judgment of employment opportunities after graduation?
A. Very high B. High C. Fair D.Poor E.Don't

know/Not sure

39. When you graduate where would you like to work?
A. Inurban area (city or town),

specify
B. Inrural area, specify
Concluding comments

40. On the basis of your experience in this college, would you encourage

others to enrol?

A. Yes B. No C. Don't know/Not sure

41. Do you consider your views to be representative of all students?
A. Yes B. No C. Don't know/Not sure

42. If no, give
details:

Thank you very much for your participation
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F. Courses don't reflect profession.
G. No comment.
25. In general terms are you satisfied with the educational/training
Programmes? ‘
A. Very satisfied B. Satisfied C. Not satisfied
26. If C, give reasons:
Courses don't reflect profession.
Courses are out of date.
Lack of practical programmes.
The educational atmosphere isn't suitable for higher education student.
Don't feel as higher education student.
Courses time-table isn't well-organized.
27. What is your personal evaluation of the courses you are studying?
A. Too theoretical.
B. Too practical.
C. Well balanced. '
28. Where usually practical/training programmes are taken place.
A. Most of the practical programmes are conduct in the college.
B. Most of practical programmes are conducted outside the college.
29. If B, indicate the
place:
30. In your opinion what action would most improve the educational/training
programmes?
Improve buildings.
Raise standard of courses.
Improve labs/workshops.
Increase length of course.
Provide better guidance to student/trainee before course.
Improve and tighten discipline.
Other:

mHONWwW>

QEmoawe

Employment opportunities

31. Do you intend to seek employment in you major field of study?

A. Yes B. No C. Don't know/Not sure
32. If no, why do you remain in this field? Please, give
reasons:

33. Do think authorities should take greater interest in the employment
possibilities of graduates?
A. Yes B. No C. Don't know/Not sure

34. Did you receive any information on employment possibilities open to you
after graduation?
A. Yes B. No
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F. 1 wasn't accepted on a course I preferred.
G. Other, specify:
.Educational background
14. Previous schooling.
A. Academic B. Specialized C. Vocational
15. Place of secondary school:

16. Year of graduation:
17. Do you see any connection between the courses you studied in secondary

school and your current courses?

A. Yes B. No. C. Don't know/Not sure
18. Is your present field of study compatible with your desired profession?
A.Yes B. No. C. Don't know/Not sure

19. If no, please give reasons:
A. Didn't meet the specific requirement of preferred course.
B. Preferred was too unaffordable.
C. Preferred wasn't available where I live.
D. Parents advice other wise.
E. Changed my mined after received other options
F.Other, please specify
Location and accessibility
20. What mode of transport do you usually use to get to the college?
A. Walking B. private car C. Taxi D. Bus
E. Other:
21. Can you estimate how long it takes by car to get to the college?
A. Less than 15 minutes
B. 15-30 minutes
C. More than 30 minutes
21. How do you find the journey to the college?

A. Very easy B. Easy C. Difficult D. Very difficult.
22. What is the main constraint in reaching to the college?

A. Road work B. Heavy traffic C. Traffic lights

D. Long distance E. None.

Quality of teaching/training
23. What is your opinion of the course, compared with your expectations?
A. It meets my needs and expectations.
B. Doesn't meet my needs and expectations.
24. IfB:
I was intended to enrol at university.
Lack of practical programmes.
Because of course time table.
Courses are below standards.
Courses are too hard.

monwy>
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Appendix 1: Student Questionnaire Design

Dear Student

This questionnaire is designed to collect information about socio-economic and
educational backgrounds as well as perceptions and opinions of the students about
the programmes provided in the college. This information will be used to improve
the quality of the college. Please do not place your name on the questionnaire.
This information provided in this form will only be seen by the researcher. The
information will be confidential and used for statistical purposes only. Please read
questions carefully and answer by circling the appropriate number or write in the
blank space. If you face any difficulty in completing the questionnaire, please do
not hesitate to ask for help. Thank you very much for helping with the study. I
greatly appreciate your taking the time to complete the questionnaire.

Name of the College: Date:

General information
A. Age:
. Place of Birth:
. Gender: A. Male B. Female
. Nationality: ~ A. Libyan B. Non-Libya
Type of accommodation : A. Dormitory B, Private
Permanent address:
. Number of family members:
. Father's level of education:
A. Illiterate B. Read & write C. Primary
D. Preparatory E. Secondary F. University +
1. Mother's level of education:
A. llliterate B. Read & write C. Primary
D. Preparatory E. Secondary F. University +
10. Total monthly income of the family (approximately):
I'1. Who pays tuition fees?
A. Myself B. Parents C. Sponsorship
12. If C: A. Public body B. Private body
13. What were your main reasons for enrolling in the course?
A. Through central admission.
B. My employer is sponsoring me.
C. I'm an unemployed/a school leaver and want to improve my job
prospects.
D. I want to start my own business.
E. Desire for more study for its own sake.

ToQTnmonw
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accordance with the needs of the local industrial, economic and social
structures. More importantly, HVIs should introduce students’ academic
and career counselling services as an important tool in providing students
with the necessary information regarding career and employment
opportunities. In addition, HVIs should establish links with local
businesses and find ways of coordination between the programmes
provided and the requirements of the employers, this could also
incorporate  work placements. Such measures, consequently, would
enhance future employment opportunities for students enrolled in HVIs
and bridge the gap between the supply and the demand of the local labour
market.
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opportunities available to them after graduation. This finding was
consistent with the findings of earlier research (Mogassbi, 1984).
According to a number of related studies, obtaining a place for
employment has become an increasing challenge and often a “stressful
process” for new graduates (Perrone and Vichers, 2003; Graham and
McKenzie, 1995). This situation of a lack of information regarding
employment opportunities combined with a lack of previous work
experience, has almost certainly led them to be extremely pessimistic about
the probability of employment opportunities available to them after
graduation.

Regarding the location of prospective work, most of the respondents
reported that after graduation they would seek employment in Benghazi.
This tendency can possibly be attributed to two factors. Firstly, Benghazi is
considered the largest local labour market in the Sha’biyat of Benghazi and
secondly it gives an indication of the limitation of geographical mobility of
the students who prefer to seek work near to where they are domiciled.
This lack of geographical mobility of graduates of HEIs can possibly be
explained by a lack of adequate information regarding the world of work
and employment opportunities available to students after graduation. This
lack of geographical mobility, however, entirely contradicts the wide
employment mobility experienced by people with a higher education
degree (Belfield and Morris, 1999).

5. Conclusions and Recommendations

Given the above findings and discussions, it can be concluded that while a
significant proportion of the students included in the survey seemed to be
generally satisfied with their study programmé, they remained extremely
concerned about the nature and adequacy of instruction offered which was
largely theoretical. They also had concerns about the insufficient human
and physical facilities. In addition, they seemed more pessimistic about
employment opportunities available to them after graduation. These
negative attitudes can perhaps be linked to the unavailability of career
counselling services for the students and the lack of work experience
during course training. Therefore, authorities should be equally concerned
with providing HVIs with sufficient physical and human resources
(buildings, laboratories, workshops, instructors) to enhance instruction
delivery, practical programmes, and consequently to enhance the output in
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service. Related to this matter, physical access to institutes had been
described as easy or very easy by three-fifths of the respondents; the daily
travel generally took less than 30 minutes and the vast majority of the
respondents (86%) relied on motor vehicle modes to travel to and from the
institute. Furthermore, about three-fifths of the respondents reported that
heavy traffic and long distance were found to be the main hindrances
during their daily travel. However, this situation of long distance travel and
using motor vehicle modes for transport could be a major constraint to
students belonging to lower income families.

According to the regulation 114 of 1994 article 14, 60% of curriculum
instruction time should focus on practical training and 40% on theoretical
knowledge (Ajarida Arrasmiya, 1994). However, it is clear from the
findings that instruction in institutes tends to emphasise theoretical issues
rather than practical applications. Similar findings have been previously
reported by Arrabei (2004) and Aldhaif et al (2001). In this regard Arrabei
(2004,p. 2) has commented on the inadequate practical applications and the
insufficient work experience of the graduates of applied and technical
fields:

Graduates of applied and technical fields are often facing challenges in securing
placement in the labour market, particularly in the private sector. This is
primarily because of the lack of work experience and insufficiency in areas
related to specialisation and occupation during their college study. This is also a
result of the dominance of theoretical subjects at the expense of practical ones
because of a lack of or non-existence of workshops, laboratories and equipments
which are often needed for practical applications.

Although a high proportion of students included in the survey were
apparently satisfied with their courses, they thought that institute
programmes needed to be improved. This improvement should cover:
better guidance, physical facilities, human resources and an increase in
practical courses. Along with these findings, a previous study conducted by
Aldhaif et al (2001) has mentioned that most institutes suffered from a lack
of physical and human resources which resulted in inappropriate
functioning as HEIs.

In spite of the importance of career counselling services for students as

potential employees (Mau and Fernandes, 2001), the findings revealed that
most of the respondents have not obtained any information about work
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4. Discussion

On the basis of the above mentioned results, specific points are
distinguished and discussed in the following paragraphs.

Interestingly, the majority of the participants were females (71.3%). The
preponderance of females over males, however, does not reflect the gender
ratio of the total population at national level as according to DGHVEIs
(2000) the gender ratio was 47% for females and 53% for males in 2000.
Also, a high percentage of the total participants were of a students age,
being 25 years of age or younger. These characteristics can be accounted
for by the popularity of institute courses among female students on the one
hand and the extent to which institutes contribute to the local labour market
with younger skilled manpower on the other.

As far as the previous educational background of the student is concerned,
the majority of respondents came from academic secondary schools
whereas very few came from VET secondary schools. This tendency can
possibly be explained by the fact that many VET secondary graduates go
straight to the labour market following graduation rather than going on to
HEIs. In addition, contemporary secondary education in Libya is over-
dominated by academic subjects and its graduates lack the necessary skills
needed by workplace. VET programmes comprise a relatively small
proportion of the secondary education system as Alaghbari, (1998, pp.
150-151) observes:

The secondary education system in Libya focuses on preparing individuals for
university education and neglects preparing them professionally to contribute to
the development plans of Libya. Indeed, secondary education is dominated by
academic curriculum subjects while technical and vocational subjects comprise a
relatively very small portion of the education programme. Secondary education is
far from workplace life and production. This situation has led to the lack of
balance between theoretical knowledge and professional practice. Furthermore,
secondary education suffers from a lack of guidance and orientation. Moreover,
graduates from secondary education who cannot enrol at university do not find
appropriate jobs that match their abilities and their specialties because of their
low level of education and the lack of employment opportunities available on
labour market.

Locational accessibility refers to physical proximity of a service facility,
and this is considered an important determinant affecting utilisation of a
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work opportunities for graduates must be the government’s main concern.
Respondents were asked about the availability of employment information
to students. More than three-quarters of the total sample reported they had
not received any information in relation to employment opportunities
available to them. Respondents who obtained information or advice about
employment opportunities (23.2%) mentioned various sources. A large
proportion (46%) of those obtained information through direct contact with
employment agencies and 14.3% from relatives and friends. However, just
7.9% reported that they got information through the institutes themselves.

Concerning employment possibilities after graduation, respondents were
asked about their expectations of future employment opportunities. Almost
43.8% of the respondents reported that employment prospects following
graduation would be poor while 22.1% predicted it would be fair.
However, only 14% had high or very high expectations for employment
after graduation (Figure 3). Regarding their prospective employment
location after graduation, more than two-thirds claimed they intended to
seek work opportunities within the city of Benghazi. Those who stated that
they intended to seek work opportunities outside Benghazi were 5.2%
within the Sha’biyat of Benghazi and 21.3% within other Sha’biyats. The
remainder (1.5%) intended to seek work opportunities outside the country.

Figure 3: Work Expectation after Graduation
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main reasons provided by the respondents who answered negatively were:
“courses do not reflect profession or are irrelevant” (17.5%), "courses are
difficult" (15%) and "courses are below standard” (12.5%).
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Likewise, respondents were asked to report the level of their satisfaction
with the education and training programmes provided at the institutes. The
majority of the respondents (63.6%) were satisfied with the level of
programme. However, 36% expressed their dissatisfaction. Those who
reported dissatisfaction were requested to give their reasons for this. The
main reasons for dissatisfaction were: programme comprised of too many
irrelevant courses (14.3%), an equivalent number (14.3%) also mentioned
a lack of practical courses and that they did not feel like a higher education
student. 12.2% reported that the courses were too hard for them.
Inadequate staff and facilities as well as insufficient administration were
reported by 10.2% and 8.2% respectively. Respondents were asked to
determine areas that urgently needed improvement and amelioration and
which would consequently improve the internal efficiency of the institutes.
According to the respondents’ answers the different areas that need to be
improved were as follows:

There is a need to raise the standard of courses (25%);

Improve facilities (laboratories, libraries, workshops, and
equipment) (23.2%);

Improve buildings (19.5%);

Provide better guidance (16.9%); and

Other areas (15.4%).

3.5 Employment and careers

The transition from college to the world of work has been considered one
of the major challenges for graduates (Graham and McKenzie, 1995). To
view the related aspects of this issue within the Institutes, respondents were
asked to provide answers regarding this matter. Traditionally, the Libyan
Government has been the main employer of higher education graduates.
However, as a result of the budgetary constraints during the last two
decades (Keibah, 1998), the Government is no longer able to guarantee
employment opportunities to graduates. In conjunction with this, the vast
majority of the respondents (85.7%) believed that providing graduates with
employment should be the government's responsibility. In other words,
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In response to the inquiry about the average daily travel time between
home and college, more than three-quarters of the sample (76.1%) reported
that their daily travel usually took less than 30 minutes and 21.7% stated
their daily journey usually took more than 30 minutes. Related to this
factor, the respondents were asked to describe how easy or difficult their
daily travel between institute and home was. This daily travel routine had
been described as easy or very easy by about three-fifths of the total
respondents. On the other hand, however, around two-fifths described their
daily travel as difficult or very difficult. Heavy traffic on the road was
found to be a major hindrance by over a third of the total sample
population followed by long distance (26.1%), traffic lights (9.2%) and
road works (4.8%). At the other end of the table, 25.7% reported they had
not experienced any type of constraints during their daily travel routine
(Figure 2).

Figure 2: Constraints Experienced During Daily Travel
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3.4 Views on programmes

Respondents were asked to describe their overall satisfaction with their
courses at institutes. In this regard, the majority of respondents were in the
affirmative and stated that the course programme met their needs and
expectations (70.2%). 29.4% of the sample responded negatively and
stated that the programmes did not meet their needs and expectations. The
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3.2 Educational background

The respondents were asked to provide information about their educational
background. Those who had an academic education were the highest at
89.7%, whilst those with a specialisation education or vocational education
were only 9.6% and 0.7% respectively. In responding to a question on
whether the present course of study was compatible with their desired
profession, almost 60% of the respondents stated that the present course of
study was compatible with their desired profession. However, about a
quarter of the total respondents reported the present course was
incompatible with their desired profession and the rest (14%) did not know
or were not sure. Those who reported incompatibility of the current course
of study with their desired profession were requested to give reasons for
their responses. Students expressed a variety of reasons; however, a
particular emphasis was placed on two reasons: first, they did not meet the
preferred course requirements, as a result of their GSEC lower grades and
second, course selection was a result of parental advice. These two reasons
accounted for 39.1% and 27.5% respectively.

3.3 Locational accessibility

According to Stanilove (2003), accessibility describes the ease of access to
a particular location. Locational accessibility can be tested or measured in
time, distance, cost and mode of travel used to arrive at the service facility.
To measure the physical accessibility of the location of the institutes to
beneficiaries, respondents were asked to provide answers to the following:

o Type of transport used to travel between institute and home;
e Average travel time;

e How easy/difficult is the daily journey; and

e Physical constraints that would affect their daily journey.

The mode of transport most frequently used by the respondents to arrive at
institute was the minibus. This type was used by 40.4% of the total
population sample, followed by their own cars (either as a passenger or a
driver) which accounted for 30.1%. Other motor commuting means used
by respondents were taxi service 14% and hitch-hiking 1.1%. These four
types jointly accounted for 85.6% of the total responses. Only 13.6% of the
total respondents walked between home and institute.
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Table 2: Distribution of the sample population in the academic year 2003/04

Total l:;:):;i Noof - Rel::o(l:zes
Institute Name No. of Responses
Students Sax.np]e Received no't
Size Received
Higher Institute of Management and Finance 146 34 27 7
Higher Institute of Technical Teachers Training 42 10 10 0
Higher Institute of Social Work 177 41 41 0
Higher Institute of Mechanical Engineering 44 10 10 0
Higher Institute of Teachers Training 418 97 91 6
Higher Institute of Computer Applications 169 39 29 10
Higher Institute of Nursing 145 33 32 1
Higher Institute of Electrical Engineering 43 10 10 0
Higher Institute of Civil Engineering 124 29 22 7
Total 1,308 303 272 31

The Table was developed by the author according to the figures of the selected sample
in each institute.

3. Data Analysis
3.1 Socio-Economic Background

Out of the 272 of the students’ sample, 71.3% were female and 28.7%
were males. The vast majority (87%) were 21-25 years old and the
remaining were 26 years old or over. To assess the socio-economic status
of HVIs students, the participant were requested to provide information
about: i) the highest level of education attained by their parents, ii) the
average monthly income of the family and iii) the family size. The results
showed that about one-third of the respondents’ fathers and two-thirds of
the respondents’ mothers have no formal education. About 70% of the total
respondents belonged to families with 10 members or more. A significant
proportion (62.5%) of respondents’ family income level was found to be
below 300 Dinars. In respect of place of residence, the great majority of
respondents (85.3%) were born in Benghazi City or other towns but still
within the Sha’biyat of Benghazi.
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main research methods adopted were literature review and questionnaire
survey. The Literature review provided a general background about the
development and current status of Libyan higher ‘education. It also, assisted
the developing of a general theoretical framework for the study. In order to
fulfil the purpose of this study, a questionnaire was developed to obtain
information to examine some aspects of the study under investigation
(Appendix 1). The questionnaire consists of 42 mostly closed-ended
questions and administrated to a sample of final-year students at nine HVIs
in the Sha’biyat (Governorate) of Benghazi, Libya (Figure 1). The sample
size was determined based on the table developed by Kregcie and Morgan
(1970). A proportionate stratified sampling procedure was employed to
guarantee accurate representation of the target population (Moser and
Kalton, 1979). The subjects were then randomly selected from lists
provided by each institute. The sample size was 272 students, representing
about 23% of the total population (Table 2). The questionnaire data were
analysed and discussed in the following sections.

Figure 1: Distribution of the HVIs in Benghazi Area
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1. Higher Institute of Management and Finance
2. Higher Institute of Technical Teachers Training
3. Higher Institute of Social Work

4. Higher Institute of Mechanical Engineering

5. Higher Institute of Teachers Training

6. Institute of Computer Applications

7. Higher Institute of Nursing

8. Higher Institute of Electrical Engineerig
9. Higher Institute of Civil Engineering

Source: Secretariat of Planning (1978); Municipality of Benghazi (1992); and the field
study,2004.
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Table 1: Development of HEIs in Libya

Type of institution 1970 1980 1995 2000 2004
Comprehensive 1 11 11 13 7
University
Departmental - - - - 20
University
Private University - - - - 40
Open University - 1 1 1 1
Non-university College 4 15 54 85 120

Source: Bubtana and Sarakbi 1992; NCETR 1996, DGHVEIs 2000; Gannous and
Aljoroushi 2004.

However, several previous studies on higher education in Libya provide
evidence of the unplanned nature of the establishment and locations of
‘HEIs in the country, which has occurred as a result of "social pressure"
more than the real needs of an area. Previous studies have also indicated
that neither the distribution of the HEIs nor the courses they provide have
followed a sensible plan to meet the true development needs of the country
(Albadri, 2006; El-Hawat, 2003; Aldhaif et al, 2001). Aldhaif et al (2001,
p-37) have specifically commented about the poor conditions and
subsequently the outcome of the HVIs in these words:

® Most of the institutes’ buildings are inappropriate and previously were high
schools, and often smaller in size than elementary schools buildings.

® Most of these institutes suffer from a lack of laboratories and workshops and
therefore, most of courses teaching is provided in theoretical settings rather
than by practice-based instruction.

®  Most (if not all) of the institutes are without libraries, they do not even have
bookstore service.

® With the shortage of means, the deficit in the faculty members and the
shortcomings of buildings in addition to indifference of the institutes
administrators to arrange fieldwork practical training, students of these
institutes are graduated at the level of basic education.”

2. Methodology

The nature of this study is exploratory and descriptive. Exploratory studies
are particularly useful "when we do not know much about the situation at
hand, or when we have no information on how similar problems or
research issues have been solved in the past” (Sekaran, 2000, p. 123). The
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data for the evaluation of educational programmes. With regard to this,
Astin (1997, p. 164) points out:

Given the considerable investment of time and energy that most students make in
attending college, the student’s perception of value should be given substantial
weight. Indeed, it is difficult to argue that student satisfaction can be legitimately
subordinated to any other education outcome.

Despite the importance of VET programmes in the development and
advancement of individuals and the society as a whole, very little is known
about these programmes particularly in higher education in Libya.
Therefore, the purpose of this paper is to add to the literature in the area of
VET programmes in developing countries by determining the perception of
students at Higher Vocational Institutes (HVIs) in Libya. It covers their
experiences regarding the provided courses, physical accessibility of the
institutes as well as work after graduation and other related issues.

As far as higher education in Libya is concerned, it is important to note
that during the long colonial era (1551-1951) there were no higher
education institutes (HEIs) in the country. As a matter of fact, it was not
only HEIs that were unavailable, primary and secondary education levels
were also very limited (Wheeler, 1966). However, five years after
Independence the Faculty of Arts and Education "the nucleus institution of
the Libyan University,” was established in 1956 (Bubtana and Sarakbi
1992). Since then and over the past few decades HEIs in Libya have seen
substantial growth in both absolute and proportionate terms as clearly can
be observed from Table 1. VET is an important sub-sector of the education
system in Libya. It has been subjected to an active process of evaluation
and redesign and has become the focus of the Government’s strategy in
more recent years (El-Hawat, 2003). Accordingly, during the 1990s, the
network of HVIs was improved and expanded considerably for the purpose
of enhancing the supply of skilled manpower needed for the socio-
economic development plans. These institutes increased substantially from
54 in 1995 to 120 institutes in 2004 (Table 1). The HVIs are post-
secondary institutions and offer a theoretical and practical based
curriculum. The main objective of these HVIs is to provide a highly
qualified human resource to fulfil the requirements of the economic and
social transformation plans. These HVIs are judged as the main supplier of
highly skilled manpower (DGHVEIs, 2000).
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1. Introduction and Background

Libya has historically suffered from a shortage of skilled manpower. This
has led to increasing dependence on foreign skilled labour in many fields,
especially those requiring the technical expertise which is lacking among
local workers. This problem has become more pronounced over the past
few decades, as the country has attempted to keep pace with the
technological changes occurring in many developing countries. Therefore,
a heavy dependence on foreign labour was the apparent answer to the
problem. This dependence on skilled foreign labour will increase as more
development projects are planned and implemented. Moreover, most of the
studies (Alaghbari, 1998; Mogassbi, 1984; Dughri, 1980) that dealt with
Libyan socio-economic issues have widely acknowledged the relative
neglect in the area of human resource development and management in the
country. These studies have further underscored the importance of
vocational education and training (VET) programmes as a key factor to
address the most pronounced problem of the shortage of skilled labour.

Students’ perception regarding their college experience has been a topic of
growing interest over the past few decades. A student's reflection of their
experiences of the learning environment is of particular importance to
those engaged in education planning. It provides an important source of
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Views
Saad M. Elzalitni
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Abstract

Libya traditionally suffers from a shortage of skilled manpower. In the
1990s a network of Higher Vocational Institutes (HVIs) was introduced to
enhance the supply of necessary qualified manpower. As in many other
countries, higher education institutions (HEIs) in Libya have experienced
massive expansion in terms of quantitative growth and geographic
distribution in recent years. However, despite significant and positive
impact of this expansion on the society, several analysts argue that HEIs
have increased in number and not quality. This study attempts to assess
experiences and expectations among HVIs students regarding the
vocational education and training (VET) Programmes in Libya. The focus
is particularly on the overall satisfaction of their experiences regarding the
provided courses as well as employment expectations after graduations. As
indicated in the results, while a significant proportion of the students
included in the survey seemed to be generally satisfied with their study
programme, they remained extremely concerned about the nature and
adequacy of instruction offered. They also had concerns about the
insufficient human and physical facilities. In addition, they seemed more
pessimistic about employment opportunities available to them after
graduation. Some recommendations to improve the situation are proposed.
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where L represent picolinate ligand, the molar conductance values of the
complexes reveal a non-electrolytic nature, IR spectral data display the
coordination behavior of the picolinic acid toward Cr(III) ion in the two
isomers, the electronic spectra reveal that the peak of fac was wider and
higher than the other isomer, TGA of the complex shows three stages of
the mass loss exhibit the presence of water molecules during the formation
of complex; leaving CrO; residue at >550°C, the thermodynamic
activation parameters of decomposition processes by employing the
horwitz-mitzger and coats—redfern relations; the most significant result is
the considerable thermal stability of the complex reflected from the high
values of the AE" and the negative sign of the AS* and electron
paramagnetic resonance spectral data satisfy the presence of paramagnetic
phenomena and support the expected geometrical structures for complex.
although we found that the field of salting-in is still in need of further
understanding. At the end of this study we conclude that the salting-in can
be used as preparation technique for insoluble complexes.
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Fig. (3): E.P.R. spectrum of fac [Cr(pic)s].H:O complex

The geometrical structure

CONCLUSION

In the salting-in procedure; the salts increase the solubility of many
proteins, this phenomenon was applied in this paper, as the salts in the
series increase the solubility of nonpolar molecules and increase the order
in water; in effect, they weaken the hydrophobic effect. In the present
study, the solubility of chromium Picolinate [Cr(pic-O)3;]H,O was partial
and on the dissolved part the effect of salting in was altering the isomer
from mer to fac, this was proved by different techniques such as, The
elemental analysis data of the two complexes have the [M: L] ratios of 1:3
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as: *Agg(F) — “T1e(F), *Agy(F) — *T 4(F) and *Agg(F) —
4T1g(P). The Cr(III) picolinate complex with KI, spectrum of shows
a band at 515 nm, (19417.48 cm™) due to *A,g(F)—*T,g(F)
transitions. An octahedral environment around the Cr’* ion was
suggested .*

The electronic spectra in the d-d manifold closely resemble other
fac-mer isomeric pairs. The more symmetrical facial isomer (pink)
has a band of parentage ‘A,g — 4T1g centered around 520 nm much
narrower than that of its mer- isomer (reddish) cantered around 515
nm (fig.2) and Table (5). The peak of fac- isomer is wider and higher
than that of mer-."’

Table (5): The electronic absorption bands of the complexes

Complex picv (cm'l) v (cm™)
mer-[Cr(Pic);].H,O 32786 19417
fac-[Cr(Pic);].H,0 resulted in KI 33333 19230

«x -0 =« S -« s oo
L)

Fig. (2): Absorption spectra of geometrical isomers of [Cr(Pic);]H,0

Electron paramagnetic resonance of [Cr(pic);]JH,0 complex
The spectrum of this complex displays a g value of 1.959. This

value is deviated from the ideal free electron value due to the partial

ionic phenomena of covalent bond between the metal ion and

14
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Table(4): Thermodynamic Parameters of the thermal decomposition of

[Cr(pic)s] H20
Complex | DECOM HORWITZ-MITZGER AND COATS-REDFERN
P position HM (CR)

E A AS’ AH AG
(KJmol ") s gmol' K | (KImol") | (KImol)

81.03 1.93x10" -50.03 71.87 96.89
55150 | (67.93) | (8.83x10% | (-11399) | (64.77) | (108.13)

Cr(pic);]J.H,0

[Cripich su0430 | 29457 3.24x10" 160.10 288.96 180.85
(269.63) | (9.34x10®) | (130.62) (264.01) | (175.81)

soaro| 8706 | 221x10% | 38604 | 48099 199,03
(471.66) | (245x10%) |  (386.89) (465.58) | (182.99)

‘” DTG

Fig. (1): Thermogravimetric analysis of [Cr(pic)3]H20 complex

The electronic spectra of the chromium complexes

Cr(II) has a &’ electronic configuration. In the ground state these
electrons occupy the tp, orbitals, i.e. (tzg)3. The two e, orbitals are
empty, providing two holes into which electrons can be promoted.
The electronic spectra of Cr(IIT) complexes exhibit three absorption
bands. In the ground state, the d,y, dy, and dy, orbitals each contain
one electron, giving the singlet state 4A2g(F). The first excited state
corresponds to promoting one electron, i.e. (tzg)z(eg )L, triply
degenerate state, 4ng(F). The second excited state, also triply
degenerate state 4T1g(F), corresponds to promoting two electrons, i.e.
(tzg)l(eg y* %" The spectra can be interpreted by using the same
Tanabe-sugano diagram.”® The transitions are represented

13



temperature range 440-470 C° and corresponds to DTG peak at
457C" at which the compound with the formula CrC;H4sNO, with a
total weight loss of about 34.48% (found) 34.38% (calc.); was
completely decomposed leaving Cr,O; residue; with a total weight
loss of about 17.24% (found) 17.42% (calc.).
The thermodynamic parameters of [Cr(pic)s;].H,0 complex

The thermodynamic activation parameters of decomposition
processes of dehydrated complex namely activation energy (AE"),
Arrhenius factor (A), enthalpy (AH"), entropy (AS™) and Gibbs free
energy change of the decomposition (AG") have been calculated
graphically by employing the Coats—Redfern and Horwitz—Mitzger
relations.”** The calculated values of E*, A, AS*, AH"and AG" for
the decomposition steps are given in Table 4. The most significant
result is the considerable thermal stability of the complex reflected
from the high values of the activation energy of the decomposition
which are in second and third steps. The second essential result from
Table 4 is the entropy change AS™ for the formation of the activated
complex from the starting reactant is in the first step of the negative
values. The negative sign of the AS™ suggests that activated complex
has more ordered systems than reactants. '>*

Table( 3): TGA and DTG data of [Cr(pic);] H,0

DTG WEIGHT
TG RESULTS
RESULTS LOSS (%) | EVOLVED
COMPLEX STAGE RA’f\IIi}I\;[EP(C) TEMP.PEAK | FOUND MOIETY
) (CALC.)
345
1 55-150 107 (3.13) H,0
2 340-430 402 44.83 CrC1HgN,0,
. (45.84)
fac[Cr(pic);).H,0 3448
3 440-470 457 (3438) CrC;H,NO,
. 17.24
Residue >550 - (16.65) Cr,04

12



Table (2). Infrared spectral results for mer-tris-
picolinatochromium(111)

, monohydrate and fac-tris-
picolinatochromium(II)monohydrate

Picolinic acid | mer[Cr(Pic);.H,O | fac[Cr(Pic):].H,O0 | Assignment™”
3435 br 3524 br,s 3525 br,s v (H0)
3455 br,s 3457 br,s
1719 s - - vas(COOH)
1655 ms 1677 vs,br 1679 vs,hs v(CO0)
1595 vs, 1605 vs 1606 vs, v(C=0)
1439 s 1469 s,sh 1450 s,sh
1529 s, 1562 s, 1566 s, v (C=N)
1455 vs 1469 s 1471 s
1307vs 1324 vs, 1326 vs v(COQ0)
1010 s 1028 s 1029 s S(C-N)
966 s - - o (OH)
752 vs 765 vs 765 vs 8(C-H)
- 463 s 465 s Cr-O
- 3825 385s Cr-N

v = very, m = medium, s = strong, w = weak, br = broad, v,;s = asymmetric
vibration,
Vs = symmetric .

TGA and DTG of fac[Cr(pic);].H;0 complex

The TG and DTG curves of the [Cr(pic);].H,O complex, are
shown in figure 1; and the data in Table (3). The complex shows
three-stages of the mass loss. The first mass loss in the temperature
range 55-150 °C corresponding to DTG peak at 107 °C to the loss of
hydrated water molecule and formation of [Cr(pic)s]; with a total
weight loss of about 3.45% (found) 3.13% (calc.). The second
decomposition step occurs in the temperature range 340-430 C°
correspond to DTG peak at 402 °C leads to formation of
CrC;HgN,O,; with a total weight loss of about 44.83% (found)
45.84% (calc.). The last decomposition step occurs in the

11
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is no major distinction in their ir spectra. The absorptions due to the
ligands are essentially the same; the observed vibrations of picolinate are
not much affected by coordination nor by the overall symmetry of tris-
complexes. However, the absorption due to the stretching modes of
crystalline water do not differ in both isomers. In the meridional and facial
isomers, broad and unstructured bands occur at 3455 and 3457 cm’! which
are taken to arise from the unusual water molecules. Observed in the
crystalline forms.*® The ir spectra of both isomers, the facial
[Cr(pic)3].H>O and meridional are rich. Some sharp and strong bands are
observed at 1677, 1566, 1469, 1324, 1028, 765 and 463 cm’’. the bands at
(1677-1469 are attributed to pyridine ring vibrations and are possibly
influenced by N...M™™" interactions. Bands at 1324, 1326 are reported to
be the ionized v(C-O) +(COO)sym. All the bands in the range 1060-765
cm’ are reported to have contribution form & (C-N) + v (C-N) + 8 (C-H) +
o (N CO).”The infrared spectra of these complexes show two bands at 465,
463 and 385, 382 cm’' which are attributed to v(M-0) and v(M-N)
vibrations;*"** to fac- and mer- respectively.
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evaporated, then purple precipitate was collected after cooling by filtration
and dried in vacuum over silica gel; yield 36.43% of the fac- [Cr(pic-
0)3].H20 complex.

found: C, 49.97; H, 3.60; N, 9.92.calc.: C,49.55; H, 3.23;: N, 9.63.

RESULTS AND DISCUSSION

Elemental analysis

The elemental analysis data of the two complexes are given in
Table (1). It is worthy to mention that the measured values of different
elements are in a good agreement with those calculated for proposed
formula. The obtained data reveal that the complexes have the [M: L]
ratios of 1:3. The complexes have the formula [M(L)3].H,O, where M =
Cr™ and L represent picolinate ligand.
Molar conductivity measurements

Conductivity measurements in non-aqueous solutions were carried
out to help investigating of the coordination formula of the complexes
under investigation. The measured conductivities of 10> M solutions in
acetonitrile: H,O solvents for the prepared complexes are given in Table
(1), which indicate the non-electrolytic nature of these complexes.lg’19
Table (1): Elemental analysis and some physical data of the Cr (II1)
complexes

Complex M.Wt C% H% N% M.C*
Calc. Calc. Calc.
(Found) (Found) (Found)
mer-[Cr(pic-0);].HO | 436.320 49.55 3.23 9.63 13.61
(49.44) (2.53) (9.58)
Jac-[Cr(pic );].H,O 436.320 49.55 3.23 9.63 14.73
(49.97) (3.60) (9.92)

M.Wt= Molecular weight
* Molar conductance Q' cm?mol’!

Infrared spectra of [Cr(pic);]H;O
The ir spectra (4000-200cm™) of the solid isomers are, as might be
expected, very similar. These solid do not differ in water content, and there

9



about the electronic spectrum have recently been resolved.!> Chromium
(II) picolinate is commonly used as dietary supplements to provide a
bioavailable form of chromium(III). It has been marketed to consumers for
use in weight loss, increasing muscle mass and lowering serum
cholesterol.'® In the last decades, there was a great interest for salting-in
behavior of some complexes such as cobalt picolinate with simple salt . '’
The main objective of this paper is salting-in of Cr(III) picolinate complex
with simple salt (KI) and investigate the geometrical structure to increase
the solubility of the complex and the possibility of its absorption in the
body if used as drugs. The resulting complexes are investigated by
different techniques such as elemental analysis, molar conductivity,
thermal analysis, kinetics measurements, infrared, electron paramagnetic
resonance and electronic spectra.

'EXPERIMENTAL

Chemical Materials

All chemicals used in this study were laboratory analytical grade.
They include CrCl3.6H,0, 2-picolinic acid, KI, purchased from Aldrich,
Sigma, and Merck company.
Preparation of mer - [Cr(pic-0);].H,O

The method using hexaquachromium (III) chloride is devised by
Evans and Pouchnick .'"®* A mixed solution of the picolinic acid (3.69¢.,
30mmol) in 10ml HCI (1M) with CrCl;.6H,0 (2.66g., 10mmol) in 25 mL
deionized water and slight excess of 3M potassium hydroxide was heated
to reflux until solid appeared. In cooling, fine reddish crystals of the a-
form were separated. The crystals were collected by filtration and dried in
vacuum over silica gel; yield 68.92% of the mer- [Cr(pic-O)3].H,O
complex. ,
found: C, 49.44; H, 2.5; N, 9.58. calc.: C, 49.55; H, 3.23; N, 9.63.

Preparation of fac - [Cr(pic-0);].H,0

100 mL of an aqueous solution of KI (0.83g ., 5.0mmol) as
chaotropic agent was added to Cr(pic-0);.H,0 (2.18g., 5.0mmol) the
resultant reddish color mixture was heated to boiling . The solid was
partially dissolved (salting-in). The dissolved part was filtrated and

8
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ABSTRACT

Salting-in of non-electrolyte picolinate complex of Cr (III) by
aqueous solutions of chaotropes (electrolyte such as potassium iodide).
The complex was dissolved in salt solution and allowed to recrystallize, a
product containing after salting-in a change in isomer. The geometrical
structure of this complex was investigated by different techniques; such as;
elemental analysis, molar conductivity, thermal analysis, kinetics
measurements, infrared, electron paramagnetic resonance and electronic
spectra.

Key words: Picolinate, Cr (III) complex and Salting-in.

INTRODUCTION

2-Pyridinecarboxylic acid (also called picolinic acid) is a non-protein
amino acid.! Tt is a well known terminal tryptophan metabolite; and its
crystal structure has been determined.> picolinic acid is probably derived
from quinolinic acid by d(—:carboxylation.5 Picolinic acid, is known to
potentiate macrophage antimycobacterial activity. ® Salting-in is defined as
the water-structure breakers or chaotropic ions, The solubility increases at
low ion concentration, later salts in the series increase the solubility of
nonpolar molecules and increase the order in water; in effect, they weaken
the hydrophobic effect.”® Chromium(III) picolinate;  Cr(pic)s:.H2O,
chromium is coordinated with_ picolinate ligand through nitrogen and
oxygen of pyridine and carboxyl respectively.” The pinkish red complex is
generally prepared by the reaction of simple chromium (III) salts (e.g.
chromic acetate,'® chromic nitrate,!’ chromic perchlorate',12 chromic
chloride," or chromic sulfate.”* Because of the low solubility of the
complex in water and other common solvents. Measuring the electronic
and 'H NMR spectra of Cr(Pic)s. H,O has been problematic, but questions
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