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Abstract

Mechanical Engineering Trade Skills Assessmentunsgént (METSAI) is aimed at determining the extentvhich
students have acquired practical skills before gm#idn that will enable them get employment fortzumble job
security in Yobe state. The study employed instmtatgon research design. The populations of thdystuere 23
mechanical engineering trade teachers and 98 mieahagngineering trade students. The study answéned
research questions and tested two hypotheses. BESKM comprising of practical skills items or opg&oas based
on NBTE curriculum and NABTEB syllabus were devedmand validated by four experts. Mechanical ereging
trade teachers from technical colleges in Yobesstare used for further content-validation of thE Al items
which was tried out on 98 mechanical engineeriagdrstudents. Data collected were analyzed usatigtatal mean,
Standard deviation, Split-half technique, t-test &NOVA. The result of the study showed that 13ibéasks and 72
practical skills items were found appropriate fog METSAI. The instrument was found to possesgh teliability
of 0.92. Based on this result, it was recommendadngst others that teachers and examination b§NiABTEB,
WAEC and NECO) should use METSAI for assessinggrerénce of students in mechanical engineering trade
Key words: Practical skills; Assessment instrument; Job sgcuri

Introduction

Technical and Vocational Education and Training ENTY programmes are offered for the purpose of
producing skilled manpower required for the natsor@conomic and technological development (Federal
Republic of Nigeria [FRN], 2009). In the Nigeriamlieational system, technical colleges’ curriculuas h
practical skills content up to 60% (National Bodod Technical Education [NBTE], 2003). After gradioa
students are expected to acquire these practidld sk enable them create or secure sustainatle gmd use
their knowledge, abilities, initiative and creatyfor self-reliance. This is in line with the 20Qnited Nation
Educational, Scientific and Cultural OrganizatiddNESCO) and International Labour Organization’sG)L
General Conference on TVET. They referred to TVEThwse aspects of the educational process ingpliin
addition togeneral education, the study of technologies afate sciences, and the acquisition of practical
skills, attitudes, understanding and knowledgetedlao occupations in various sectors of the econand
social life (UNESCO & ILO, 2002). Mechanical engémimg trades is one of the TVET programmes in texzin
colleges in which students are examined by thedNatiBusiness and Technical Examination Board (NEBY
based on the NBTE curriculum for the award of NadioTechnical Certificate (NTC). The TVET programme
mechanical engineering trade among others is aimddhining and imparting necessary skills leadinghe
production of craftsmen who will be self-reliantdaanterprising in job areas such as metal fittimgchining,
etc (NBTE, 2003).

The term ‘job securityin a concept that is synonymous with the broadnitesh of TVET can be
regardedas a means of preparing for occupational fieldseffattive participation in the world of work thiata
lifelong learning and preparation for responsibled aself-reliant citizenship with appropriate skil&nd
experience to differentiate themselves from jotkeeeand unemployment. Job security is a chanbeadming
unemployed due to limited opportunities and apgeterskills required for a job. It is the probatyilthat an
individual will keep his/hejob. A small chance of becominghemployedndicates a high level of job security
(Clark & Fabien, 2005). High employment rate is @od indicator of high level of job security. Thus,
employment is an important ingredient of human sggguprimarily through providing economic/income
security (Dekker, 2010). The main determinant fuly gecurity at individual level is employabilityathis the
individual's personal skills and experience. Jotusiy can be influence by acquiring appropriatdéiskhrough
education and experience which can make the retigmployable. For this reason, assessment ofipahct
skills should be conducted in the school simulatalvoratories to determine whether students hageicex
such employable practical skills before graduation.

The psychomotor aspect of mechanical engineeriadetrobjectives is meant to achieve adequate
development in skills which can make the recipiemiployable. NABTEB uses a marking scheme chectdist
assess students’ practical skills in NTC mechargeajineering trades examinations. The scheme dmesin
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detail highlight the various stages of specific rgpienal skills involved in the process of carryiogt the task
given. To buttress this point, Ombugus (2013) dsdethat the assessment instrument used by NABTiEB a
technical teachers only help to determine studeathievement of mechanical engineering trade dbgstn
cognitive and affective domains. This was obseimdding (2010) that there are negligible observaklgults in
achievement of psychomotor domain in technical egals. The practical skills assessments conducted by
NABTEB and teachers are mere product rating andskitls manipulation rating of students (Willian2009
and Okwelle & Okeke, 2012). This method has lindtat according to Ombugus and Ogbuanya (2014) taue
its inability to assess the process of carryingtasks and operations involved. The implicatiothid is that the
scores and grades assigned to students in prasticks by the teachers may not be true represeatafitheir
performance and though the students will be givenificates but without adequate practical skiligtt will
enable them create and/or secure sustainable jebceHit is necessary to develop a valid and raiabl
performance base assessment instrument that wiltatp the details of the operational skills best fo
employment. This study is delimited to metal fittiwvork of mechanical engineering trade.

Fitting means preparing mating parts to touch or gach other in such a way that one will turndesi
another or slide upon another or the parts wildhaghtly together so that they cannot move upacheather
(Okoro, 2008). Metal Fittings are tasks necessamake metal parts fit. It involves practical skidperations in
measurement, marking-out, clamping, cutting, sarappnd lapping, filing and finishing, drillingsyrigding,
assembling etc to repair, maintain or produce machh component. The practical skills acquired ietah
fitting enables technical colleges’ graduates ttuse and sustain a job in mechanical engineeramdgt(Adamu,
2015).

Validity and reliability are two properties of ass@ssment instrument that indicate the quality and
usefulness of that instrument. Validity refers he tdegree to which an instrument is measuring vithist
supposed to measure, while reliability is an intiaca of the consistency between two measures ofstme
instrument (Alias, 2005). Alias further stated that instrument may be highly reliable but may net b
necessarily valid, but a highly valid instrumentgially reliable. Validity of an instrument dedas$ the extent
to which the conclusions or interpretations derifemm the results of any assessment are well-gredinat
justifiable, that is relevant and meaningful (Ca®lBeckman, 2006). It refers to the accuracy withickhan
instrument measures the personality traits or taslit sets out to evaluate. In other words, vglidescribes
how well one can legitimately trust the resultsaofassessment as interpreted for a specific purftsefirst
step in developing a valid assessment instrumettt identify the objectives and corresponding cohte the
programme or search the literature for previousiplighed assessment instruments, which might beteda
(Cook & Beckman, 2006). A well developed assessniestrument must measure what it is supposed to
measure and produce dependable and repeatablmation with sufficient evidence for a confident@ssment
decision to be made.

This study developed and validated a Mechanicaliremging Trade Skill Assessment Instrument
(METSAI) for sustainable job security in Yobe Stafée study, specifically: identified the practicills tasks
and operations (based on NBTE and NABTEB) apprtgfiar inclusion into METSAI and ascertained if the
were differences between mechanical engineerirdgttaachers on their ratings of appropriate pralcskills
tasks and operations for inclusion in the METSAI.

Research Questions
The following research question was formulateduinig the study:
1. What are the practical skills tasks and operatappopriate for inclusion into METSAI?
2. What is the reliability coefficient of the develapmstrument METSAI?

Hypotheses
The following null hypotheses were tested at fieegent level of significance:
1. There is no significant differences between twaugsoof trained technical teachers (NCE and B.Tech),
regarding the appropriate practical skills tasks a@perations for inclusion in METSAI.
2. There are no significant differences among thrashrtieal colleges teachers (GSTCs in Geidam,
Damagum and Potiskum) regarding the appropriateatipas for inclusion in METSAI.

M ethodology

The study employed instrumentation research degigeording to Gay (1996) instrumentation design
is appropriate for use when introducing new proceglutechnologies or instrument for educationatiices.
The study was carried out in Yobe State. There weretarget populations in this study. These ineth@®3
mechanical engineering trade teachers and 98 Nid&sts of Mechanical Engineering Department inttinee
Government technical colleges (in Geidam, Damagunth Rotiskum) that offer mechanical engineeringdrad
programme in Yobe State.
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The 23 teachers were used in the study for thegserpf content-validation of the METSAI as well as
to serve as team of assessors of the studentgydhertry-out exercise. The 98 students were usetiy-out of
the validated METSAI for the purpose of ascertainits reliability. The entire populations were usedsample
for the study since it is relatively manageable.

The study used a multi-staged approach in the droeé development of the instrument based on the
suggestions of Cluzeau (2002); Samarakkoddy, FdmaRerera, McClure & Silva (2010) and Okwelle &
Okoye (2012). The stages include:

Identification of tasks and operations in metairfg

Development of task specifications table

Writing out items for the draft METSAI

Development of rating scale

Preliminary face and content validation of itemstaf draft METSAI by experts

Pilot test METSAI

Administer METSAI for content validation by teacher

Final METSAI assembly

Try-out final METSAI assembly.

Following a detailed review of NBTE curriculum anfdABTEB syllabus in NTC mechanical
engineering trade, metal fitting was identified @® major practical skills area for assessmentksTand
performance objectives relating to this major peattskills job area (metal fitting) were isolatédm the
curriculum. Based on the critical review of relewéiterature, these objectives were transformed thirteen
(13) basic task statements. A table of specificatiof two-way grids was developed: the horizonté &sts the
13 basic tasks statements and the vertical axsstlie seven levels of psychomotor domain of Simgd®872)
(i.e. perception, set, guided response, mechamismplex overt response, adaption and organizatidgh are
spread into behaviuors or skills to be observehdisated in table 1. This is to ensure that &l 13 basic tasks
areas and various levels of behavioral objectivesevadequately covered.

CeNorwNE

Table 1: Task Specification Table for Metal Fitting for NTC in Mechanical Engineering Trade
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SOURCE: NETE CURFICULUM (2003) AND NABTEBE SYLLABIS (2007).

The 13 basic task statements were further analyse@gnerate 75 operations or practical skills items
which were matched with appropriate tasks on thietaf specifications. The practical skills itemeres further
written by expressing the extent of appropriatengfsperforming each of the 75 practical skills ierar
operations by using the four point rating scalenfatr with response options (in the order of Can @baut help,
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Can do with little help, Cannot do without help &dnnot do with help) with assigned values of 42 and 1
respectively to form the initial copy of the METSAI

In order to ensure the validation of the initiapgaof the METSAI was subjected to preliminary cante
and face validation by four experts. The expertsewmade up of two lecturers from the Department of
Technology Education, Modibbo Adama University @chnology Yola, and two lecturers from the Departine
Vocational and Technology Education, Abubakar TafaBalewa University, Bauchi. The experts were
requested to read through and assessed the instruiore any area of ambiguity or improper wording,
disarrangement of the entire structure noticed iandnsistency. This is also to verify that METSAkptical
skill items and metal fitting job are substantialymilar in terms of ability requirements. Followirthe
comments of the experts, all the 13 basic tasks 7@hgractical skill items were considered apprdpritor
inclusion into METSAI. Their observations, corrects and suggestions were used in improving theity el
the instrument.

A pilot study of the draft METSAI was carried out €0 NTC Il students of mechanical engineering
trade, GSTC Gombe which was not part of the stuga.aThe pilot study was carried out after valioiati
exercise for the purpose of estimating the inidibility of the METSAI. The internal consistenof METSAI
was determined using technique fashioned along gidazs (2011) Split-half and Spearman-Brown which
estimated the whole initial reliability of 0.93. iShvalue exceeded Nunnally’s criterion of 0.70 gted for
statistical consideration (Nunnally, 1978). The ichoof Split-half technique in determining the abllity
coefficient of METSAI was informed by the fact thit excludes some sources of error arising from
psychological disposition, fatigue, health etc (agolu, 2011).

Based on the results of the pilot study, the deafties of the preliminary validated METSAI was
revised in wordings to produce the questionnairpeeted Tasks and Operations in Metal Fitting (ET QK&iF
further content validation by the practicing medhahengineering trade teachers. In order to deterrthe
basic tasks and practical skills items or operatiappropriate for inclusion in the final METSAI, EMF was
administered to the 23 teachers in mechanical eegimg department of the 3 technical collegestinatNBTE
and NABTEB programme in Yobe State. The instrunfEROMF was arranged in two parts: | and Il. Part |
sought personal data such as location of the s@mbkducational qualification while part Il hadta3ks which
comprise 72 items dealing with practical skillsmetal fitting. A five point scale of Highly Expectg HE),
Expected (E), Moderately Expected (ME), Not-Expdc{®lE), Highly Not-Expected (HNE), were written
against each of the practical skill statements vetltorresponding assigned values of 5, 4, 3, 2, &nd
respectively. Mechanical engineering trade teachere requested to indicate the level at which etsh or
practical skills operation is expected to be pented by NTC mechanical engineering trade students.

All the 23 copies of the ETOMF administered andime¢d were found to be valid and therefore used in
the study. None of the 13 basic tasks and 72 dpematvas dropped as they were rated above “Modgrate
Expected”. The result of this exercise was usedsgembly the final form of METSAI with the initiahting
options of Can do without help, Can do with littielp, Cannot do without help and Cannot do witlphelith
assigned values of 4, 3, 2 and 1 respectively. Tihéd version of METSAI was tried out on 98 mecltah
engineering trade students from the three techom#dges in Yobe State. The internal consisteetgbility of
the instrument was ascertained using the Split-halfi Spearman-Brown technique to obtain the overall
reliability coefficient of 0.92.

Data for answering the research questions wereyzetlusing mean, standard deviation, t-test and
analysis of variance (ANOVA). In order to seleat @ppropriate tasks and practical skills itemsrolusion in
the METSAI, a mean cut-off of 3.00, which is modeha expected was chosen. Therefore, any pracsidil
with a mean score of 3.00 and above was appropriditide a practical skill with a mean score belo®®Bwas
inappropriate. For testing null hypotheses, if glted t-value/f-value was greater than or equatdntical/f-
critical value at five percent level of significanahen reject null hypothesis but if otherwiseceqat the null
hypothesis. All statistical analysis was performéth Statistical Package for Social Sciences (SP&S8)stical
soft ware.

Results
Research Question 1
What are the metal fitting practical skills taskslaperations appropriate for inclusion into MET3AI
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Table 2: Teachers’ Mean Ratings of metal Fitting Tasks @meérations expected of Mechanical Engineering
Craft Practice Students at Technical Colleges

Tasks and Operations X SD Remark
Task 1: M easurement

1. Measuring a surface with a rule 4.26 0.689 etqubc
2. Measuring a surface with inside/outside calipers 573 0.728 expected

3. Measuring with a micrometer 3.83 0.491 expected

4. Measuring a depth with a micrometer depth gauge 0 3.30.573 expected

5. Measuring with a vernier caliper 3.65 0.573 eated

6. Measuring angles with a protractor 3.83 0.576 eetqgd

7. Measuring with gauges 3.35 0.647 expected

Task 2: Marking Out

8. Marking out parallel lines using a combination set  3.26 0.619 expected

9. Marking out lines at right angles to an angle 3.040.475 expected
10. Marking out angles using an adjustable square 3.69.703 expected
11. Marking out angles using a protractor 3.96 0.70éxpected

12. Locating center of a stock using an odd-leg caliper 4.26 0.541 expected
Task 3: Clamping

13. Clamping a stock with a hand vice 3.22 0.518 etquk

14. Clamping a stock with a bench vice 4.39 0.499 eetqgd

15. Clamping a stock with a leg vice 3.22 0.518 expe
16. Clamping an irregular stock with a vee-block 4.090.596 expected

Task 4: Cutting

17. Cutting-off a stock with a hacksaw 4.26 0.541 ewtpd

18. Cutting-off a stock with a power saw 3.70 0.470xpexted

19. Cutting-off a stock with a snip/hand shear 4.26 680. expected

Table 2: Teachers’ Mean Ratings of Metal Fitting Tasks @pkrations expected of Mechanical Engineering
Craft Practice Students at Technical Colleges

Tasks and Operations X SD Remark
20. Cutting-off a stock with a bench shear 3.83 0.656xpected

21. Cutting-off a stock with a power shear 3.61 0.588xpected

22. Cutting-off a stock with a cold-chisel 4.74 0.44%xpected

Task 5: Filing and Finishing

23. Filing-off a stock with a flat file 4.09 0.288 xpmected
24. Filing-off a stock with a curved file 4.04 0.209expected

25. Filing-off a stock using a coarse file 3.96 0.36&xpected

26. Finishing-up a stock with a fine-grade file 3.96 .3@&7 expected

27. Using a cold-chisel on metals 3.43 0.788 expkcte
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Task 6: Metal Scraping and L apping

28. Scrapping-off a stock with a flat scrapper 4.09 516. expected

29. Scrapping-off a stock with a half-round scrapper .263 0.619 expected

30. Scrapping-off a stock with a three-square scrapper 3.26 0.619 expected

31. Lapping a stock using a honing machine 3.30 0.5%Xpected

32. Lapping a stock with a lapping machine 3.30 0.558xpected

Task 7: Drilling Operations

33. Drilling a stock with a hand drilling machine 3.26 0.619 expected

34. Drilling a stock with a sensitive/bench drilling ofane  4.30 0.559 expected

35. Drilling a stock with a pillar drilling machine @4 0.562 expected

36. Boring a hole with a boring tool 4.22 0.671 eotpd

37. Counter-boring operation 4.13 0.626 expected

38. Counter-sinking operation 4.00 0.674 expected

39. Reaming a hole with a hand reamer 3.09 0.515 atege

40. Reaming a hole with a reaming tool 4.17 0.491 eeigd

Task 8: Metal Heat Treatment

41. Annealing 3.43 0.662 expected

42. Hardening 3.61 0.499 expected

43. Normalizing 3.48 0.593 expected

44, Tempering 3.39 0.722 expected

Task 9: Soft and Hard Soldering

45. Soldering a stock using a blow lamp 3.43 0.507 peeted

Table 2: Teachers’ Mean Ratings of Metal Fitting Tasks @ykrations expected of Mechanical Engineering

Craft Practice Students at Technical Colleges

Tasks and Operations X SD Remark
46. Soldering a stock using an electric soldering bit 3.70 0.470 expected

47. Brazing a stock using oxy-acetylene gas 439 3.5&xpected

Task 10: Metal Grinding

48. Grinding a stock with a hand grinder 3.04 0.208xpested

49. Grinding a stock with a pedestal grinder 3.74 40.5 expected

50. Grinding a stock with a bench grinder 4.09 0.51Bxpected

51. Grinding a stock with a universal cylindrical grard 3.65 0.573 expected

52. Grinding a stock on off-hand grinder 3.09 0.289xpexted

Task 11: Testing Metal Properties

53. Testing a stock for hardness 3.83 0.491 expected
54. Testing a stock for toughness 4.26 0.689 expgecte

55. Testing a stock for ductility 4.22 0.600 expecte

56. Testing a stock for malleability 4.22 0.599 eotpd

57. Testing a stock for shear strength 3.65 0.647 peeted
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Task 12: Alignment of Components

58. Checking alignment of lathe centers 4.52 0.511 peeted

59. Aligning a stock with a steel test bar 3.87 0.344xpected

60. Aligning a stock with a dial-indicator 4.74 0.449%expected

61. Aligning shaft 3.48 0.593 expected
62. Aligning pulley 3.35 0.647 expected
63. Aligning couplings 3.39 0.583 expected

64. Aligning belts 3.39 0.583 expected
65. Aligning chains 3.35 0.573 expected
66. Aligning sprocket 3.35 0.573 expected
67. Aligning horizontal, vertical, or angular planes .38 0.583 expected

Task 13: Assembling Simple M echanical Devices

68. Reading machine blue-print 3.57 0.591 expected

69. Reading working drawing 3.70 0.703 expected
70. Identification of mechanical components 4.30 0.55expected
71. Mantling/assembling components 4.30 0.559 expecte

72. Testing for efficiency of the assembled machine 523. 0.593 expected

Table 2 indicates that the mean (X) ratings ofitbms ranged from 3.04 to 4.74. All the operations
each of the 13 tasks had their mean scores abeveuthoff point of 3.00, which qualifies all the @perations
or practical skills items appropriate for inclusionthe METSAI. The standard deviation (SD) of fkems
ranged from 0.208 to 0.788. This implies that medatal craft practice teachers were very close dirtratings.
Research Question 2

What is the reliability coefficient of the develapmstrument METSAI?

Table 3: Distribution of Reliability Coefficient of the META

Task  No. of items Mean Item Discrimination index liRaility Coefficient
1 7 0.57 0.98
2 5 0.87 0.94
3 4 0.75 0.93
4 6 0.67 0.97
5 5 0.89 0.85
6 5 0.89 0.94
7 8 0.75 0.89
8 4 0.78 0.94
9 3 0.67 0.95
10 5 0.50 0.94
11 5 1.00 0.85
12 10 0.80 0.91
13 5 0.85 0.89
Grand mean item discrimination index 0.77
Full length reliability coefficient 0.92
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Table 3 shows that the 13 tasks in the METSAI haliability coefficient from 0.85 to 0.98. The full
length reliability coefficient of METSAI is 0.92.1E table also indicated that METSAI has distributezlscores
of the students fairly with the discrimination inds ranging from 0.50 to 1.00.

Hypothesis 1

There is no significant differences between twaugsoof trained technical teachers (NCE and B.Tech)
regarding the appropriate operations for inclusio@FSAI.
Table 4: t-test analysis of mean response of NCE technieathers and B.Tech teachers regarding the
appropriate operations for inclusion in METSAI

Group of teachersX SD df Std Error t-cal. t-tablRemark
NCE 3.717 0.294
21 0.139 -0.856 1.721  Accepted
B.Tech 3.836 0.168
Nnce=18, N5 Tec=5, P>0.05 (P=0.402).

Table 4 showed that at 21 degree of freedom (H8,ttcalculated value of -0.856 is lower than t-
tabulated value of 1.721, indicating that theraassignificant difference between NCE technicatlesas and
B.Tech teachers on appropriate operations for &atuin METSAI. The first null hypothesis was acth
Hypothesis 2

There are no significant differences among thredhrieal colleges’ teachers (GSTCs in Geidam,
Damagum and Potiskum) regarding the appropriateatipas for inclusion in METSAI.

Table 5: ANOVA of three technical colleges teachers’ regemregarding appropriate operations for inclusion
in METSAI

Source of variation Sum of square  df Mean square cal f- f-table Remark
Between groups 0.003 2 0.002
0.019 43. Accepted
Within groups 1.637 20 0.082
Total 1.640 22
Ngeidan4, Noamagurim12,  Nbotiskun™7, P>0.05 (P=0.981).

Table 5 showed that there are no significant diffiees in the mean responses across the threedaichni
colleges’ teachers regarding the appropriatenesp@fations for inclusion in METSAI. This is eviddrom the
table since the f-calculated value of 0.019 is léwm the f-tabulated value of 3.49 at five perdentl of
significance. The second null hypothesis was atseted.

Discussion

The main contribution of this study is the succelsdévelopment of a valid and reliable instrument t
assess students’ employable metal fitting pracs&dls for sustainable job security. The findingfsthe study
related to research question 1 indicated that &i&tand 72 practical skill items or operations @nésd in table
2 were considered suitable for inclusion in thetrimeent METSAI. This signifies that the teachers of
mechanical engineering trade in technical collegessidered the 13 tasks and 72 practical skill stezn
operations as appropriate for use in assessingmstsidperformance in practical areas of metalnfifti This
finding is consistent with lji (2007) and OkwelladaOkoye (2012) regarding the fact that all thengeof the
assessment instruments they developed were coedithgrthe respondents as appropriate for use #ssisg
students’ performance.

The non-significance differences between the twaupgs of mechanical engineering trade teachers that
participated in the instrument validation are fertlevidence of the instrument’s validity. The as@yof data
relating to the null hypothesis 1 revealed thatghsere no significant differences between the graups of
practicing teachers (NCE and B.Sc./B.Tech.) regardihe practical skills items or operations forlirson in
METSAI This entails that qualification was notigrsficant factor in deciding which practical skittm should
be selected for the METSAI instrument. This resulggests similar ratings in appropriateness oftjpacskills
by all the teachers of different educational qiedtions in the findings of Okwelle and Okeke (2D12

The analysis of data relating to the null hypothésievealed that there were no significant difiees
among the three technical colleges’ teachers (GSiiC&eidam, Damagum and Potiskum) regarding the
appropriate operations for inclusion in METSAI. §hentails that differences in operational locatainthe
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schools was not a significant factor in decidingiclihpractical skills operations should be seledmdthe
METSAI.
Conclusion

To produce a skilled manpower that can secure asigis their jobs, it requires a reform of assesgme
processes in our educational system. METSAI pralidedetailed valid and reliable assessment instntsne
which will take account of the process of practiaativities leading to the completion of the finahctical
products.

Recommendations
1. Mechanical engineering trade teachers in techrdofiéges and similar skills acquisition institutgon
should be made to be aware and use METSAI for sisgestudents’ practical skills on the programme.
2. NABTEB and similar examination bodies could considsing METSAI in assessing students’
practical skills at NTC level.
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