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ABSTRACT

This paper addressas a very crictlal Issue relating human fector to the quality Inspection
workstation design. In lot of Istance these worstations lack the consideration of human capabilities
and |imitations in their design, which could be Included to enhance both the productivity and safety
of the workplace and more Importantly of the inspector, the paper prasents a methodology which is
easy to use and can be effectively appliad to provoied an analyat with a measure to compare the
exsisting quality inapection station design utllity with the utllity of many number of alternate options
having varylng applications of human factors In their design. Also these new systems could be
compared between each other. The major human factor features identifled and Included In the
analysis ara namly, lhe tima available for Inspection, lighting for tesk, inspector's vision and
inspector's posture. The major gosls |dentified are, Improved inspector's detectability, better
inspection consequence, improved product repulation and better inspection procedure and steps.
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These goals are considered under producllvity category, whereas, three other goale are identlfied
undar health and satety category, these include the reduction of compensation costs, reductlon of
governmental fines and penaities and minimizstion of lost time due to injurles and accldents
bacause of poor human factor consideeations In the design of the etetion. In general this paper
presents a very practical, hands on and easy methodology for human factor justification in

redesigns of the existing gquality inspection workstations.

INTHODUCTION

Qulity inspectlon taeks requires extensive decision making from the inaspectlons, even
thought the decislona are generally simple but they have to make a number of declslons. Aa the
inspector looks at every part, he or she has to decide if the required specifications are mat and
should the part be accepted or rajected. There ls a good chance thst the Inepector may forgat to
look for a partlcular spacification, especially, If the choices are many. This would result in the
acceptance of defective itema {Type | Errar) or rejaction of non defectiva ltema (Type Il Error). It
both of thesa errors are raduced Lhen the Inspection performance will improve, which will result in

Increased productivity, customer satistactlon cost savings and better health and safety of Inspector.

Human Fsctors Engineering alms to look at workplaces from a human angle and tries to
improve the work environment for the human which In turn resuita in the increasead productivity,
salety and heaith of tha worker. Some of the major human factor varlables that can influence the
performance of the quallty inspector are also dilicult to quantify due to their Intangible nature,
these variables are brlefly dascribed In the following gection. A methodology la needed to quantify

these varlables to compare the total human factor utility of two or more systema.

(i}. TIme Available for inspection

Inspaction |obs are normaily either paced or unpaced. In a paced lina, the inspactor hss o
detect several types of defects in a certain perlod of time resulting in both type | & It errors
especially if the line Is not designad properly orfand the defecls are too msny orfand the workplace
is not designed properly. A human system can only at a certain speed which depends on
indlviduals maximum physical and mental capacity. Unpaced tasks may be non productive or may
cause unhaalthy postures etc., therefore, a well designed workplace incarporating both the human

abilitles and limitstions can improve the inspector's performance sevarai folds.
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{N. Ughting

Improper lighting can make obhjecta appear different, the light should preserve Lhe color of
oblects especially for inspection type tasks. The optimum amount of light falling on the work area ar
the workpiece is important in delect detectability, thls llght depends on light locatlon, Intensity,
surface texture etc., also due to more energy cost consciousness the tendency to limit the
illumination in factories can have serloue effects on the inspectlon guality. Some of the relevant
standards in lighting include the Britlsh code CIBS {1984} and American Code IES (1979).

(Tii}. Ingpector’s Vision

The Inspector’s vislon Is probably the most Important factor in his/her ability te detect a defect,
the visual acuity varies betwaen Individuals and can be measured to categarize the Inspector’'s abllity
to detect a defact.

{iv). Posture

A workplace that forces a persen to take a poor posture because of Improper table or chair
heights, adjustments etc. can eflect the performance, hacause tha lang term effects of these pastures
can cause statle muscle loading which results in excessive fatigue and hence Increased errors and
slower reactlon times.

In order to avaluate the benefits in terms of ecnomics of Implamenting the human factor
variables in the design of inspection workplaces, this paper addresses the above intangibles and
Include them in an economlc analysis of including human factor variables in improving the existlong
work places or designing/procuring new |nspectlon workplace. The methodology presented is
general, sc it has variety of applicationa, for e.g., the financial analyst In coilaboration with hunman
factor, safety or engineering personngl ¢an rate differant human factor variables on a subjectlve scale.
Several researchers {Drury 74, Nelson and Barany 69, Wallack & Adams 69, Bloomtield 75) have
addressed the [ssus of human factor ralevance to quaiity ingpectlon tasks. Ballon and Pazer {1982}
have addressed the costs associated with Type | Error in the inspection tesks, however, this paper
aims at tackling this old problem with a fresh approach and helps to aid the analyst to Justify the
changes in a more meaningful way.

Proposed Mathodology:

In order to deal with the human factor intanglbles In a quality Inspection task. A methodology ia
pragented that could be used to avaluate the inspectlon workstations from human factors utilify
standpoint. The subjectlve scale for each critical factor Is dacribed In the fallowing sectlon. It should
be noted that the scaie of | to 100 is at par with the percentage of 1 lo 100.

1. TIME AVAILABLE FOR INSPECTION

Work performance duratlon at manual operated worstations is not actually the average
performance tims. Tha parformance time per each werking cyela will vary becausa:
(a) The working pace of each individual jnspector varles throughout the waorking period or
wotrking day, and
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{b) no two individual inspectors work at the same pace throught the working period.

Task durations In manual operated workstations are actually random veriable which can be
approximated by normal distribuatlen {Dudley 1963). Based on the previoue facts end using a rating
system for the operator comfort form 1% (worst condition or lowest comfort) to 100% (beat
conditlon or highest comfort). It shauld be noted here that the zero precent for worst case was
avoided malnly duse to the {act that utility function may becoms zerc and also a perfectly worat
workplace |s very uncommon. Knowing the paramsters of the task duration distribution such as the
population mean { p ) and its standard devision { o }, tha shortest time, l.e. "1" on the scals of
1 to 100, corresponds to the most uncomfortable situstion for the operator or ingpetor to perform
the assigned task, where the ahortast duration is the available time for the Inspector to complete tha
assigned task i.e. 100 on the scale of 1 to 100. {fig. 1)

bo— 3& kY1 —

Frequency of finishing the assigned task

[

S.D.T M.D.T. L.T.D. Performance time
available

Fig.1: Normai distribution for inspection task performance.
5.D.T = Short duration time (> p—3c— 1%)
L.D.T = Longest duration time  {= u 4+ 3o — 100%}
M.D.T = Maan duration time (= u =50%}.
Uslng normal distributlon tables, the percentage of comfort which corresponds to any durallon
time available for the operator can be determined as follows:
X o—p

Z= o

whara,

7 = Standardlzed normai value
X, = Time availabla for inepactor

Ji=Tha population mean {statlon moan performanca tima),

o = The population standard deviatlon.

Tha percentage of comfort (area under the normal distribuation curve) corresponds to the Z-value

can be generatad.
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2. LIGHTING

On a scale of 1 to 100, whare 100 is the best and 1 the worst, each division In tha scale rapresents a
ona percaent deviation in any direction from the standard lor lighting for a particular workslation

satup. For e.g. 5% deviation would represent a subjective scale number of S5.

3. INSPECTOR’S VISION

Tha inspector with a perfect vislon woud represent the best {100} and the one with the worst vision
reprasent the worst {1). The visual acuity or ability to see can be obtained on a standard optometric

testing device or from inspector's medleal records.

4, Posture

A posture can be reted from the worst (1) to Lhe best {100} deperding on the extended reaches of
body parts, excessive static or dynamic museie work, improper or proper table and chair designs
aect. The posture during Ingpection tasks can be reted besed on the established human factor and

biomechanics principlea.

A methodology to Incorporate intangible or qualitative factors is appliad to the human factor in
inspaction stetion design problam. Utliity over cost ratio could be used to deal with this problem.
This Idea came Irom benefit over cost ralio concept, but since the benefits are not 30 eeslly
determined, therefore utility theory is used in this regard.

A model Is presented in thls paper, the basic parts of this utility model are described as follows:
Methodology Layout, Notatlon and Equations

Featurea F; {aa described above)

I . Time available for inspection {Rating =F).

Il . Lighting (Rating = /).

. Inspactor’'s Vision (Rating = F3).
IV, Posture ( Rating = 7,)
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Goals G; {as described above)

1. Productivity: (Rating= &, ).
A Improved Inspector’s detectabilly (Rating= Gunt ).
B. Better Inspectlon consequenceas: Product sorting and rectiflcation)
{Rating = G2 ).
c. Improve product / Industry reputatlon. (Rating= Gz L.
D. Better Inspection procedure and staps. {Retlng= Gy ).

2. Health and Safety: (Rating= G&; )

I . Minimize worker compensation {(Rating= Gq )

Il. Minimize Governmental fines or penaltles {(Rating= Gx2 )

ili. Reduce lost time due to unsafe or unhealthy events leading to accidents or

injuries (Rating = G'23)

The layout template for the methodelogy Is described in the following section. Also the Produetivy
& Safety categorles are rated on a scaie of 1 to 100% so that the sum of all categories with
productlvity and safaty should be exactly 100%, where 100% represents the best and 1% the worst.

The notatlon for tables 1 and 2 are described as follows:
Notation and Equations

F:  FealureiRating (i = 1,2,3,....N)

G; Goal[Ratlng (j=1,2,....)

k  Goal catagory (k=1,2,3,.../(;)

ij, Category k of goal (G; {No. of categorles  /(, can be different from goal G, ).
I{; MNumber of categories of goal G

Ur,  Utility of feature i for ail stated goals

OTHER:

Ur, Time availabie utility
Ur, Lighting utility
Ur, Inspactor's vision ulllity
Ur, Posture utllity
G, Productlvity Goal
Gl Productlvity goal categeriea rating (k:—.l,..‘fﬁ) where I{, isthe category number
(; Haalth and Safety Goal
(¢ Health and satety categgories reting(k= L‘_..Kz)where J(,is the category number
THFU Total human factor utility
THFC Total human tactor cost

;ﬁfg Total human factor utility over cost ratio.




M. 67

Mansoura Engineering Journal (MEJ) Yol. 17, No. 3, Sept. 1992

1= 1= 1= 1=
'y R A J o+ 12, A Z
31 ¥ 31 3
=1 I=f (=1 L, I=L =4 =1 =1
Mg g 1 T D R 1Y {10y A T e IR
1r N N 4 1 1
r=y [=1 T= 1=1 2
e Xy 3 Wy g PNy 32y
1 1 1 ¥
1= =1 =3
(g (3 4 wweeees o Mg 31y %y 31 g
3 i v_
¢ 1= 1= Ixt =%, I=! _ j oy 1.
Wy @ 345 M0y T " 1= L5 i, = R
e N YN z [
K X W
¢ =1 Isf 11 r 1=% z . 1= 1
To 1 1 Ky 0 Hy| Paegh, eogn zegn, g, 0 3 N |Pazgn, szgh, gaN 1zgn | g PR A, ElgR, BTN, LN
1o 3 3 N
¢ T=v 10 1= Con | =1, |z 1
UINCR L Wpf, E0E, o, WL, ... xmum KZgE, Tlf WL, ThgE, 2L, (Lgf, | £y
o 1 1
=1 1=f 1= P t
r
2 g g2, Wz, ... (2.2, 1252, Mgz, g2, gz, gz |2,
¥
T=% 1=l T=1 2 - 1
.
My 7T 2001, Tl L g p U | Pty 2y 251, 17,1, XL ELgT, 2yl Ur |
10 2
Te% =3 = z
r 1
Wy 3 3ty | My I (R v_mum ' N, £29 Ty I gly 2y g |1,
1 C 1
_ %y Ly
¢ fButied}
{r----‘g'2*1=l} “°s S$IVOD

1 =2lqel




Table 2

M. 68 A. A, A, Abdel-Shafl & S. A, A, Nagvi

Y
£
o 4 -t £ Sl J
L] (DN o -
g (L.} e
] — — — E
2 o Mk MWy ey ™ =g
— e E S kY —
o [N
1] — — o g =t
—_ [ u [T [’ [/ a K
—
Ll
=} ™ ™ ™ ™
] o & & o
(L.} g g 4.}
> ™
= ™~ — Y] ™ =+
] 1.} ' [’ L L
Lo
-
[
I o o I
L] od od ©&d od — —
= 4] o] L] 4] o t
] o od
o — Y] ™ =r 4] 4]
= o . [’ [ L
] —
—_— ™ Koy o By
o
it} - — — —
o & o o o + +
4] [3.] 4] 4.}
— v F]
(2] — [2¥} o =t — =4
L] L L L [T (4] L ]
4 — —
— < Moy = Mg
] v vy s S 4.} L4
— — — — —
1] L) 1. L] 4] = B o~ =+
£ [T [
— — — — —t —
x'_L"u o H oy e Wy g By = Mg u ] 1
— - v St v v
o o -t
— — o ™ = = Moy w Li.
L [ . [T [ (1 - = =
) .
b
Lo}
e - =t Lo =t
-— r—i — — —
— 4.} 3.} 4] 3.}
5 =+
T — -t od ™ =t
4.} [T [’ [ e —
— v
] o
=]} (4=}
L.} ™ ™ ™ ™
— — — — —l
> ™ 4] 4] (L] L] ™ oy
F=] —t k3
— [} — ot ™ =t
= L L o [T +
-
ful ="
o -—
= ol o o~ o =)
=] — — — —
o od 4o} 4. ] 4] 4]
[ — — (3%} ™ =t =r 3 g
o % [T [T [ ' — —
3 b o
o
[da] (4} —
— — p— — (V'Y
i — — — — — —
— 4] 4] 4] L. ] ™ R ™ o !
(L} EY] Y3 = g
— ot ™ =+
[T [T [T . + + )
1
w Oy v 2
3 —f r—
- | N w 4o} -
[ SR} = Lo
o n | =
e | 42
@ ] = K o 3
] o 1
] — o ™ -t —— — &N
L} w1 [T [ (I [ — ™ -
@ [ [
—_ — u
] = 1l #
= o - LDL
m —
° 13 W W -
[T = = Lt




Mansours Engineering Journal (MEJ} Vol. 17, No. 3, Sepl. 1992 M. 69

Table 1: describes the general matrix arrangement of various features and goals as a general case,
it also presents general equations for calculating the utility of a particular feature { Uy, } and also
the total human factor utility (THFU), Table 2: gives a more specific dacripition based on the four
featuras presentad in this papar and limits itseff ta productivity and safety goals, however, the
subcategories of goals loft as ganaral.

Utllity squation for each featura Is prasented along with an equation of total human factor utility.

Discussion and Conclusions:

The enhancement of productlvity, health and safety of a guality inspection workplace critically
depeands on the considaration of human varlable In various aspects . The main lssua with the
management of most industries is the cost ustification with respect to the utility of the new
changos.

The methodology prasented in this paper can assist the management to make more objectiva
decisions whith quick and easy Interpretatlon of the analysis results, however, it is very important
that the ratings be obtained carefully with the Involvement of concerned indlviduals, professionals
and departments to mininize the blas or subjectlve error in the final results. It Is also Important that
the cost component be obtained after close consultatlon with the costing departments. In the
presence of reasonable data and ratings, the output of the methodology helps in aiding the decislon

marker to make a decislon about a given manual in spection workstatlon with better authority.
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