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Abstract
The purpose of training is to facilitate learning skills and knowledge required.
Success or failure of any education and training will depend to a very large extent on the
accuracy and effectiveness of the needs analysis. The outcome of training is acceptable
performance on these tasks. In this research an algorithm is established in order to build a
computer aided training needs analysis system based on 360 °-feedbacks approach for
performance appraisals. This system is called CA- 360° TNAPIM. Mathematical modedl
is designed in this work in order to analyze training needs which is used to calculate the
performance gap of each trainee and of each management leve in the organizational
hierarchy, The performance gap at each performance objective of each employee, al
performance objectives of each employee, each performance objective of all employees
and Performance gap of factory or an organization The system has been tested in (State
Company for Electrical Industries), in (Motors of Air-Cooler Factory), and showed
Performance gap of factory before  training was 26.77%, Performance level was
73.23%, after training was 19.87%, 80.13% and Performance improvement levd was
25.70% .

Keywords: training needs analysis, performance appraisal techniques, performance gap,
360 — degree feedback approach, hierarchy management levels
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1-Introduction

Globalization and rapid
technological development have
changed the conditions for companies
and increased competition in the world
market [1]. Education and training
enables to face the challenges of
technological change and commercial
integration. Through its capacity to
provide skills and enable effective
participation in the workforce [2].
Training is the approach of preference
for preparing people to perform specific
tasks or jobs. Training and deveopment
is planned, continuous effort by
management to improve employee
competency leves and the organization
work environment. Through training,
skills level will be changed to that of
qualified operator [3]. The organization
attempts to provide experiences, which
will help the individual, perform more
effectivdy on the job. A training
program is meant to structure these
experiences in such away that the
appropriate  skills are required and
developed [7].
The quality of company’s human
resources is the key driver for sustained
top levd performance. Manycompanies
and other organizations around the world
have been giving Training and
devdopment is planned, continuous
effort by management to improve
employee competency levels and the
organization work environment.
Through training, skills levd will be
changed to that of qualified operator
[3]Wdl-trained employees do better, and
perform better, than untrained ones, in
any organization [8,9] The organization
attempts to provide experiences, which
will help the individual, perform more
effectivdy on the job. A training
program is meant to prominence to its
employees being the most vauable
asse [10].

2-Per for manceAppraisal
Techniques
A number of different performance
structure these experiences in such away
that the appropriate skills are reguired
and developed [4].
Training is the process of changing
employee behavior and attitudes through
some type of guided experience [5]. It
refers to providing instruction to develop
skills that can be used immediately on
the job. It has narrow focus and should
provide skills that will benefit the
organization [6].
Rapid technological change, continuous
product improvement and relentless
competitions, require companies
continuously to upgrade the competence
levels of their human resources [4] The
quality of human resources is the key
driver for sustained top-leve
peformance, it has important to
continually invest in human resources
devdopment in order to guarantee
success in the global market place[1]
Appraisal techniques are available as
shown in figure (1). Some techniques
focus more on employee behavior
others are more results oriented and
emphasize the results of employee
behavior (to which an employee reaches
goal or objectives). Some of the
methods are based on relative rankings,
whereas others rely more on an absolute
ratings.
2-1 360 — degree feedback approach
360°feedback  or  multi-source
feedback or multi-rater assessment, is a
powerful developmental method and
quite different to the traditiona
manager  —subordinates  [11]. It
combines sdf  appraisals, pee
appraisals, management appraisals, and
often external third —party appraisals
[12,5,13]. Who form a circle around the
employee [12,14] as shown in
figure (2). The growing interest in 360
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Degree Feedback approach appears to
result from a belief that it has the ability
to meet the needs of structural,
organizational and business change.

3- The algorithm of Training Needs

Analysis (TNA)

To ensure that training process is
organized efficiently to close the
performance gap, training Needs
Analysis (TNA) should consist the
following sub- modules, which show the
algorithm steps of the entire function of
the system, as shown in figure (3).
4-Training Needs Analysis Module

The function of (TNA) module,
based on an analysis of the levd of the
performance of current state, will be
compared with the required or target
level of performance to determine the
performance gap, as shown in figure (4).
1-Establish feedback criteria
(performance objectives): The first step in
designing a multiple source assessment to
sdect performance objectives; table (1)
represents these objectives.
2-Usually each of objectives is not of
equal importance, thus it is appropriate to
assign a weghting factor to each
objective, asfollow[15] :

a- An objective tree can be used to give a
reliable assignment of weighting factors
to each criterion

b- The highest leve, overall objective is
given value (1.0).
c- At each lower level the abjectives are
given weights relative to each other.

d- Use pair comparison technique, each
objective is listed and compared to every
other objective.

5- Calculation of Performance L evel

Calculations of the performance
levels of employees before training and
after training are based on the
mathematical mode [16 ], which is
illustrated in figure (5), and the algorithm
steps as follow:

Step -1 One employee - onerater (Top-

Down) evaluation appr oach:
This approach includes calculate the
following:

1- The peformance gap a each
performance objective of each employee
(PIG)

2- The performance gap of all objectives
of each employee (PTG )

3- The peformance gap a each
performance objective of all employees

Me)
4-Performance gap of factory or an

organization ( i G)

Step -2 One- employee- Multi-raters
based on 360° feedback approach:

This approach is used If the trainee is
evaluated by m any sources (nR), it is
including to calculate the following:

1- The peformance gap at each
performance objective of each employee

(Pi mG ).
2- Calculate the performance gap of all

objectives of each employee ( Par G)
3- The peformance gap a each
performance objective of all employees

(Pmi~G )

-Calculation the level of improvement:
Compare the levels and the performance
gaps before training and after training:
PGE = PGB — PGA (1)
LI = (PGB -PGA /PGB )* 100 ....(2)
where:

PGE: Performance gap enclosed

PGA : performance gap after training

PGB : performance gap before

raining

L.l : Level of Improvement

6- Practical Application

The practical application of CA-360°
TNA system has been applied in an
industrial organization, the (Motors of
Air-Cooler  factory), of (the state
company of dectrical Industries). The
company was qualified the employees of
this factory through providing training
program concerned with 1 SO 9000.
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The trainees were divided into four
groups; each group had taken the same
training program objects. The period of
the training program was four weeks for
each group. The sample that was taken
for this research 31 trainees of different
levels according to the hierarchy levels of
the factory as shown in figure (6):
CA-360° TNA system according to the
360° feedback approach, each trainee is
rated by three raters, (the supervisor,
himsdf and peer). They rated the trainees
asfollow:

- Before training program in order to

find training needs based on calculation

performance gap and performance leve.

- After training program, on job to

evaluate the leved of the performance

improvement.

6-1. Training Need Analysis (TNA)
M odule Window

Training need analysis (TNA) window

has two options are as follow:

a- Peformance appraisals by one rater

(top-down)

b- Performance appraisals by multi- raters

(360° feedback approach)

In the testing of the system, option (b)
was sdected as shown in the table (2)
and (3).where (E) mean employee, (R1)
mean rater (1), (R2) mean rater (2), (R3)
mean rater (3),and (O) mean the
performance objective.

7. Resultsand Discussions

The final results are shown in the
figures(7), (8), (9), (10), (11), (12), and
tables (2), (3) and(4).

The systems can Analyze Training Need
according to the points, target value,
performance level and performance gap
of thefollowing:

1- Factory at each objective, as shown in
the figure(7)

2- Factory of total objectives, as shown
in the figure(8)

3- Each employee at each objective, as
shown in the figure(9)

4- Employee of total objectives. , as
shown in the figure(10)

In the Figure (7)for example The system
presents the results of the Training Need

4

Analysis according to the Performance
gap of each objective of the factory,
performance leve, and summation of
points
The system also represents the results
graphically
In the Figure (7) the system represents
the results of the Total Training Need
Analysis
Also the system presents matrix which
contains the following :
1- The upper Ileft window in
figure (11) includes the results of
(GB, GA, Geand Li) for each employee:
-GB: presents the performance gap of
each objective at training need analysis
step
-GA: presents the performance gap of
each objective after training .
-Ge: presents the performance gap
enclosed of each objective according to
the training program.
-Li : presents thelevel of improvement at
each objective
The system calculates the total current
level improvement , which is presented in
the current level improvement fied.
2- The lower left window in figure (12),
includes the results of (GB, GA, Ge and
Li)of factory:
-GB: represents the performance gap of
each objective before training program..
-GA: represents the performance gap of
each objective after training. program.
-Ge. presents the performance gap
enclosed of each objective after training
program.
-Li : represents the level of improvement
at each objective.
- Total level improvement command:

The system evaluate the total leve of
performance improvement of factory
automatically as shown in the left
window in figure (12)

-Draw level improvement:

The system draws graphically the leve
of improvement, as shown in the in
figure (12).

According to the final results of Li
calculations, the system give the
following recommendations;-
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1- If Liislessthan 25% and summation
of points < 60%, the employee needs
basic training program.

2- If 25% < Li <50% and
summation of points 60%< sum. pi <
80% , the employee heeds medium
training program

If 50% <Li <75% and summation of
points> 80%, the employee needs
advanced training program.

8- Conclusions

CA -360° (TNA) system offers good tool
for training need analysis based on
performance criteria to identify the
performance gap before training. Then
the same criteria must be used to evaluate
the performance after th training program
based on the following:
a- Peformance appraisals by one rater
(top-down)

b- Performance appraisals by multi- raters
(360° feedback appr oach)
The system can Analyze Training Need
according to the points, target value,
performance level and performance gap
of thefollowing:

1-Factory at each objective.
2-Factory of total objectives.
3-Each employee at each objective.

4- Employee of total objectives.
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Table (1) Perfor mance Objectives Database [17]

Employee’s performance eval uation
Employee’s name: Employee’s job:
Type of evaluation Rater’s name:
Rater’s job: Date of evaluation
Criteria of performance appraisals Weight | D; | D,| --- | D »| Points
of - =
criteria w* D

Quality of work:

a-Accuracy of work.
b-Complete work

c-Make use of training program.

Job knowledge:
a-Possess knowledge& skill required
b-Understand relationship to another jobs

Quantity of work:

a-Efficiency of time

b-Raise output

c-Consider amount of work produced.

Customer services

Safe work practices:

a-Apply safe information.

b-Continue to develop knowledge of safety information
c-Don’t make accident.

Dependability:
a-Put extra effort when needed.
b-Performs reliability.

Attendance

Initiative

Team work:
a-Work effectively with others
b-Supports& respects others.

Task management.
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Table (2): Results Before Training

Parameters The stages
Need analysis
Employee Factory
Summations of points 3.78 3.66
Performancelevels 75.63% 73.23%
Performance gap 24.33% 26.77%

Table (3): The Final Results

The stages
Parameters Performance Appraisals after
training
Employee Factory
Summationsof points 3.92 4,005
Performancelevels 78.4% 80.13%
Performance gap 21.6% 19.87%
Performance level improvement 11.22% 25.70%
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Table (4) The Final Results of Perfor mance L evel | mprovement of each Objective of

Employee(1) and factory

Criteria of performance appraisals Per for mance level Per for mance
improvement of Employee level
(@) improvement of
Factory
Quiality of work:
a-Accur acy of work. 63.64% 30.14 %
b-Complete work 55.54% 28.94 %
c-Make use of training program. 15.38% 24.96 %
Safework practices:
a-Apply safe infor mation. 12.52% 30.83 %
b-Continue to develop knowledge 0.00 37.83 %
of safety infor mation
c-Don’t make accident. 28.52% 29.30 %
Customer services 0.00 26.91 %
Job knowledge:
a-Possess knowledge& skill 25.01% 24.48 %
required 0.00 21.68 %
b-Understand reationship to
another jobs
Quantity of work:
a-Efficiency of time 0.00 25.55%
b-Raise output 0.00 24.22 %
c-Consider amount of work 0.00 25.81 %
produced.
Attendance 0.00 20.12%
Dependability:
a-Put extra effort when needed. 17.5% 21.22 %
b-Performs reliability. 0.00 24.33 %
Initiative 0.00 26.01%
Team work:
a-Work effectively with others 0.00 25.03 %
b-Supports& respectsothers. 0.00 0.00
Task management. 0.00 45.23 %
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Rating methods

Ranking methods

-A graphic rating scale - The simple ranking

- Weighted checklists method method

- Behavioral anchored rating scale -The paired

_ _(BARY comparison method -

-Behavioral observation scale The forced- digribution
(09 /-,v

Traditional techniques

PERFORMANCE

APPRAISAL

TECHNIQES
v

Developmental techniques

v

Multi-rater appraisals
- 360- degree feedback approach
-540- Degree feedback approach

Figure (1) Performance appraisal techniques

Supervisor

The employee
Self- ratings

Follower- ratings

Figur e (2) Sour ces of Evaluation
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v

Training Needs Analysis

|

Establish standards for performance

l

Choose performance appraisals
technique

¢

Apply 360° feedback approach

'

Choose weighted checklist technique
1

v

Use pair
comparison
technique for
weighting
factors

Use objective- tree for establish weight
factors

v

Al

Use pre- post measure approach

v v

Evaluate performance before

training program

Evaluate performance after
training program

{

¥

No

v

Measure change
in performance

e performance

yes

gap enclosed?

Thereis

improvement in
the performance

Figure (3) The Algorithm of Training Needs Analysis (TNA)
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TNAM

kr/ I dentify:
-Performance - Performance objectives

objectives - Scaes of degree
- No. of trainees
- Scaes of degree - No. of raters

- No. of trainees -

- No. of raters

y

For onetrainee & onerater, caculae

- Levesof trainees

< > -Weight, degree, points
- Highest degree
-Tota points
- Target va ue of each objective
\/ - Target vaue of total objectives
- Current performance level
- Performance gap at each objective
- Totd current performance level

- Totad performance gap

\4

Isproductivity target val ue achieved?
For factory & onerater, calculate:
- Average point, total point
- Current performance level for each
objective & dl objectives
- Performance gap for each objective &dl
objectives

Use multi — rater (360° feedback
approach):
Calculate:
- Average of points, current
performance& performance gap
at each objective.
- Average of points, current
performance& performance gap
of dl objective

Figure (4) Training Needs Analysis Module (TNAM).
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Step-1:
P, caculations
P =Di* w
Where: p; = The point of each objective
w; =weight of the objective
D; = Degree assigned for each objective
Ti=Dn* w SR ol §]
Where: T, = Target value for each objective
Dy = Congtant (the highest degree in the selected scale)
Pii;=(PP / Ty )*100 ....evvnnene (4-2)

PiG =100 - Pi | erearenrniiiie i, (4- 3)
Where: P, = Level of each objective
P.c = Performance gap before training of each performance objective
of current state .
Prc cdculations

Prs § p, o (4-4)
i=1
io: n
Ta=Dh § W, e (4-5)
i=1
PTL = (PT/ T\,T )* 100 .o (4'6)
PTG =100 - CPTL ........................ (4-7)

Where: Pr= Totd points of al objectives

Tur = Target vdue of al objectives

Pr.= Thelevel of al objectives

Prc = Totd Performance value gap before training of all objectives

I?i ¢ cdculations

P o8 b e 4-8)

Where: ﬁ =Arithmetic mean of points for each performance objective

n, = Number of trainees
P, = Point for each performance objective

Pi= (P, /T )*100 oo, (4-9)

Pi =100 - PiL

G
F_’i ¢ = Performance gap beforetrain

vl

P/n

+ Qo7

1
-

Where Pi = Arithmetic mean of al points of one objective

n = Number of trainees

=3

ﬁT = é P ning of each performance objective of all employees p ccalculations
|
i=1
i=n
D — 8 D i 4- 10
R=ar (*-19

i=1
Pro=( P, / Tw)*100

Po=100-Pr oo, (4-11)

Where PT = Tota Arithmetic mean of pointsof al performance objective

Tvr = Performance Target value of al objectives of the factory or organization
Pr.= Thelevel of dl objectives

P,

= Tt Navcfavmmmnan sialiim mmn lhafava toalnlne ~f tha fantac s Av Av;mnl ek ae

Figure (5) The mathematical model for performance appraisals [Resear cher’s work]
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Step - 2:
PmiG calculations

Where: |5mi =Arithmetic mean of pointsfor each performance objective of one employeerated by
multi-raters

P = Point for each objective of multi-raters
nr =No. of Raters

Where:
I?Jrni ™ Performance gap before training of each performance objective of one employee

PmT = é. Pmi

=N PR

_ 5N _

P: =a P Pro=( PmT / Tur)* 100
i=1

Por ¢ =100-Pri e, (4-15)

Where: Pmi = Arithmetic mean of points of each performance objective for one employee

PmT = Total mean points of al performance objectives for one employee

P

mr ¢~ performance gap of al objectives of one employee

F’mi . Cdculation:

ﬁrni/nI

1

mi -

U
1
Qo7

Where. n;=No. of trainees.

P i = Grant average of each objective
Pr=( Em T )00 e (4-16)
Pmi_G =200-PL e (4-17)
Where:
5mi G = Performance gap before training of each performance objective of 4

Figure (5) The mathematical model for perfor mance appraisals
[Resear cher’s wor k] (continued)
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U, M = casting

unit ma Uz M = frame unit manager U sM = rotor unit manager UsM =
winding unit manager U ¢M = paint unit manager U ; M = turning unit manager
U g M = coating unit manager
U oM = assembling unit manager U0 M = backing unit manager E,, E, =
employees

Figure (6) The hierarchy levels of the sample of trainees for practical application.

alllx

b L. D wdor- ok

D] @] & [Ralo) w7 uf m|m]w] Ridaritm’ o == e TR
Dorwral | Clbrtabeise | Bak Comparsen | Bugras Suliciiss Lusal Cn

WA = A

Tart Paairaancs Lasad | Duiie Dt Vit Gragh |:TJ.ii.'|.i'nruuu" sirco G g |

VorbmingTrdwng | few Cibien | Dawlgren | ol Teie | SbsimBdse |

[Fanre TRRTR T e
Figure (7) Training Need Analysis accor ding to the Perfor mance Gap of Each Objective of the
Factory.
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Figure (8) Total Training Need Analysis According to the Performance Gap of the Factory
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Figure (9) Training Need Analysis accor ding to the Perfor mance Gap of Each Objective of

the Employee (1).
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Figure (10) Training Need Analysis according to the Total Perfor mance Gap of the Eemployee
(D).
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Figure (11) The gap enclosed for each objective of the factory.
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Figure (12)The total gap enclosed of the factory.
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Figure (13) The gap enclosed for each objective of employee @
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