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Validation of the complexity index method
at three manufacturing companies
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Abstract. In order to manage increasing numbers of produtangs, tools that can
reduce or manage production complexity are vithe paper describes CompleX-
ity Index (CXI), an index-based method and tool thesess the complexity and
difficulty of work at an industrial workstation. @Xvas validated at three Swedish
manufacturing companies studying the correctneghefcalculation, usage as a
prediction tool and the view of different roles.dh three cases, CXI was seen as
a useful tool to evaluate the operator-perceivedpdexity of a workstation.
Keywords: Production complexity; station work; continuouspiovements; pro-
duction planning; industrial competitiveness.

1 Complexity Index

Today increased complexity is still one of the lgigigchallenges in manufacturing
[1]. Manufacturing industry experience an increasing menof product variants,
components, product mix, and frequent changes limnw®, process, product, and
organisation. In order to manage these challerigissyital for industry to be able
to reduce or manage production complexity. Peomleking with production en-
gineering, operation, or introducing changes nedoetter understand and visual-
ize what level ofproduction complexity they experience. Further, industry needs
to have tools to identify what type of improvemetitat can be made to reduce
complexity.
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To meet the apparent need to measure productioplesity, a CompleXity
Index (CXI) was developed within the project COMBLECXI is a question-
naire-based method and complexity assessment habliricludes 23 statements
addressing the following identified problem areBsoduct variants, Work con-
tent, Layout, Tools and support tools, Work instructions and General (general
view of the station). The problem areas are basednopirical work by Fassberg
et al., [2] and Gullander et al., [3] (the develamnof CXI is further explained in
Mattsson et al., [4]) The questionnaire statem@niSXI are of Likert-type, and
evaluated as part of a formula (see Mattsson gf4d). The output of the formula
is a complexity index that establishes a measuréfoerthe complexity of a sta-
tion (see score boundaries in Table 1).

The objective of CXIl is to assess whether a statias a low, middle, or high
complexity (green, yellow or red) focusing on trergeived view of complexity.
Scores are given for separate problem areas arskresl in a colour-carpet,
which indicate the urgency of action (see score<Ciél in Table 1). This can be
used in several ways e.g. to improve stations &ud groduction.

Table 1.Score boundaries for CXI

CXI Complexity Colour Action
<2 Low g (Green) No action needed
2 and <3 Middle y (Yellow) Need change

>3 High Need urgent
change

The aim of this paper is to investigate the usefsdnof CXI and to test its va-
lidity.

2 Validation through triangulation

In this paper an applied research methodologyes ushich means that empirical
data from industrial case studies are a major @faitte research results. To vali-
date the proposed CXI method, a triangulation agqird5] was used. In this pa-
per investigator and data triangulation was usegessted Deniz [6] (Deniz also
suggested two other types of triangulations). Taleation of CXI includes three
cases where the feasibility and outcome of the atketh tested and investigated.
The case study contained semi-structured intervevadsdiscussions with affected
personnel regarding the outcome of CXI (both theasneement index and visuali-
zation using the colour-carpet). In all cases,rdspondents completed their ques-
tionnaire in their own time. Afterwards, to be atdesvaluate the CXI usage, their
opinion was captured in an interview.

Investigator triangulation means that several ne$ems gather and/or analyses
the same type of data. In the presented studieliptauresearchers and in some
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cases master students, were involved in colledtiegdata and the information
(see Table 2). Investigator triangulation was usededuce experiment bias, i.e.
data-collection dependency on individual reseagthgews and interests.

Table 2. Types of users in the investigator triangulation

Company Gathering CXI Performing
questionnaires analysis
Novice users Expert users
Novice users Expert users
C Novice users Users

Data triangulation is the use of multiple sourdes, different participants are
asked the same thing. In these studies differqestyof data sources were used:
operators, logistical personnel, trainers, a pridaocsupervisor, the head of com-
petence-assurance and higher official and headsTable 3). In this table the
types of companies, Company A-C, are also presented

Table 3. Data sources: the respondents and personnafpdisicussing the results of CXI

Company Type of company Respondents Part of analysing re-

sults

A Large automotive 4 operators 4 operators and
company (2 stations) 1 production supervi-

sor separately

B Large automotive 12 operators and 3  Head of competence-
company trainers assurance

(3 stations)

C Medium sized com- 4 kit operators An operator represen-
pany making elec- and 10 logistics per- tative, higher officials
tronic components sonnel and department

(11 stations) heads.

3 Correctness of calculation, usage as a predictiawol and the
view of different roles

The validation was made at three manufacturing CGomngs A-C with different
study focusesCorrectness of the calculation, usage as a prediction tool andthe
view of different roles. In this chapter the result and discussion isepresl.
Whether the CXkalculation was performed correctly or not was investigated
at Company A, by interviewing the respondents. Bpecific stations were cho-
sen for CXI testing at Company A, based on an prevassessment of CXI indi-
cating that the stations had high complexity (daéions F and H in Mattsson et
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al., [7]). In the new assessment, the stations wated as complex due to two
problem areasProduct variants andLayout. The respondents stated that the sta-
tion should be given a red complexity index. Altbuhe operators thought that
the station was acceptable to work at, they saitlamew person would have dif-
ficulty to learn the work and other stations wererendifficult for them. The pro-
duction supervisor also believed the CXI calculativas correct. He however
stated that the measurement did not give him ndéevrimation (in addition he was
not given resources to perform any big changesje&d, he thought the method
could be useful on a higher management level.

At Company B, the CXI tool was usedpoedict problems in future stations by
studying similar already existing stations. 26 mrgfents assessed three stations
and the main problem area, indicated by CXI, ®esluction variants. Almost all
personnel perceived the tools and support toolset@reen, but some improve-
ment suggestions were given. Improvement suggestiociuded work instruc-
tions (station 1), sequencing, pre-work and hagdiihmaterial (station 2), lifting
and narrow work place (station 3). The results voemesidered useful to the com-
pany, since it reflected previously unknown facts.

The view of different roles was investigated at both Company B and Company
C by studying differences between operators ariders and the views of kit as-
sembly personnel and logistics personnel respdgtifde trainers’ role at Com-
pany B was to teach new trainers how to educate pleesonnel on the lines i.e.
had deeper knowledge of the station but had nokeebthere for some years. Re-
sults indicate that trainers rated the stationmase complex than the actual op-
erators did. However, stations A and C had vallesecto red values (CX¥2.96
and CXk= 2.90, see score boundaries in Table 1), seelFithe difference could
however be due to that they had not worked on ttéoa for some time. In order
to further understand the problems identified, scdssion with the associated op-
erators is needed. CXI was considered useful astastep in that discussion.

Station A Station B Station C
Problem area Trainers  Operatars Trainers Operatdnainers Operatorg

Product variants
Work content

Layout
Tools and support
tools

Work instructions

General

CXI

Fig. 1. Colour-carpet for trainers and operators at Comyzan



International Symposium on Assembly and Manufacturing (ISAM), Xi'an, China, July 30-Aug 2, 2013.

At Company C, eleven stations were assessed. Studiee made in order to
reduce and understand time and work carried otitvtha not included in the bal-
ance, i.e. unbalanced time at the stations. Bo#ratprs and logistics personnel
were included in the study to get a more holistewof the stations. Three types
of stations were studied: a kitting station, theeasbly train, and four assembly
stations. It was indicated that perceived compjewias proportional to the unbal-
anced work and the stations were mainly complekénfollowing problem areas:
Product variants, Work content andLayout. The station that had the highest index
had unbalanced work ranging from 56-61% [8] andcitlamon unbalanced work
was listed as: rework, repeated movement of theadqes from station to material
rack, and waiting time. Results were presentedamg@any C's operator represen-
tative, higher officials, and departmeheads who thought that the results were
useful, since it gave detailed insight on wheredlae problems with unbalanced
work. In addition the colour-carpet was seen asaldasis for discussion since it
helped their view of how to improve the process godlity of the system and
how to prioritize future actions. The index alsdanoided with their perceived
view of the station.

4 Conclusions

The method, CompleXity Index (CXI), was in all irddtial cases seen as a useful

tool for evaluating perceived production complextya station. It was found that

CXI measures what it was intended to measure. Eurtbre, the CXI questions,

grouping of problem areas and calculation were idensd correct. In addition,

the use of CXI as a prediction tools and the viéwifferent roles was supported.

The method was seen as useful in the context eketl@wedish manufacturing

companies:

* At Company A the operators were satisfied with élssessment and its use-
fulness, but that the production supervisor did mote the resources to per-
form changes according to the known problem areas.

* At Company B, CXI provided a view of complexity theould be used for
continuous improvements.

At Company C a correlation between unbalanced vemdk complexity was
found.

In addition it was seen that the results from défe roles should be inter-
preted together with the personnel. The resultsi@iabe generalized, since three
different types of cases were used. However, resutticate if the method meas-
ures what it is intended to. Future work includegher studying the benefits of
using the method.
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