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Identifying vertical partnership 
among automotive component companies: 
empirical evidence from automotive industry 
in Jabodetabek, Indonesia
Donny Oktavian Syah1,2* 

1 Introduction
The automotive industry is a unique, complex, and dynamic industry. Its approximately 
15,000–20,000 parts are assembled in the industry (Oliver et al. 2008), and it is a capital-
intensive industry (Zapata and Nieuwenhuis 2010). Moreover, the automotive industry 
and its suppliers are highly dependent on each other (Veloso and Soto 2001). Due to 
the high amount of complicated components required, all companies, even the largest 
manufacturers, cannot produce the components themselves. They need other compa-
nies, called tier-1 and tier-2 companies, to supply them.

Indonesia, Thailand, Malaysia, and the Philippines are known as the ‘ASEAN-4 Clus-
ter’ and are the dominant automotive players in Southeast Asia (Irawati 2012). Auto-
motive production in the Association of Southeast Asian Nations (ASEAN) reached 
3896,967 units in 2015 (Gaikindo 2016) and is an area that has expanded dramatically to 

Abstract 

The goal of this research is to examine the relation between technology transfer, 
technical exchange, government role, and supplier performance of automotive 
industry in Jabodetabek, Indonesia. There are 99 companies in this study, consisting 
of 6 assembler companies, 59 tier-1 companies, and 34 tier-2 companies. The research 
was conducted by visiting sites and filling questionnaires based on Likert scale to the 
person in charge at middle-up management level who understand or is responsible for 
measuring product quality (purposive sampling). The result of the questionnaires was 
processed and analysed by partial least square path modelling (PLS-PM), using Smart 
PLS 3.2.7 software. The result showed that there was a significant impact of govern-
ment role to technology transfer (p value 0.000), technology transfer to supplier perfor-
mance improvement (p value 0.056), and technical exchange to supplier performance 
improvement (p value 0.074). However, there was no significant impact of government 
role to supplier performance improvement (p value 0.179).

Keywords: Technology transfer, Technical exchange, Government role, Supplier 
performance improvement, Automotive industries in Jabodetabek, Indonesia

JEL Classification: D21, D24, L62, L24

Open Access

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made.

RESEARCH

Syah  Economic Structures            (2019) 8:33  
https://doi.org/10.1186/s40008-019-0149-z

*Correspondence:   
donny.oktavian.syah@c.
mbox.nagoya-u.ac.jp; 
oktaviansyah@gmail.com 
1 Graduate School 
of International Development 
(GSID), Nagoya University, 
Nagoya, Japan
Full list of author information 
is available at the end of the 
article

http://orcid.org/0000-0002-7701-9506
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40008-019-0149-z&domain=pdf


Page 2 of 25Syah  Economic Structures            (2019) 8:33 

exporting for the world’s leading automotive manufacturers (Ito and Umemoto 2004). In 
Indonesia, manufacturing in the automotive sector made up 28% of the manufacturing 
sector’s contribution to gross domestic product (GDP), second only to manufacturing of 
food products, which contributed 36% (see Fig. 1).

According to the Association of Indonesia Automotive Industries (GAIKINDO), the 
year 2015 saw total ASEAN production of 3896,967 units and sales of 3070,488. Indone-
sia automotive industry accounted for 1098,780 units of vehicle production and sales of 
1,013,291. In comparison, Thailand dominated vehicle production with 1,913,002 units 
and sales of 799,632. In the ASEAN market, Thailand, known as the ‘Detroit of Asia’, and 
Indonesia are in competition with each other (see Fig. 2).

As the volume of parts for supply and sales increases, increased competition is 
inevitable. Competition is fierce in the automotive industry, so one way to survive 
is to build solid supply chain management between buyers and suppliers. As auto-
motive makers (assembler companies) holding international automotive brands face 

Fig. 1 Contribution of manufacture and automotive industry to Indonesian economy. Source: Central 
Agency of Statistics of Indonesia (BPS) in JETRO (2015)
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international competition, local suppliers (tier-1 and tier-2 companies) face demand 
to upgrade quality, cost, and delivery (Sadoi 2013).

In the buyer–supplier relationship, the performance of the supplier plays an impor-
tant role, as their capability to produce good parts for the buyer increases the oppor-
tunity to defeat the competition at the end of the product stage. Moreover, lasting 
relationships (link durability) between buyer–suppliers has been the key to success-
fully winning competition in the global market (Cannon et al. 2010). The automotive 
industry has witnessed speedy technological change that requires high performance 
from suppliers, and the good performance of a supplier also leads to the buyer main-
taining their relationship with the supplier (Doney and Cannon 1997). The buyer 
requires capable suppliers, while suppliers also require the buyer’s order. The above 
situations made suppliers increase their value they add, and buyer–suppliers interde-
pendence also grows (Oh and Rhee 2008).

Meanwhile, several studies have revealed that government plays an important role 
in certain areas, such as technology transfer and supplier performance improvement, 
especially in developing countries. In the area of technology transfer, in the early stages, 
government often implements policies to protect industry, for instance by setting up 
minimum requirements for local content to guarantee that parts are produced locally. 
The Indonesian government established several policies to nurture the automotive 
industry, including the TKDN policy (tingkat kandungan dalam negeri) or local produc-
tion policy for technology transfer from foreign partners (Dewanti 2012).

Besides designing policy, government also assists local supplier companies with capital 
investment, marketing, and human resources development (e.g. providing training) to 
improve supplier performance capabilities. A study conducted by Jan and Hsiao (2004) 
suggested that the administrations of developing countries should institute timely poli-
cies to ensure that the technology leveraging process runs smoothly. For the Indonesian 
government, improving the abilities of suppliers represented by tier-1 and tier-2 compa-
nies has played an important role in economic development.

Besides Thailand, Malaysia, and the Philippines, Indonesia is a key automotive supplier 
(of automotive spare parts) in the Southeast Asian (ASEAN) region (Ito and Umemoto 
2004). The multinational enterprises (MNEs) of the automotive industry as buyers tend 
to increase their internationalized production network. One critical issue is the effect 
of supplier relationships between assembler companies (as buyers) and tier-1 and tier-2 
companies (as suppliers) that influence to win competition from the fierce competition 
of the international market. With the objective of building a quick development process, 
lower input costs, and completed end-product quality, supplier performance improve-
ment is a significant factor.

In Indonesia, Jabodetabek is a barometer of automotive industry, which is the main 
reason why this location was chosen for this research. Jabodetabek is the official name 
for the urban area surrounding the capital city of Jakarta. Jabodetabek stands for Jakarta, 
Bogor, Depok, Tangerang, and Bekasi Cities. The results of this study are expected to 
provide an interaction process between government role, technology transfer, technical 
exchange (between buyers and suppliers), and supplier performance improvement in the 
Indonesian automotive industry, particularly in the Jabodetabek area.
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Based on the author’s fieldwork, almost all major automotive firms are located in Jabo-
detabek. Several major automotive firms are located outside Jabodetabek, like Toyota 
Motor Manufacturing Indonesia (TMMIN), Honda Prospect Motor, KIA Motor, Timor 
Motor, Nissan Motor, and Hino Mobil. However, their factories are located in Karawang, 
West Java, less than approximately 39 miles (63 km) from Bekasi (a city in the Jabodeta-
bek area). Moreover, their headquarters are still located in the Jabodetabek area. At least 
16 major automotive and nine major motorcycle makers operate in Jabodetabek. Addi-
tionally, most tier-1 and tier-2 supplier companies are also located around Jabodetabek; 
they produce automotive spare parts and focus on production processes like creation 
welding plants, casting plants, stamping plants, and engine plants. According to data 
from KIKO (Indonesian Automotive Component Industry Cooperative), automotive 
companies in Indonesia consist of 27 assembler companies (OEM), 245 tier-1 and tier-2 
companies, and 950 tier-2 and tier-3 companies (JETRO 2015).

Similar to the other automotive structures in other countries, the Indonesian auto-
motive supply chain structure is essentially divided into three layers. Each has differ-
ent functions and responsibilities. The pyramid supply chain structure in the automotive 
industry can be described as follows:

• The first layer is the automotive maker (assembler companies). An assembler com-
pany, also called an OEM (original equipment manufacturer), sits at the top of the 
automotive supply chain pyramid. An assembler company is a manufacturer that 
makes end-products for the consumer marketplace. There are several assembler 
companies operating in Indonesia; they are usually international automotive brands 
from Japan, Germany, South Korea, Malaysia, or India. However, the most dominant 
assembler companies operating in Indonesia are Japanese.

• The second layer is made up of tier-1 companies. Tier-1 companies are first-hand 
suppliers to assembler companies. These are especially prominent in the automotive 
industry and relate to major suppliers of parts to assemblers.

• The third layer includes tier-2 companies. Tier-2 companies supply automotive parts 
directly to tier-1 companies and do not provide automotive parts directly to assem-
bler or OEM companies. However, in many cases, a company may be a tier-1 sup-
plier to one business entity and become a tier-2 supplier to another business entity, 
or they may be a tier-1 supplier for a specific product and a tier-2 supplier for a non-
identical product line. For cases in Indonesia, most tier-2 companies are categorized 
as small- and medium-sized enterprises (SMEs) (Fig. 3).

This study intended to widen the scope of previous researches that focus only the 
relation between tier-1 and tier-2 of automotive firms in Indonesia (Syah 2019). The 
goal of this study is to examine the relations between the four dimensions of tech-
nology transfer, technical exchange, government role, and supplier performance 
improvement in the automotive industry in Jabodetabek, Indonesia. The study aims 
to: (1) examine the relation between government role and technology transfer; (2) 
identify the relation between government role and supplier performance improve-
ment; (3) examine the relation between technology transfer and supplier perfor-
mance improvement; and (4) identify the relation between technical exchange and 
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supplier performance improvement. Jabodetabek has been chosen as the field area for 
the research because, besides the fact that most major automotive and motorcycle 
assemblers are located in this area, production units of many supplier companies in 
the automotive industry are located in Jabodetabek.

Despite the fact that there are some limitations to this research, this study contributes 
to the current literature in several areas, such as being a comprehensive study of the ver-
tical relation among assembler, tier-1, and tier-2 companies in the automotive field, the 
role of technology transfer, technical exchange to supplier performance improvement, 
and the role of (the Indonesian) government in the automotive industry. The contribu-
tion of the study is unique as, first, the scope of previous researches focused only on 
the vertical buyer–supplier relationship between assembler and tier-1 companies; in this 
study, the author included tier-2 companies as respondents. Second, the study does not 
merely focus on the buyer–supplier relation, but also on the role of government.

Below is a literature review. This is followed, in part three, by an explanation of the 
collection of primary data and the methodology. Finally, the discussion, conclusion, and 
ideas for future research are described in sections four and five.

1.1  Literature review

The literature review plays an important part in this study because it provides back-
ground information related to the research of various scholars into supplier–buyer rela-
tions in automotive industries. The structure of the literature review is based on the key 
themes mentioned above in the abstract, involving the description of the general terms 
of technology transfer, technical exchange, government role, and supplier performance 
improvement. First, the overall picture of this study focuses on the relation between 
technology transfer, technical exchange, and supplier performance improvement in the 
automotive industry in the Jabodetabek area of Indonesia. By emphasizing the whole 
picture, it is hoped that this study will give a clear picture of relations among them. Sec-
ond, this study also uses various government roles to examine the significance of its rela-
tion to technology transfer and to supplier performance improvement.

Fig. 3 Pyramid structure of automotive industry in Indonesia. Source: Based on interview of Indonesian 
Automotive Component Industry Cooperative (KIKO) of Indonesia and Japan Economic Research Institute Inc 
(JETRO). Asian Industrial Foundation Development Research in FY 2014: Fact Finding Survey on Local SMEs in 
Indonesia Japan Economic Research Institute Inc. (2015)
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1.2  Government role

The government plays an important role in the implementation of industrial policy in 
automotive industry. In this study, government role is defined as the support of govern-
ment especially in area of technology transfer and supplier performance improvement 
in the automotive industry. Therefore, the role of government is examined by the players 
in the automotive industry (from assembler to tier-2 companies). Several policies con-
ducted by the government receive different responses from the players in the automotive 
industry.

In China, one study conducted by Chu (2011) suggested that governments in develop-
ing countries should institute timely policies to encourage collaboration between foreign 
and domestic automotive firms to help the technology leverage process in the domestic 
market. The author also found that the Chinese government (central state government) 
may have been ineffective in the beginning; however, the government continued to 
improve its policies to gain consensus by providing performance standards in the auto-
motive industry.

Meanwhile, in India, Tiwari et al. (2011) found that government role is not specifically 
defined; however, they mentioned the government’s role in creating policies that shaped 
the industry in a significant way. The study carried out by Tiwari et al. (2011) found that 
government played an important role in the evolution of the Indian automotive industry, 
especially in the third phase (1980-1990) and fourth phase (after 1991 onward), when 
the Indian government launched the ‘infusion of the new technology’ in phase three, and 
‘liberation with regard to foreign investment’ in phase four, which had a key influence on 
the Indian automotive industry.

In Thailand, which is one of the most important automotive players in Southeast Asia, 
one study (Lecler 2002) shared that the Thai government never tried to build a ‘national 
car industry’ and focused more on the parts industry. According to a study by Lecler 
(2002), government role in Thailand emphasized core assembling and exporting parts to 
other ASEAN countries. Government incentives and focus on infrastructure made Japa-
nese manufacturers of automotive and parts interested in coming to Thailand. Finally, 
European manufacturers also followed their Japanese counterparts by entering the Thai 
automotive industry.

In this study, indicators of government role in this research consist of sufficient train-
ing, promotion, tax incentives, local content policies, and performance support in 
Indonesia.

1.3  Technology transfer

Numerous studies looking at technology transfer have tended to approach the subject 
from the perspective of automotive industries, as every industry is unique. The concept 
of technology transfer has been studied from many perspectives. Kotabe et  al. (2003) 
defined technology transfer as a collaborative relationship that permits one partner to 
look into and duplicate full technological qualification of the other partner. In this case, 
technology transfer is from an assembler company to tier-1 and tier-2 companies.

Meanwhile, Tidd et al. (2011) described technology transfer as a point-to-point phe-
nomenon that turns knowledge to implementation. Moreover, Collins (1991) added that 
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technology transfer includes bigger areas of activities and higher-level organization, 
meaning technology transfer covers areas of commercial technology movement from a 
buyer company to supplier companies.

Therefore, in the implementation scope, technology transfer requires cooperation, as 
large and functionally different groups act together inside and outside firms for a sus-
tained period of time (Galbraith 1990). As technology transfer is one factor for consid-
eration in the automotive industry, the author proposes the following hypothesis: there 
is a significant relationship between technology transfer and supplier performance 
improvement.

1.4  Technical exchange

The automotive industry is unique. Besides its rapid technological changes, the auto-
motive industry demands greater capabilities. Sometimes, with the objective of meet-
ing the high requirements of automotive spare parts, a very active assembler–supplier 
collaboration is needed. In this research, the terminology of buyer–supplier interaction, 
especially in technical matter, is technical exchange. Kotabe et al. (2003) defined techni-
cal exchanges as the collaboration between buyers and suppliers that includes continu-
ing mutual adaption between buyers’ and suppliers’ design and production operations. 
Sometimes, the adaption comes about through one-to-one personnel relationships 
and the explicit sharing of engineering knowledge. In the field, technical exchange fre-
quently happens in B2B (business-to-business) within the supplier–buyer relationship. 
The reciprocal relationship happens because they need each other. Buyers build techni-
cal exchange because they want to get spare parts that meet their requirements, while 
on the other hand, suppliers try to supply the best parts to buyers, in order to keep their 
contracts.

Based on Oh and Rhee’s (2008) Hyundai–KIA tier-1 research, suppliers with design 
capabilities can vitalize manufacturer–supplier collaboration (technical exchange). A 
manufacturer in this study refers to an assembler company. It can be inferred that the 
assembler–supplier relation plays a vital role in building better cohesion. There are sev-
eral areas where buyers and suppliers can collaborate with each other. In the Hyundai–
KIA tier-1 study, the term technical exchange refers to communication, problem solving, 
and strategic purchasing.

Meanwhile, in the buyer–supplier case of Toyota in the USA and Japan, Dyer and 
Nobeoka (2000) found that the network between buyers and suppliers (technical 
exchange) can be more productive. Perhaps both parties realized that production knowl-
edge is seen as the property of the network, not belonging to an individual firm. Another 
study also found that technical assistance from a supplier is one determinant on trust in 
supplier relations (Sako and Helper 1998). Bonte (2008) also found that sharing knowl-
edge spillovers from customers/buyers is useful in building on trust with suppliers.

In this study, the technical exchange dimension will include indicators including close 
relationships, bilateral communication, frequent contact, informal discussions, com-
munication in the early development process, and informal communication’s impact 
on reducing lead time. Given the preceding discussion, the following hypothesis is pro-
posed: there is a significant relationship between technical exchange and supplier per-
formance improvement.
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1.5  Supplier performance improvement

Competition in the automotive industry is very tight and severe, so assembler compa-
nies demand suppliers with capabilities that meet their requirements. Supplier com-
panies that stay up-to-date with international standards stay in business. Performance 
improvement is inevitable in the automotive industry. According to Kotabe et al. (2003), 
the term supplier performance improvement means operational activities that are meas-
ured in four dimensions: product design, process design, product quality, and (ability to 
reduce) lead time. The study carried out by Kotabe et al. (2003) measured tier-1 compa-
nies’ supplier performance improvement benchmarking between US and Japanese sup-
plier companies.

According to a study by Cannon et al. (2010), there are three reasons why overall sup-
plier performance is pivotal to a buyer firm’s evaluation: (1) relative price/cost; (2) prod-
uct/service performance; and (3) delivery performance. As the amount of a buyer’s profit 
is dominated by the amount they spend on buying goods, buyers will evaluate long-term 
relationships with suppliers based on price/cost.

With the objective of coming up with improved supply chain optimization perfor-
mance, all participants (suppliers and buyers) should be concerned with and obligated 
to work to a common goal like customer satisfaction in the entire supply chain and 
improved competitiveness (Gunasekaran et al. 2004).

In this study, the dimension of supplier performance improvement is scrutinized using 
four main indicators: (1) improving product design; (2) improving process design; (3) 
improving product quality; and (4) reducing lead time. The four indicators above have 
been adopted from a previous study (Kotabe et al. 2003). In this study, supplier perfor-
mance improvement is used as a dependent variable.

1.6  The conceptual framework

In order to make it easier to understand this research, our theoretical framework that 
has been designed is shown in Fig. 4.

2  Methods
2.1  Hypotheses

Given the preceding theoretical review section, the following hypotheses are proposed:

H1 There is a significant relationship between government role and technology 
transfer.

H2 There is a significant relationship between government role and supplier perfor-
mance improvement.

H3 There is a significant relationship between technology transfer and supplier perfor-
mance improvement.

H4 There is a significant relationship between technical exchange and supplier perfor-
mance improvement.
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The research objective of this study is to examine the relation of technology transfer, 
technical exchange, government role, and supplier performance improvement in the auto-
motive industry in Jabodetabek, Indonesia. Most of the studies outlined in the literature 
review focused on evidence of buyer–assembler relations outside Jabodetabek, Indonesia. 
Other researchers did not cover the case of the automotive industry in Indonesia. Besides, 
previous research that investigated buyer–assembler relations and supplier performance 
did not cover the role of government policy in the automotive sector. Therefore, previous 
studies were only partially examined. In order to examine the issue comprehensively, this 
study proposes to investigate an alternative automotive industry case in Jabodetabek.

2.2  Sample and criterion variable

In order to examine the relation among technology transfer, technical exchange, govern-
ment role, and supplier performance, the author conducted a questionnaire survey to 
players at all levels of the supply chain (assemblers, tier-1 companies, and tier-2 compa-
nies) in the car and motorcycle industry of Jakarta and four surrounding cities: Bogor, 
Depok, Tangerang, and Bekasi. The questionnaire was distributed to a list taken from 
PIKKO (Medium-Sized Automotive Component Companies of Indonesia) and KIKO 
(Indonesian Automotive Component Industry Cooperative) for tier-2 companies; both 
institutions are automotive associations.

In an industrial survey, like that of this study, it is considered discrete to sample all 
corporate entities in the population to ensure representativeness (Lehman 1985). In 
the beginning, it was quite difficult to get exact population data from the government 
(Ministry of Industry and Ministry of Cooperative and Small–Medium Industry), so the 
author took data from PIKKO and KIKO stated in Japan Economic Research Institute 
Inc. (2015). As mentioned earlier, based on PIKKO data, there are 1222 automotive part 
companies in Indonesia. If using the sample formula as follows:

n ≥
N

(
e

k

)2 N−1
P(1−P)

+ 1

Transfer Technology

(TT)

Government Role

(GR)

Supplier
Performance
Improvement

(SPI)

Technical Exchange

(TE)

H1
H3

H2

H4

Fig. 4 Conceptual framework. Source: Author
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where population N  1222, accuracy E  0.10, population rate P  0.5, constant K  1.96, mini-
mum sample size N  90, then based on the above calculation, the minimum number of 
respondents for the sample is 90 respondents. The list contacted was provided by PIKKO 
and KIKO, and field research was conducted from September 2015 until February 2017. 
Once the respondents consented to respond to the survey after being contacted, the 
author and a team of interviewers went directly to the company to do the interview and 
ask them to fill in the questionnaire. A questionnaire was developed in Bahasa Indonesia 
and English to ask a broad range of questions relating to the nature of suppliers’ vertical 
relations. More than 150 companies were contacted to be respondents. However, only 
99 companies agreed to participate in this study. Respondents consisted of six assembler 
companies, 59 tier-1 companies, and 34 tiers-2 companies. As the response rate for this 
study was more than the minimum requirement, the findings of this research are repre-
sentative of the entire automotive industry population in Jabodetabek.

In an industrial survey such as the one used for this study, it is considered discrete 
to sample all corporate entities. The primary objective of this study was to identify the 
relation between technology transfer, technical exchange, government role, and supplier 
performance improvement. Consequently, it is necessary that the respondents (inter-
viewees) representing assemblers and supplier companies are ‘the right person’ to be 
interviewed, in order to avoid bias and misleading results. Therefore, there were addi-
tional requirements of respondents (interviewees) in this research:

1. The representative respondent who answers the questionnaire should be the owner, 
head of production, or Director, and have the authority to measure technical aspects 
of products in the company.

2. Automotive respondents should have operated for at least two years.
3. Automotive respondents must have supplier companies.

2.3  Latent variables and indicators

In this study, there are four latent variables (constructs) with five indicators of govern-
ment role, four indicators of technology transfer, six indicators of technical exchange, 
and four indicators of supplier performance improvement. 

Basically, the contents of questionnaires of Kotabe et al. (2003) focused on the relation-
ship of technology transfer and technical exchange to supplier performance improve-
ment. Kotabe wants to emphasize the scope of value adding the relationship between 
buyer and supplier. Indicators in technology transfer stressed on how the capabilities 
that especially related to higher technology level that is harder to develop to be shared 
or transferred to a partner (suppliers) from a buyer in collaborative process. Based on 
indicators of technology transfer above, terminologies such as ‘sharing’, ‘transferring’, 
and ‘deploying’ technology to partner’s behalf become key issues. Meanwhile in techni-
cal exchange, the indicators focus on continuously mutual adjustment between buyer 
and supplier in production operations. Because technical exchange entails small-scale 
exchange information, terminologies such as ‘close relation’, ‘regular contact’, ‘commu-
nication’, and ‘informal communication’ became central issues. In supplier performance 
improvement indicators, Kotabe emphasizes on improvement in supplier’s performance 
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improvement over the last 2–3  years. Operational performance in this case refers to 
‘product design’, ‘process design’, ‘product quality’, and ‘reducing lead time’. Kotabe’s 
approach has been implemented to measure the relation of suppliers and buyers in USA 
and Japan. Of government role, the author uses indicators based on preliminary discus-
sion to government and the association board of PIKKO and KIKO in Indonesia. In this 
study, indicators of government role in this research consist of sufficient training, pro-
motion, tax incentives, local content policies, and performance support in Indonesia. As 
mentioned above, the role of (the Indonesian) government in the automotive industry in 
this study is one of the author’s interests. Details both Kotabe approach and preliminary 
interview with automotive players in Jabodetabek shown in Table 1.

2.4  Statistical method

All multi-item measured questionnaires were based on a five-point Likert scale. The data 
were processed with PLS-PM (partial least square path modelling) using Smart PLS 3.0 
software. Partial least squares are a group of regression-based methods designed for the 

Table 1 Indicator variables. Source Adopted question from previous research (Kotabe 
et al. 2003) and based on preliminary interview with automotive players in Jabodetabek, 
Indonesia (author)

Latent variables Indicators Symbol Scale

Government role Providing sufficient training GR1 Likert 1–5

Assistance to promote automotive products GR2 Likert 1–5

Providing tax incentives GR3 Likert 1–5

Supportive local content (TKDN) policy GR4 Likert 1–5

Recent policy supports performance in the automotive industry GR5 Likert 1–5

Technology transfer Sharing high-level engineering capabilities with suppliers TT1 Likert 1–5

Willing to transfer technology to suppliers TT2 Likert 1–5

Partners are willing to share technologies with us TT3 Likert 1–5

Technological support from partner firms assists us, on many occa-
sions, in working out technical problems

TT4 Likert 1–5

Technical exchange Our engineers and sales teams have a close relationship with our 
supplier’s personnel

TE1 Likert 1–5

The communication is ‘two-way communication’ rather than unilat-
eral in the development process

TE2 Likert 1–5

Regular contact between our partner and engineers is valuable 
(important)

TE3 Likert 1–5

Our partner often conveys strategic engineering information 
through informal discussion

TE4 Likert 1–5

Communication with our partner on many occasions starts to appear 
earlier in the development process

TE5 Likert 1–5

Informal communications often diminish lead time in the develop-
ment process

TE6 Likert 1–5

Supplier perfor-
mance improve-
ment

The supplier–buyer relation has persisted to be able to enhance 
product design in the last two to three years

SPI1 Likert 1–5

The supplier–buyer relation persisted to be able to enhance process 
design through this partnership in the last two to three years

SPI2 Likert 1–5

The supplier–buyer relation persisted to be able to increase product 
quality through this partnership in the last two to three years

SPI3 Likert 1–5

The buyer–supplier relation persisted to decrease lead time through 
this partnership in the last two to three years

SPI4 Likert 1–5
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analysis of high-dimensional data in a low-structure environment (Chin 2010 in Vinzi 
et al.). The partial least square approach to structural equation modelling (SEM), or PLS 
path modelling, initially developed by Wold (1966, 1982, 1985) and Lohmöller (1989), 
proposes an alternative to the more important and well-known covariance-based model-
ling (Monecke and Leisch 2012). Data characteristics like minimum sample size, non-
normal data, and scale of measurement are among the most often stated reasons for 
applying PLS-PM (Hair et al. 2012; Henseler et al. 2009).

There are several reasons why this study used PLS-PM. First, this study involved sev-
eral latent variables, so the ideal method for this case is PLS-PM. Second, in the PLS-PM 
method, there is no prerequisite for a minimum sample. For instance, the SEM method 
has a minimum requirement sample of 100–150 (Schumacker and Lomax 2010). This 
study used around 100 samples, so PLS-PM is a fit for this research.

A PLS-PM comprises two elements. First, there is a structural model (used to call the 
inner model in the context of PLS-PM) that defines the constructs. The structural model 
also shows the connection (paths) between the constructs. Second, there are the meas-
urement models (also referred to as the outer models in PLS-PM) of the constructs that 
define the connection between the constructs and the indicator variables (Hair et  al. 
2014) (Fig. 5).

2.5  Evaluation measurement model

Measurement models are evaluated according to convergent validity, discriminant valid-
ity, and internal consistency reliability. Convergent validity is the extent to which a meas-
ure connects positively with alternative measures of the same construct. To demonstrate 
convergent validity, researchers consider the outer loadings of the indicators, as well as 
the average variance extracted (AVE). An AVE value of 0.50 or higher indicates that, on 
average, the construct illustrates more than half of the variance of its indicators (Chin 
1998; Hair et al. 2014).

Fig. 5 Structural model and measurement model. Source: Author Data
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Discriminant validity is the extent to which a construct is truly different from other 
constructs by empirical standards. Two measures of discriminant validity have been pro-
posed. One method for assessing discriminant validity is by testing the cross-loadings of 
the indicators (Henseler et al. 2015); the second is the Fornell–Larcker criterion (Hair 
et al. 2014). The cross-loadings were used in this research.

Internal consistency is measured through two criterions. The first criterion to be 
determined is typically internal consistency reliability. The traditional criterion for inter-
nal consistency is based on Cronbach’s alpha, which supplies an appraisal of the reli-
ability based on the interrelations of the observed indicator variables (Sage Publication 
2017). The second is composite reliability. The composite reliability varies between 0 and 
1, with higher values showing higher levels of reliability. Particularly, composite reliabil-
ity values in the range of 0.60 to 0.70 are adequate in exploratory research; meanwhile, 
in the case of more high-level research, values ranging between 0. 70 and 0.90 are con-
sidered satisfactory (Nunnally and Bernstein 1994). However, values above 0.90 (and 
definitely > 0.95) are not desirable because this shows the whole indicator variables to be 
examining the same phenomenon and, for that reason, it is not a fit measurement of the 
construct.

2.6  Accessing structural model

The structural model is accessed by an R-square value and goodness of fit (GoF). The 
most familiar measurement for judging the structural model is the coefficient of determi-
nation (R-square value). This coefficient is a measure of the model’s predictive accuracy 
and is examined as the squared correlation between the special endogenous construct’s 
actual and predicted values. The R-square value ranges from 0 to 1 with higher levels 
considered to show higher levels of predictive accuracy (Hadi et al. 2016).

Tenenhaus et al. (2005) proposed a PLS goodness-of-fit (GoF) index as ‘an operational 
solution to this problem as it may be meant as an index for validating the PLS model 
globally’. The goodness of fit (GoF) describes how well the model meets a set of observa-
tions. The greater the value of GoF, the better the fit of the model.

3  Results
3.1  Respondents’ profiles

As mentioned above, the total of number of respondents was 99 companies (N=99). 
This consists of six assembler companies, 59 tier-1 companies, and 34 tier-2 companies. 
The respondents’ profile details are displayed in Table 2.

Most of the respondent sales are in the range of 2.5 trillion to less than 50 trillion IDR 
(Indonesia Rupiahs); this covers 35.7% of respondents. The second range is more than 
50 trillion IDR. The sales codification above is based on the Ministry of Cooperative and 
Small–Medium Enterprises of Indonesia range. Around 13.3% of respondents declined 
to give an answer.

The majority of respondents are from Bekasi City (76.6%), followed by DKI Jakarta 
City in second place (10.2%), with the smallest number of respondents coming from 
Depok City (1%). Based on field observations, it is understandable that Bekasi con-
tains the majority of respondents, as there are several industrial areas in Bekasi City. 
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The author observed that there are at least seven industrial areas in Bekasi City: PT 
Hyundai Inti Development Park Dae Woo, PT Bekasi Fadjar Hungkang, PT Cika-
rang Industrial Estate (Jababeka), PT Lippo Cikarang, PT East Jakarta Industrial 
Park (EJIP), PT. Delta Mas, and PT Megapolis Manunggal Industrial Development 
(MM2100).

Regarding the link duration of the supplier–buyer relationship, the share of distribu-
tion is equally distributed. The highest link duration is a 5–10-year relationship (33.7%), 
followed a 3–5-year relationship (20.4%) and a 10–15-year relationship (18.4%), as 
shown in Table 2.

Based on the author’s field research, most assembler companies are located in Jakarta. 
In order to access end-customer, it is understandable most assembler (OEM) compa-
nies decided to locate the headquarters and production base in Jakarta. Meanwhile 
for supplier most tier-1 and tier-2 located outside Jakarta city, their production base 
mostly located in Bekasi (more than 75%). Detail number of tier-1, tier-2 and assembler 
are shown in Table 3. One reason why tier-1 and tier-2 companies are located outside 
Jakarta city, looking for cheaper land price that too expensive in Jakarta City and also 
seeking minimum regional wages (UMR) lower than Jakarta City. Based on observation, 
the author found that most tier-1 companies have characteristics like their product is 
more sophisticated, specific, and complex than those of tier-2 companies. Most tier-1 
productions are located in industrial park, especially that located in Bekasi City. Sev-
eral tier-1 companies are joint-venture companies (for example partnership companies 
between Indonesia and Japan). Meanwhile, tier-2 companies relatively are smaller than 
tier-1 companies; most of them produce more ‘general product’ and relatively imple-
ment smaller technological content. Several tier-2 companies typically have ‘workshop-
style’ place and have limited and smaller machines compared to tier-1 companies. Most 

Table 2 Respondents’ profiles. Source: Author Field Research

Company type Frequency Percentage

Assembler 6 6.06

Tier-1 59 59.59

Tier-2 34 34.34

Location (city) Jakarta 10 10.10

Bogor 9 9.09

Depok 1 1.01

Tangerang 1 1.01

Bekasi 75 75.75

Karawang 3 3.03

Sales Less than 300 million IDR 2 2.02

300 million–2.5 trillion IDR 18 18.18

2.5–50 trillion IDR 35 35.35

More than 50 trillion IDR 31 31.31

Neglect to answer 13 13.13

Link duration (length of 
relation)

2–3 years 16 16.16

3–5 years 20 20.20

5–10 years 33 33.33

10–15 years 19 19.19

More than 15 years 11 11.11
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of the tier-2 companies are owned by local people (Indonesian), and the owner/head of 
tier-2 companies used to work to assembler or tier-1 companies before.

4  Results
In PLS-PM, there are two models that are evaluated, the outer model and the inner 
model. The purpose of evaluating the outer model is to examine the relation between 
indicators and their latent variables. Meanwhile, the evaluation goal of the inner 
model is to measure the relation among latent variables (Hair et al. 2014).

The validity scores of indicators are measured by loading factors, cross-loading, and 
AVE. An indicator is valid if it has a loading factor of > 0.7, cross-loading is valid if 
each indicator that measures latent variables has a higher score than other constructs, 
and the AVE score is > 0.5 (Hair et al. 2014; Abdillah and Jogiyanto 2015).

Table 3 Type of company based on production location. Source: Author Field Research

Production location Total

Jakarta Bogor Depok Tangerang Bekasi Karawang

Type of company

 Assembler 4 0 0 0 1 1 6

 Tier-1 4 3 1 1 48 2 59

 Tier-2 2 6 0 0 26 0 34

Total 10 9 1 1 75 3 99

Table 4 Validity test. Source: Author Data, Smart PLS 3.2.7

No. Item indicators Loading factor Description

1. Government role (GR1) 0.865 Valid

2. Government role (GR2) 0.851 Valid

3. Government role (GR3) 0.765 Valid

4. Government role (GR4) 0.765 Valid

5. Government role (GR5) 0.724 Valid

6. Technology transfer (TT1) 0.753 Valid

7. Technology transfer (TT2) 0.707 Valid

8. Technology transfer (TT3) 0.842 Valid

9. Technology transfer (TT4) 0.746 Valid

10. Technical exchange (TE1) 0.750 Valid

11. Technical exchange (TE2) 0.774 Valid

12. Technical exchange (TE3) 0.778 Valid

13. Technical exchange (TE4) 0.753 Valid

14. Technical exchange (TE5) 0.719 Valid

15. Technical exchange (TE6) 0.625 Valid

16. Supplier performance improvement (SPI1) 0.803 Valid

17. Supplier performance improvement (SPI2) 0.854 Valid

18. Supplier performance improvement (SPI3) 0.828 Valid

29. Supplier performance improvement (SPI4) 0.830 Valid



Page 16 of 25Syah  Economic Structures            (2019) 8:33 

Based on the results of the processed data, all loading factors are > 0.7, except for 
loading factor TE6 (0.62, which means < 0.7). So, for this study, indicator TE6 does 
not drop out because its latent variable has an AVE score > 0.5 (Details presented in 
Table 4).

4.1  Convergent validity test

The results of the AVE scores showed that all latent variables have an AVE score of 
more than 0.5. This means that all indicators are valid, as shown in Table 5.

4.2  Discriminant validity

The purpose of discriminant validity is to test that an indicator that measures one 
latent variable is not used for other latent variables. The result of discriminant validity 
in Table 6 shows that each cross-loading of a latent variable is higher than other latent 

Table 5 Average variance extracted (AVE). Source: Author data, Smart PLS 3.2.7

Latent variables Average variance 
extracted (AVE)

Government role (GR) 0.634

Technology transfer (TT) 0.583

Technical exchange (TE) 0.540

Supplier performance improvement (SPI) 0.687

Table 6 Cross-loading. Source: Author data, Smart PLS 3.2.7

Indicators Government role Supplier performance 
improvement

Technology 
transfer

Technical 
exchange

GR1 0.865 0.289 0.358 0.255

GR2 0.851 0.287 0.313 0.223

GR3 0.765 0.192 0.247 0.246

GR4 0.765 0.288 0.379 0.295

GR5 0.724 0.170 0.243 0.173

SPI1 0.319 0.803 0.373 0.298

SPI2 0.253 0.854 0.329 0.418

SPI3 0.203 0.828 0.476 0.452

SPI4 0.291 0.830 0.462 0.392

TE1 0.356 0.387 0.561 0.750

TE2 0.179 0.369 0.601 0.774

TE3 0.308 0.342 0.567 0.778

TE4 0.293 0.370 0.486 0.753

TE5 0.142 0.370 0.562 0.719

TE6 -0.043 0.201 0.479 0.625

TT1 0.289 0.285 0.753 0.529

TT2 0.254 0.274 0.707 0.473

TT3 0.339 0.521 0.842 0.618

TT4 0.321 0.383 0.746 0.614
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variables. It means that a latent variable and the indicators implemented in this research 
fulfil the requirement of discriminant validity. The italic values of variable show that the 
values are bigger comparing to other variable, Table 6 shows that indicators from GR1 
until GR5 are fit to measure the latent variables of government role, SPI1 until SPI4 indi-
cators are fit to measure the latent variables of supplier performance improvement, TE1 
until TE6 indicators are fit to measure the latent variables of technical exchange, and 
TT1 until TT4 indicators are fit to measure the latent variables of technology transfer. 
All measurements that are not supposed to be connected are not actually unconnected 
(Details are proved in Table 6). 

4.3  Internal consistency reliability test

Reliability test refers to the degree to which a test is compatible and consistent in meas-
uring what it is expected to measure. Reliability test uses Cronbach’s alpha and com-
posite reliability. A set of indicators is reliable if it has a Cronbach’s alpha value of more 
than 0.7 and a composite reliability value of more than 0.7. Table 7 shows that all sets of 
indicators are reliable, meaning indicators are consistent and stable in measuring latent 
variables.

4.4  Path coefficient test

Path coefficient test is a tool to measure the influence between latent variables. The cri-
teria decision is measured by:

Reject H0 if t value > t table or reject if p value < alpha (0.1).
If the p-value is less than 0.1, the path coefficient is significant.
Based on the data shown in Table 8, the study found that:

Table 7 Internal consistency reliability test. Source: Author Data, Smart PLS 3.2.7

Latent variable Cronbach’s alpha Composite reliability Conclusions

Government role 0.855 0.896 Reliable

Technology transfer 0.849 0.898 Reliable

Technical exchange 0.766 0.848 Reliable

Supplier performance improve-
ment

0.830 0.875 Reliable

Table 8 Path coefficient test. Source: Author data, Smart PLS 3.2.7

*p value < 0.1, **p value < 0.05, ***p value < 0.01

Path Path coefficient t value p value

GR → TT H1 0.398 4.854 0.000***

GR → SPI H2 0.139 1.346 0.179

TT → SPI H3 0.278 1.914 0.056*

TE → SPI H4 0.227 1.791 0.074*
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1. There is a significant impact of government role (GR) on technology transfer (TT). 
The p value is 0.00 in Table 7. So, the first hypothesis (H1) of this study shows a posi-
tive relationship between government role and transfer technology.

2. There is no significant impact of government role (GR) on supplier performance 
improvement (SPI). The p-value is 0.179 > 0.1, meaning that the path coefficient is 
bigger than 0.1. So, the second hypothesis (H2) of this study shows no significant 
impact of government role on supplier performance improvement.

3. There is a significant impact of technology transfer (TT) on supplier performance 
improvement (SPI). The p-value is 0.056 based on the result above. So, the third 
hypothesis (H3) of this study shows a positive relationship between technology 
transfer and supplier performance improvement in alpha 10%. This means that its 
implication is not as strong as the impact of government role (GR) on technology 
transfer (TT).

4. There is a significant impact of technical exchange (TE) on supplier perfor-
mance improvement (SPI). The p-value is 0.074 based on the result above. So, the 
fourth hypothesis (H4) of this study shows a positive relationship between techni-
cal exchange and supplier performance improvement in alpha 10%. Similar to the 
impact of TT on SPI above, the impact of technical exchange (TE) on SPI is also not 
as strong as the impact of government role (GR) on technology transfer (TT).

The results of the overall research are described below:
Structural Eq. 1

Structural Eq. 2

Goodness-of-fit (GoF) model = 37.03%. As such, this means that the overall result of 
this research can explain 37.03% of the relation among government role, technology 
transfer, technical exchange, and supplier performance improvement. If the result of the 
GoF model value is more than 0.36, it is categorized as a ‘good model’ according to Wet-
zels et al. (2009).

5  Discussion
The results of the analysis examining the linkage between government role and tech-
nology transfer are shown in Fig. 6, indicating that there is a positive influence of gov-
ernment role on transfer technology. The significant role of government on transfer 
technology is consistent with the prior research cases of China (Chu 2011), India (Tiwari 
et  al. 2011), the case of the Thai car industry (Lecler 2002), and the case of Malaysia 
(Sadoi 2013). In the case of the automotive industry in Jabodetabek, Indonesia, the study 
found that government role has a significant impact on transfer technology. Besides 
solid government role, especially in the area of policy, based on field investigation, the 
author also sees the influence of Japanese technology transfer and human resource qual-
ities as playing an important role. Most of the assembler, tier-1, and tier-2 companies 

T̂T = 0.398 ĜR + withR-square = 15.82%

ŜPI = 0.278 T̂T+ 0.227T̂E+ 0.139ĜRwithR-square = 29.09%

Goodness of Fit (GoF)Model = 37.03%
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that operate in Jabodetabek are affiliated with Japanese companies. The role of Japanese 
industrialization was largely accumulated in the automotive industries. Results from 
observation in the field are similar to previous studies (Koike and Inoki 1990; Busser and 
Sadoi 2004). The other factors also show that many highly competent human resources 
working in the industries also played a significant role. Many employees who work in the 
automotive industry in Jabodetabek have strong professional backgrounds. However, the 
study also found insignificant implications between government role and supplier per-
formance improvement in the automotive industry in Jabodetabek. Based on field obser-
vations and interviews with respondents, the author has several possible explanations. 
First, several respondents, especially from tier-2 companies, revealed that training assis-
tant programs provided by government to their employees did not meet their needs. 
Many tier-2 companies are from small–medium-sized companies, as providing techni-
cal training is beyond of the budget of many tier-2 companies. Tier-2 companies expect 
the latest technical training support from government. Government provides technical 
training for SMEs. However, it seems that government’s training support does not meet 
their expectations. Second, several respondents of tier-2 companies also insisted that 
government should provide more soft loans to back up their businesses. Competition 
in the automotive industry is extremely fierce. Meet to tier-1 company requirements or 
orders and improving their speed, accuracy, quality, cost and delivery (QCD) are strate-
gic necessity. They mentioned that soft loan availability was needed mostly to buy new 
technology (machines, tools, etc.) and for working capital if they receive high quantities 
of goods from buyers (tier-1 companies).

The study also revealed that, even though it is not high, the technology transfer pro-
cess inside automotive industry in Jabodetabek has a positive impact on supplier 

Fig. 6 Result. Source: Author Data, Smart PLS 3.2.7
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performance improvement. As mentioned earlier, the role of Japanese industrializa-
tion was accumulated largely in the automotive industry in the Jabodetabek area, while 
the author’s observations also revealed that acquisition skill and investment in human 
resources played a significant role. Several tier-2 owners met by the author in the Jabo-
detabek cluster area are ‘alumni’ of Japanese automotive groups. They worked in one of 
the automotive companies for several years before building their own supplier company 
(tier-2). This phenomenon shows that the acquisition process and investment in human 
resources have occurred in the automotive industry in the Jabodetabek area. This phe-
nomenon also happened in the case of the Malaysian automotive industry (Sadoi 2013).

Last, this study also found that there was a positive relation between technical 
exchange and supplier performance improvement. The relation between technical 
exchange and suppliers–buyers relationship in Jabodetabek is strong enough, espe-
cially the relation between assembler and tier-1 companies. This condition has been 
validated by Irawati and Charles (2010) who conducted research regarding involve-
ment of MNEs in the Indonesian automotive cluster. In some cases, to inspect and 
to guarantee the quality of the product, they exchange information among their 
technical staff. The high frequency of contact between them builds a level of trust 
between each other. This result has similarity to a previous study showing that 
incoming knowledge spillovers from buyers positively affect supplier trust in the 
vertical relationship in the Jabodetabek automotive cluster (Bonte 2008). Also, this 
result confirmed the finding reported by Sako and Helper (1998), where information 
movement to suppliers was shown to have a positive impact on trust; moreover, suc-
cessful alliances between companies led to beneficial technology transfer and knowl-
edge between them in the case of the Iranian automotive industry (Rezazadeh and 
Mahjoub 2016).

6  Conclusion
This study reveals that the study regarding the identification of vertical partner-
ships in the automotive sector in Jabodetabek, Indonesia, has significant relations 
between government role and technology transfer, technology transfer and sup-
plier performance improvement, and technical exchange and supplier performance 
improvement. However, there was no significant relation between government role 
and supplier performance improvement.

1. There is a significant impact of government role on technology transfer. This means 
that the Indonesian government has played a significant role in the transfer of tech-
nology in the automotive sector in Jabodetabek. Assembler, tier-1, and tier-2 compa-
nies perceive that the Indonesian government plays a significant role. In a nutshell, 
government role has a positive influence on technology transfer. Moreover, govern-
ment role has successfully initiated technology transfer.

2. The study found that there was no significant role of government in supplier per-
formance improvement. The assembler, tier-1, and tier-2 companies do not think or 
perceive that government role significantly affects supplier performance improve-
ment.
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3. The variable of technology transfer has a positive impact on supplier performance 
improvement. It means that even in small quantities, transfer of technology from 
assembler companies to tier-1 companies and from tier-1 companies to tier-2 com-
panies positively increases their supplier performance improvement in Jabodetabek, 
Indonesia.

4. There is a significant impact of technical exchange on supplier performance improve-
ment. Technical exchange from assembler companies to tier-1 companies and from 
tier-1 companies to tier-2 companies leads to their performance improvement.

6.1  Recommendations

Recommendations in this research are addressed to all management employees of 
automotive companies in Jabodetabek, Indonesia, automotive associations (PIKKO 
and KIKO), and Indonesian government institutions like the Ministry of Industries 
(Kemenperin) and the Ministry of Cooperative and Small–Medium Enterprises 
(Kemenkop UKM). All these institutions are expected to contribute their full support 
to the automotive industry, especially in the face of fierce competition in the ASEAN 
Economic Community that began at the start of 2016.

In order to strengthen local automotive industries, tier-2 companies in particu-
lar, of which the majority are SMEs, government should actively conduct technical 
skills training based on their continuous needs. Based on interviews with respond-
ents, tier-2 companies also need business mentoring facilitation by government. The 
author also suggests that government should initiate an industrial bank that has a 
special purpose of providing affordable loans to them, since most of them are SMEs.

7  Future research
The empirical results of the present investigation of the Indonesian automotive indus-
try offer insights for further research. First, it is recommended that future research 
should measure more specific relations between assembler and tier-1 companies and 
between tier-1 companies and tier-2 companies. Because each tier-1 and tier-2 com-
pany has a different economic scale and financial capabilities, differentiated measure-
ment between them will give more comprehensive results. Second, since this study 
found that there was a negative relation between technology transfer and supplier 
performance improvement, further elaborating research is needed to find the main 
cause.
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Appendix
Average variance extracted (AVE)

where AVE average variance extracted, λi loading factor point i, and var(εi) = variance of 
error point i (Henseler et al. 2015).

Cronbach’s alpha

whereα = Cronbach’s alpha, k = number of indicators,σ i2 = variance of indicator point i, 
where i = 1…k, and σ 2t total variance of set indicator’s (Cronbach 1951).

Composite reliability

where ρc composite reliability and �i = loading factor point i, where i = 1…k (Henseler 
et al. 2015).

R‑square value
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where SS = sum square.

Goodness of fit (GoF)

where com = 1
k

∑
�
2
i  , GoF = goodness of fit, com = average of communality, �i = loading 

factor point i, and k = number of indicators (Henseler and Sarstedt 2013; Chin 2010).

t test

 

t = t value, γ = path coefficient, and SE = standard of error.

Algorithm of partial least squares

Algorithm of PLS-PM involves a few steps. The steps of the algorithm are as follows 
(Monecke and Leisch 2012):

1. Step 1 Initialization
2. Step 2 Approximation
3. Step 3 Outer approximation
4. Step 4 Calculation of factor score
5. Step 5 Convergence, if failed back to step 2 (approximation).

Formula and equation

Inner model formula

Outer model formula:

GoF =
√
com× R̄2

t =
γ̂i

SE
(
γ̂i
)

(1)TT = γ11GR+ ζ1

(2)SPI = γ12GR+ γ21TT+ γ22TE+ ζ2

(3)
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