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Project-based Foreign Language Training Programme for Chinese Companies and
Organisations: Towards Effective International Communication Strategy
Zhou Zhen', Wu Tingting’

(1 Professor in English, Ningxia University, P.R. China, 2 Postgraduate Student in Applied
Linguistic, Ningxia University, P.R.China)

1. Introduction

Foreign language training is becoming big business in China, particularly in English, as
the language of global commerce (Gross, 1998; Jin, 2003; Liu, 2006; Nunan, 2002).
Foreign language training is compulsory in many organisations (Hu, 2002a; Ireland,
1991). People of different professionals are learning the foreign language and taking it as
a tool or a path to build a better career in future (Jin, 2003; Kealey, 2009). The demand
for personnel with foreign language competences has resulted in increased demand for a
professional layer of personnel with the competences relevant to operating in an
international market economy. Many local enterprises such as Bank of China, People’s
Insurance Company of China (PICC) and some large companies such as the China
Petroleum Company (China-Pre.) ceaselessly encouraging foreign language training

programmes for their staff development (ChinaGate, 2011; Xinhua, 2011).

However, have these endeavours brought immediate benefits to Chinese companies and
organisations? Or have Chinese managers and staff been slow to develop as planned
and taken time to review the programmes run in the past? Have they ever considered the
effectiveness of these programmes, and have they ever thought how to improve them?
All these questions have been challenging Chinese companies and organisations (Jiang,

2008; Liu, 2006; Wozniak, 2003).

Educational institutions across the world have struggled to design appropriate foreign
language training programmes for Chinese companies and organisations. Many models
have been proposed and put into practice. However, little work has focussed attention on

the actual needs of Chinese staff and the real demands of Chinese organizations and



companies, so there is a continuing dilemma in terms of satisfying expectations of both

training providers and trainees.

This paper will account for the development and test of a project-based foreign language
training model for Chinese employees. The model aims to develop the ability of foreign
language training suppliers to establish a management strategy for project-based training

involving international educational communication.

II. Literature Review

2.1 Background

The rapid growth of international businesses in China has resulted in a severe shortage in
the supply of advanced technology, human resources and training management to keep
pace with this development (Chen et al., 2000; Gross, 1998; Kong et al., 1989). As a
result of these shortages, many of China’s companies and organisations face the challenge
of how to train individuals effectively who could easily put their efforts to the
development of their companies and organisations and how to address cultural issues to
them. As the reports carries on, Chinese companies, internationally active companies in
particular, in China were reporting a distinct lack of satisfaction with the training services
provided there (Dalton, 2008). So one of the key problems is how to train effectively and

have appropriate pedagogic methods available to Chinese companies.

2.2 English language education in China

Great changes had taken place in Chinese English language education over the last two
decades. In 1987, with the “open door” and “Four Modernisations” policies, foreign
language education figured prominently in the drive for modernisation (Adamson &
Morris, 1997). It was recognised that access to international know-how, knowledge and
strategy needed to be a target for the Chinese economic drive, which would trigger a large
pool of personnel to achieve proficiencies in foreign languages. After the Cultural
Revolution, foreign language education expanded to all levels of schooling, and became
an integral part of the modernization drive and globalisation (Hu, 2005a). In the mid-

1980s, foreign language education has been playing an increasingly important role in
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China with English as a lingua franca particularly for such areas as business, information

accessibility, the Internet, cultural exchange.

Nevertheless, with the increasing demand of English language education, more
challenges are to be solved as well. Firstly, along with the wave of education reform,
China has additionally been faced with a shortage of personnel with English skills.
Secondly, there are a growing number of managers from various companies and
organisations engaged in multicultural communication who are no longer satisfied with
more general skills of personnel produced by universities (Graddol, 2002; Hu, 2005).

A large-scale survey conducted under the auspices of the State Education Commission
revealed that the English proficiency and quality of the students in higher education
surveyed was disappointingly low, although they had studied English for as much as 10
years or even more (Lin, 2002). Therefore, improving the quality of English language
teaching and learning and creating an innovative pedagogy for Chinese adults are the key
points to make positive changes in training for Chinese personnel. In addition, it is also
essential to promote collaboration with international society in order to make full use of
the well-established advanced facilities abroad to make good the shortage in Chinese

higher education and to ensure professional training strategy is upgraded.

The Chinese government attempts to resolve the issue by importing training resources
abroad (Zhang, 2003). According to Xinhua (2010), the official press agency of the
government of the People's Republic of China, there have been short-term training
courses abroad for about 8000 leaders from different levels of Chinese government since
1992; many other such programmes are still underway through collaborative strategies
with the USA, the UK, Australia, Japan, New Zealand and other countries (Xinhua, 2010).
Chinese people have been aware of the benefits and believe training staff in English is

making for a more talent-focused workforce (Dalton, 2008).

Meanwhile, the result of recent research carried out by Universal Ideas, a management
training consultants has clearly demonstrated and quantified these sentiments. It showed
that there were just three per cent of companies reporting that current providers were fully

able to meet their training needs. The areas of greatest perceived weakness were training
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model, leadership and strategic management (Anon, 2006, p.70). Following on from this
research, some 81 per cent of companies stated that they would like to take foreign
language training as the priority for their organisation’s development as language skill
training also featured as one of the top wishes. This is perhaps not surprising in that it
relates to senior management where these skills might be expected to exist in the long run

for those companies which might be expected to struggle to achieve improvement (Kealey,

2009).

2.3 Chinese learning styles

In terms of an appropriate training programme for Chinese staff through international
collaboration, it is also crucial to identify their learning styles. Wang (2008) states that
the outstanding learning characteristic of adult learners is that they have work
responsibility. As for Chinese adult learners who have been influenced deeply by
Confucianism, they receive learning from the teacher rather than discovered by
themselves (Harshbarger, 1986), prefer conducting a field study independently (Littrell,
2005) and show great reflection rather than awareness of feelings of others (Anderson,
1993). They usually prefer sitting in lectures and using standardised learning materials to
discussions, and like their courses to be well organised and clear, and their instructors to

be authoritative figures in the field (Bash, 2003; Brookfield, 2006; Elias, 2005).

So designing a suitable foreign language training programme and matching appropriate
teaching approaches with Chinese adult learning styles, along with embracing as
inclusively as possible the value systems within its management approach, can enhance

effectiveness and facilitate achievement (Brown, 1994).

I1I. Theoretical framework

3.1 Two-tier levels model

To identify the actual training needs from Chinese companies and organisations, an initial
research was conducted by the researcher among three Chinese companies (No. 4 Oil
Production at Changqing Oil Company China, Ningxia FAJ Bearing Joint Venture and
Intel Technology Development (Shanghai) Co. with large presences in northwest China

and Shanghai). Some of the actual needs and issues faced by Chinese companies were
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revealed. They are: 1) Training needs analysis, 2) Motivations, 3) Maintaining self-
esteem, 4) Effectiveness and Quality assurance. It indicates the necessity to moderate the
current training programmes for Chinese managers and staff in order to carry out the
companies’ development mission. Therefore, an innovative project-based foreign

language training model for Chinese employees is generated.

The intention of the model is to provide an accessible approach to illustrate the
relationship between several interrelated concepts which are integrated in the novel
proposed model. The model is designed in accordance with the current trend of
international cooperation with Chinese partners, coping with culture issues and meeting
the objectives of Chinese organisational development scheme, with the aim of developing

a language training model at a strategic level.

The proposed model is designed as a cycle, as the whole project is designed to begin with
the first tier project and end with the second. Completing the second tier project is
intended to lead to re-generation of the first. So the project triggers the management of
the training programme by beginning with identification of staff foreign language needs,

which is essential to the success of implementing the training programme.
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Figure 3-1 First-tier project (FTP)

Source: Author’s diagram

The first tier is to look at how staff are effectively managing to achieve their learning task

through an individualised approach. The process of creating their own learning objectives



can be seen as individual project-based creation. The individual learning objectives

consist of foreign language proficiency improvement, work-related skills and other

relevant abilities required by their organisations. As Beckett (2006) and Turner (1993)

stated: one needs to think more effectively about what will influence the success of one’s

project at the early stage. Apart from this, uncertainty about a programme will inevitably

introduce high risk once the project is underway. In view of this, the first-tier project of

building a trainee’s individual project and its approval is becoming increasingly important

as it determines the success of launching a training programme and therefore play the role

of a milestone plan which results in the second-tier project derived later.
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The second tier of the project attempts to generate a model that is used to implement the

programme for training Chinese staff. In this respect, theory-framing draws upon the



social-cultural tradition of learning and teaching - “project-based learning” — an
inseparable part of learning which will be carried across the whole programme. This
theoretical orientation of project-based foreign language learning and teaching refers to
the assumptions of engaging in time-limited projects to achieve pre-specified or emergent
performance objectives, which have been initially formulated in the first tier project, to
make sure the implementation of the programme facilitates individual and collective

learning (Cohen, 1991).

3.2 Testing the two-tier levels model

The following 8 research propositions or hypotheses provide a framework for testing two
proposed frameworks and for organising the resultant research results and conclusions
that will be further discussed.

P1 — P4 are related to addressing the first-tier framework — building-up an individual

task-based project

P1. Chinese companies will embrace a foreign language training programme if it
starts by creating a project individually and independently prior to actual

implementation.

P2. An effective individual project would be created and welcomed by Chinese
companies if it is based on learner’s language skill needs and technical skills related

to the work place.

P3. Chinese companies are interested in launching a foreign language training

programme if it aims to enhance professional skills and technical ability.

P4. Chinese companies and organisations would like to launch a foreign language
training programme if it aims to develop communicative, reading and writing

abilities and cultural awareness.



P5 — P8 are related to second-tier framework of programme implementation and

evaluations

P5. Chinese employees will be more interested in foreign language training
programme if the pedagogic style is to combine formal instruction and self-directed

learning.

P6. Foreign language training programmes will be of more interest if they aim to

develop the trainees’ ability to solve problems which closely relate to their real work.

P7. Chinese staff and managers will be more interested in training programmes if
regular reports about the progress of trainees and ongoing negotiation over course

content is required to be incorporated into the training programme.

P8. Quality of the programme will be assured if Chinese managers and programme
providers are jointly involved in the evaluation either at the stage of generating the

learning project or at the end of the programme.

IIII. Research methodology
4.1 Research Scheme

A mixed method of combining quantitative and qualitative analysis was employed in the
research, using questionnaires and interviews. Two hundred and fifty questionnaires for
(non-managerial) staff were sent to eight companies and organisations and 136 responses
were received, a return rate of 54.4%. Of the eight questionnaires for managers, eight
came back, with a 100% rate of response. Based on the results of the questionnaire survey,
eight interviews with eight managers from surveyed companies and organisations were
conducted to clarify their opinions of the language training programmes they have
encountered. The follow-up interviews were also arranged to explore the questions in

depth.



For the quantitative research, the questionnaire was designed to investigate issues linked
to all proposed propositions. To analyse the results, a range of statistical tests was adopted.
As most of the observed data are not normally distributed, a range of non-parametric
statistical methods was adopted. To ensure the reliability and confidence of the
quantitative analysis in this research, the exact test of PASW (Predictive Analysis

Software for Social Science) and relevant effect size were used.

Although the quantitative analysis helps to verify the observed data, it cannot explain the
reasons behind the statistical figures. Qualitative analysis has to be used to explore the
areas where the propositions are rejected or in order to add additional detail where
significantly different results emerge from comparison of attitudes between managers and
staff. Propositions that are disconfirmed were examined to establish the underlying
dynamics. Coding of the qualitative data was conducted to code the interview content
with NVivo 8 (a computer-assisted qualitative data analysis software programme) after

transcription.

4.2 Sample

Eight companies and organisations from Western China were selected for the survey.
They are Ningxia Schaeffler Bearings Company, Bank of China (Ningxia Branch), China
Chamber of International Commerce Yinchuan, Chamber of Commerce, Industrial and
Commercial Bank (Ningxia Branch), Organisation Department of Ningxia, Ningxia
University, Intel Technology Development (Shanghai) Co. and China Oriental Group.
Four companies from the samples were state enterprises and another four were private
enterprises. All of them have been included in the survey based on the selective criteria
that they have business links with other countries and also they have schemes of foreign
language training and have experience of managing foreign language training

programmes for their staff over past 10 years.



4.3 Data collection

To ensure better quality and proper validity when conducting a survey in China and also
to improve the quality of data on the attitudes to training programmes through an
international communicative strategy, the study adopted the key informant method
(Phillips, 1981; Schlevogt, 2000a), as recommended when necessity dictates. The
questionnaire was conducted through the informants for the companies and organisations
investigated who distributed the well-bound standardised questionnaire to the
respondents; every respondent answered the questions individually, and then returned the
completed questionnaire to the informant directly. For the sake of validity and objectivity
(Black, 1999), all respondents were allowed to take the questionnaire away so that they
could fill it on their own without intervention of other people and without too many time
restrictions (Black, 1999; Bredget, 2006). Usually they were given one to three months

to work on them.

V. Data analysis
5.1 Analysis of quantitative data

A variety of statistics tests including reliability analysis, Kolmogorov-Smirnov (K-S) test,
correlation coefficient, one sample t-test, two related samples test, and non-parametric
sign test are used to analyse the questionnaires of both managers and staff, and the

comparison between the two groups.

Cronbach’s alpha was used to measure internal reliability and inner consistency of the
questions. In this research, the results of measuring internal reliability for each item of
the staff responses lie in the range of 0.766 to 0.787, which indicates that the internal
consistency of all dimensions is high enough to be acceptable so that the questions will

be reliable to test the properties of the variables.
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5.1.1 Quantitative Data analysis

centred learning.

Research Analysis of Staff data Decision | Comparison Decision
proposition/hypothesis - between Staff

Analysis of Manager’s and Managers/

data the size of effect
P1. Chinese companies | One-Sample Null Mann-Whitney U | Proposition
will embrace a foreign | Kolmogorov-Smirnov hypothesis | (Exact. Sig. 2- regarding
language training Test. Sig. .007 rejected tailed: .059) individual
programme if it starts [ The One-Sample t-test. needs
with a project-created | Sig..000 creation is
individually and supported
independently prior to
actual implementation.
P2. An effective Related-Samples Null
individual project will | Wilcoxon Signed Ranks | hypothesis
be created if it is based | Test. Sig. .053 rejected
on learner’s language | The Related samples
skills needs and sign test Sig..004
technical skills related
to the work place.
P3.Chinese companies | The One-Sample Null
are interested in Kolmogorov-Smirnov hypothesis
launching a foreign Sig..000; rejected
language training One-Sample
programme if it aims | Kolmogorov-Smirnov
to enhance Test Sig..047
professional skills and
technical ability.
P4.Chinese companies | Spearman’s rho Less The Mann- Further
or organizations will | (.156, .122 and .152) association | Whitney U test [ investigatio
likely trigger a foreign | (LCA, CA and FLS) and Null | Exact. n needs to
language training The one-sample t test hypothesis | Sig. (2- be explored
programme if it aims | Sig..343 retained tailed): .057(LC |in the
to develop language A); .014(CA) interview
communication ability, analysis
reading and writing
abilities and cultural
awareness.
P5. Chinese employees | The Wilcoxon Signed Null The Mann- Further
will be more interested | Ranks test. Exact Sig. hypothesis | Whitney U test [ investigatio
in foreign language 551 rejected Exact. n needs to
training programme if | The Wilcoxon Signed Sig. (2- be explored
the pedagogic style is | Ranks test Sig. .257 tailed): .520 in the
to combine formal (FI); .037(SML) |interview
instruction and self- analysis
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will be jointly
involved in the
evaluation either at the
stage of generating the
learning project or at
the end of the
programme.

P6. Foreign language [ One-Sample Null The Mann- Proposition
training programme Kolmogorov-Smirnov hypothesis | Whitney U test | regarding
will be of more interest [ Test Sig..000 rejected Exact. Sig. (2- PSA is
if they aim to develop tailed):.269 supported
the trainee’s ability to
solve problems which
closely relate to their
real work.
P7. Chinese companies | One-Sample Null The Mann- | Further
and organisations will | Kolmogorov-Smirnov hypothesis | Whitney U test | investigatio
be more interested in | Test. Sig..000 rejected Exact. Sig. (2-[nneedstobe
training programme if tailed): .028 (RR) | explored in
there is the the
requirement of regular interview
reports about the analysis
g Irlcc)lg(r)isgsoci)rtl‘gtralnees The Wilco_xon Signed

=2 Ranks test Sig. .004
negotiation 1in course
content incorporating
into the training
programme.
P8. For the purpose of | One-Sample Null The Mann- | Proposition
effective quality Kolmogorov-Smirnov hypothesis | Whitney U test | regarding
assurance, Chinese Test. Sig..000 rejected Exact. Sig. (2-]joint
managers and tailed): .339 evaluation is
programme providers supported

In summary, the results obtained from the statistical tests on each research proposition in

support of two-tier levels of the innovative model have revealed its effectiveness in major

aspects; but have also found it to be unsupportive and controversial findings in certain

facets, which will be elaborated in greater depth in the qualitative analysis below.

5.2 Qualitative analysis

Based on the quantitative results, interviews with eight Chinese managers from eight

representative companies and organisations were conducted to collect more primary data.
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The exploration of the primary data was based on identifying the possible answers for the
four questions posed in the interviews which were related to the actual needs in terms of
foreign language skills, culture awareness, self-managed learning, regular reports and
decision-making in designing an individual project-based foreign language training
programme. Take the analysis of actual needs in terms of foreign language skills as an

example, the results is presented as the following.

Table 5-3 Findings for training needs analysis

Economic operation Needs analysis

Manufacturing Productive skills (speaking/writing), job skills development

and business promotion

Financial Services

Higher Education Productive skills and mentality change
Goveljnm.e nt Mentality change
organisation

The analysis of the interview data was undertaken in an in-depth exploration in order to
address the five questions arising from the quantitative analysis. The findings have given
the research a deeper understanding of how rejection took place in terms of answering
questions about actual foreign language needs analysis, cultural awareness, self-managed
learning, regular reports and decision-making. These results will help the research

convincingly map out a comprehensive picture of the investigation.

VI. Results and discussion

6.1 Results of quantitative analysis

The results obtained from the statistical tests on each research proposition in support of
two-tier levels of the innovative model have revealed its effectiveness in major aspects;

but have also found it to be unsupportive and controversial findings in certain facets.
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The statistical analysis of staff and manager questionnaires in terms of generating an
individual project created individually and independently prior to actual implementation
has shown the consistency of the answers received from staff and mangers, which as a
result was in support of research proposition one. In terms of foreign language needs
analysis and work-related skills, and how to build up an effective individual project, the
results have also supported propositions two and three as responses from both staff and
managers are positive and also consistent with each other after statistical comparison.
Apart from these, for problem-solving abilities, joint engagement in the assessment and
pedagogy including formal instruction and self-managed learning, the results obtained
through analysis and the comparison between two groups were positively supportive of

propositions five, six and eight.

The results also partly supported proposition four, particularly in the aspects of language
communicative abilities. However, they also proved there were absolutely negative
attitudes towards the specific needs analysis including cultural awareness, specific
foreign language skills such as reading and writing skills, as the results obtained from
statistical analysis of both staff and managers’ answers have revealed that the null

hypothesis had to be retained.

In addition, the results for the comparison of two groups further raise the awareness of
the research to explore the unaddressed existing gaps in respect of the actual foreign
language needs for Chinese companies and organisations. The results have also exposed
the inconsistency between staff and mangers in terms of regular reports when the training
programmes are under way. It has clearly indicated that managers have higher

expectations from this aspect than staff.

Apart from this, the analysis of comparing both groups indicates that the attitudes on self-

managed learning between staff and managers are slightly different because manager’s
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attitudes support self-managed more than the staff do. In addition, the results gained in
the statistical analysis of decision-making for managers also proved to be controversial
as overall the managers show a preference for Chinese Confucius doctrine, in that they

are normally reluctant to commence a foreign language training programme.

In summary, the statistical results of the tests were supportive of research propositions
one, two, three, six and eight, and partly four, five and seven. The propositions designed
for testing the innovative model could quantify the theories based on the proposal of two-
tier levels of the training model. The analysis has actually confirmed the theoretical

framework in terms of designing a useful training programme for Chinese staff.

6.2 Results of qualitative analysis

The results of the five questions arising from the quantitative analysis have been further

explored in interviews and summarized as the following.

Firstly, many companies seemed to have focused on their training objectives and
productive skills. And the findings also show that there are numerous concerns in terms
of whether content related to foreign language learning is targeted to support the
development schemes of the training companies and organisations. Secondly, many
believe cultural awareness is a Western concept which would not make a great deal of
sense to both Chinese managers and staff. Thirdly, there is no correlation between the
different ownership of Chinese organisations and companies in terms of adopting self-
managed learning as a pedagogical teaching style in training programmes. Fourthly,
higher education and government organisations are keen on using regular reports as a way
to monitor the learning progress. Fifthly, although a wide range of relevant elements
influence decision-making, there are two kinds of characteristics attributed to decision-

making: bottom-up and top-down.
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In short, the interviews have given the research a deeper understanding of how rejection
took place in terms of answering questions about actual foreign language needs analysis,
cultural awareness, self-managed learning, regular reports and decision-making. These
results will help the research convincingly map out a comprehensive picture of the

investigation.

IV. Conclusion

In this research, a series of propositions have been generated based on the two-tier levels
of project-based training model designed, which is based on the literature review of
Chinese foreign language education, Chinese learning styles, organisational learning
objectives, project-based foreign language learning theories and existing programme
models. As a result, a number of successful outcomes relating to its aim and objectives
are found: Firstly, individual project creation by Chinese trainees is a creative approach
to meet learning objectives. Secondly, foreign language programmes need to aim to
develop work-related or professional skills alongside language skills rather than learning
the foreign language only. Thirdly, the divergence of perceptions in terms of training
needs analysis and on-going assessment among Chinese staff and managers is discovered.
Fourthly, pedagogic design needs to blend formal instruction and independent learning.
Fifthly, joint evaluation by bringing trainee, training providers and partners together
customises evaluation. Sixthly, decision-making within Chinese organisations and
companies involves top-down and bottom-up orientation. Additionally, understanding the
operational structure of a training partner is important to the success of implementing a

training programme through international educational management.

The overall findings of the research have provided information to foreign language
training suppliers to develop an effective management strategy for project-based training

for Chinese organisations.
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Table2 Land-use eco-efficiency values of 30 provinces during 2005 to 2013
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A 20055 20064F 20074 20084F  20094F  20104F  20114F  20124F  20134F My HEH
i 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1
B 0673 0476 0437 0466 0581 052 0497 0730 075 0571 2
WEGY 0549 0457 0396 0379 0307 033 0383 0253 0226 0365 3
P 0515 0279 0270 0369 0482 0291 0273 0181 0204 0318 4
Hill 032 0234 0210 019 0207 0200 0188 028 0303 0245 5
Wi 0359 0266 0216 0091 0223 0178 0159 0126 0088 0201 6
=M 0237 0166 0165 0161 0172 0175 0155 0231 0230 0188 7
TE 012 0173 0176 0188 0184 0164 0270 0140 0120 0179 8
Tl o171 0131 0116 0133 0138 0106 0107 0139 0151 0132 9
BN 0213 0166 0155 0120 0104 0121 0108 0092 0100 0131 10
W 0230 0117 0121 0119 0138 0092 0078 0113 0117 0125 11
FRIL 0142 0077 0089 0082 0097 0072 0081 0156 0178 0108 12
Bl 0192 0115 0088 0103 0110 0075 0071 0081 0072 0101 13
HK 0210 0096 0112 0082 0079 0050 0035 0043 0043 0083 14
i 0124 0065 0070 0073 008 0066 0055 0071 0059 0074 IS
WE 0162 0072 0067 006 0062 0049 0045 0064 0073 0073 16
FAO 0118 0065 0068 0064 0074 0053 0054 0078 0083 0073 17
WE 0102 0057 0061 005l 0054 0049 0037 0104 0110 0069 18
ZH 0077 0042 0053 0056 0058 0048 004 0073 0076 0059 19
WHE 0078 004 0040 0048 0054 0040 0039 0058 0058 0052 20
AL 0077 0053 0043 004 0050 0040 0049 0042 0036 0048 21
LT 0083 0049 0048 0041 0045 0037 0031 0036 0032 0045 22
TE 0061 0030 0031 0033 0037 006 003 0035 0040 0036 23
WL 0040 0021 0025 0024 0030 0024 005 0026 0029 0027 24
R 0030 0017 0019 0020 0020 0015 0014 0032 0038 0023 25
WA 0033 0016 0018 0021 008 0019 0024 0023 002 0023 26
7% 0032 0016 0017 0016 0018 0013 0013 0016 0017 0018 27
REE 002 0012 0010 0009 0011 0006 0007 0010 0010 001l 28
5T 0008 0004 0004 0004 0003 0002 0002 0014 0012 0006 29
#0002 0001 0001 0001 0001 0001 0001 0002 0003 000l 30
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Figurel Land-use eco-efficiency values of nationwide and east, middle and west region during 2005
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Table 3 Descriptive statistics of variables in the model
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Photoconversion Characteristics of Zinc Phthalocyanine—Based Thin Film
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In this work, we perform the characterization study of organic photovoltaics using a soluble
zinc phthalocyanine, zinc 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (ZnPc-TB). To
investigate the effects of the organic solvents on the photovoltaic properties, the ZnPc-TB is
dissolved in tetrahydrofuran (THF), ethyl acetate, dimethyl sulfoxide (DMSO) and a mixture
of chloroform (CF) and chlorobenzene (CB) (CF:CB=3:1 volume ratio). The photovoltaic cell
device consists of a glass / ITO / ZnPc-TB / 3,4,9,10-perylenetetracarboxylic bis-benzimidazole
(PTCBI) (50 nm) / Indium (In) (20 nm) / Aluminum (Al) (30 nm). Higher photoconversion
efficiency of 6.36x10* % is obtained for the solution-processed photovoltaics prepared by
using the mixed solvent of the CF and CB in comparison with the other solar cells. In addition,
the ZnPc-TB dense film prepared from a high-concentrated ZnPc-TB solution results in the
conversion efficiency of 0.01 %. The difference of the conversion efficiencies of the solar cells
is discussed in terms of improvement of charge transport properties and absorption in an active

layer.

1. Introduction

Organic photovoltaic cells have attracted much attention as a renewable energy source
owing to their advantages of low-cost fabrication based on low temperature processes, light
weight, and the possibility to fabricate flexible devices [}, Since high photoconversion
efficiency of ~6.5% has been reported for polymer-based solar cells ¥, many efforts have been
devoted to further improve their conversion efficiencies. Meanwhile, the organic photovoltaic
cells consisting of small molecules have attractive advantages due to their long-term stability,

[9-18] Fabricating the small-molecule-

lower material costs, high crystallinity and high purity
based solar cells can result in the low-cost organic flexible devices that contribute to a low-
carbon society. Among a variety of the small molecules, zinc phthalocyanine (ZnPc) %18 has

become one of the most attractive active material for the organic solar cells owing to their long

179



exciton diffusion length (~14.7 nm) %] large optical absorption coefficient, high charge
generation efficiency and thermal stability in air at room temperature. The high
photoconversion efficiencies of 4.15-5.6 % have been reported for the ZnPc : fullerene (Ceo)-
based bulk heterojunction solar cells fabricated by vacuum deposition techniques [1*-12!. It has
been reported that an incident light in a wide range of ~300-800 nm was converted to a
photogenerated current in the ZnPc-based solar cells with p-i-n and tandem structures [1%-12],
Therefore, the high photoconversion efficiencies were obtained. The small-molecule-based
photovoltaic cells have so far been fabricated by a vacuum evaporation because of their poor
solubility. Since such deposition techniques require the vacuum condition, solution-processed

solar cells that can be prepared in air at room temperature are crucial to achieve the progress of

the low-cost flexible devices.

In the present study, to achieve the low-cost simple-structured photovoltaic cells, we
performed the fabrication and characterization of the planar heterojunction solar cells using the

soluble ZnPc, zinc 2,9,16,23-tetra-tert-butyl-29H,3 1 H-phthalocyanine (ZnPc-TB).

2. Experiment

Indium tin oxide (ITO)-coated glass substrates were purchased from Geomatic Co. Inc.
The ITO film thickness was ~150 nm, and sheet resistance of the ITO was ~10 Q/sq. The
cleaning procedures for the ITO substrates are as follows. First, the ITO substrates were cleaned
by an ultrasonication in acetone and ethanol for 5 minutes, respectively. Next, the ITO
substrates were immersed into the mixed solution of ammonia and hydrogen peroxide (1:1
volume ratio). Then the mixed solution immersing the substrates was kept at ~90°C for 20

minutes by heating. Finally, the ITO substrates were rinsed with a distilled water twice.

The ZnPc-TB was purchased from Sigma-Aldrich Co. Ltd. Recrystallization of the
ZnPc-TB material was performed three times by using a chloroform. The recrystallized ZnPc-

TB was dissolved in tetrahydrofuran (THF), ethyl acetate, dimethyl sulfoxide (DMSO) and the
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mixed solvent of the chloroform (CF) and chlorobenzene (CB) with 3:1 volume ratio (1.27x10
2 mol/L, respectively). Then, this solution was stirred for 24 hours at room temperature. The
ZnPc-TB solution was spin-coated (500 rpm for 200 seconds) onto the cleaned ITO substrate.
Next, we deposited a 50 nm-thick 3,4,9,10-perylene-tetracarboxyl-bis-benzimidazole (PTCBI)
on the ZnPc-TB layer. The PTCBI was synthesized according to a literature procedure '), To
complete the photovoltaic devices, indium (In) (20 nm) and aluminum (Al) (30 nm) were
successively deposited by a vacuum evaporation on the PTCBI film (glass / ITO / ZnPc-TB /
PTCBI / In / Al). The vacuum evaporation of the PTCBI, In and Al was performed under a
pressure of ~4.0x10* Pa. Schematic diagram of the fabricated photovoltaic cell is shown in Fig.
1. For all photovoltaic devices, we used the ITO as a positive electrode and Al as a negative
electrode. While the evaporation speed was 0.1 A/s (0-10 A) and 1.0 A/s (10-500 A) for the
PTCBI, the speed for the In was 0.1 A/s (0-10 A) and 0.3 A/s (10-200 A). The deposition rate
for the Al was ~ 4.0 A/s (0-300 A). These deposition rates were controlled by a quartz oscillator

(ULVAC CRTM-6000G).

Aluminum (30 nm)
Indium (20 nm)
PTCBI (50 nm)

ZnPc-TB
ITO

glass

Fig. 1. Schematic of a glass / ITO / ZnPc-TB / PTCBI / In / Al photovoltaic cell.

Optical absorption spectral measurements were performed using a spectrophotometer
(Shimadzu UV-3100 PC). X-ray diffraction (XRD) profiles of the ZnPc-TB films were obtained
from a Rigaku RINT 2100SLH diffractometer (CuKa radiation, 4 = 1.542 A). For the solar cell
characterization, a Xe lamp was used as a light source. The current density (J) - voltage (V)
curves were measured under air mass 1.5 global (AM 1.5G) illumination at 100 mW/cm?. The
photovoltaic cells were irradiated by a monochromatic light to obtain the photocurrent action
spectra of the devices.
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3. Results and Discussion

Figure 2 shows the optical absorption spectra of the ZnPc-TB films that were prepared by
using the various kinds of organic solvents. As mentioned above, the THF, ethyl acetate, DMSO
and the mixed solution (CF:CB = 3:1) were used to dissolve the ZnPc-TB. These ZnPc-TB
films were fabricated on the quartz substrates. The absorption bands (broken line: THF, dashed-
dotted line: Ethyl acetate, dotted line: DMSO, solid line: CF+CB) located at ~650 nm and ~350
nm are called O band and Soret band, respectively. Preparing the ZnPc-TB films from the THF,
ethyl acetate, DMSO and CF+CB resulted in the thickness of ~102, 86, 30 and 137 nm,
respectively. The absorption spectral shapes and the optical absorption edges of the ZnPc-TB
films were changed by using the different solvents. We estimated the optical bandgap (E) for
each absorption spectrum of the ZnPc-TB according to a published literature >, The absorption
spectra were analyzed using the following classical relation for near optical band edge in a
semiconductor: ahv = A (hv — E,), where a, 4, h and v are absorption coefficient, constant,

Planck's constant and frequency of light, respectively. The dependence of (a/v)? on photon
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c — CF:CB=3:1
@
2
[}
2
< 05
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0 1 > 4’ L L 1 i
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Fig. 2. Absorption spectra of the ZnPc-TB films prepared by using the various kinds of organic
solvents. The broken, dashed-dotted, dotted and solid lines correspond to the tetrahydrofuran
(THF), ethyl acetate, dimethyl sulfoxide (DMSO) and a mixture of chloroform (CF) and
chlorobenzene (CB) (CF:CB = 3:1), respectively.

182



energy hv for the ZnPc-TB is shown in Fig. 3. The Eg value for each ZnPc-TB spectrum was
obtained by extrapolation of the linear region of higher photon energy to zero absorption
coefficient (a = 0). We obtained the E,; of 1.71, 1.55, 1.44 and 1.70 eV for the ZnPc-TB films
prepared by the use of the THF, ethyl acetate, DMSO and CF+CB, respectively. Then, we
measured the photoluminescence (PL) spectra of the ZnPc-TB films prepared by using the
different solvents (Fig. 4). The ZnPc-TB film that was prepared by using the DMSO revealed
the emission with full width at half maximum of ~220 meV centered at ~850 nm. On the other
hand, no emission was observed for the ZnPc-TB thin films fabricated by the use of the THF,
ethyl acetate and CF+CB. Generally, the absorption spectral change and E, shift can be
understood as the formation of aggregation such as J- and H-aggregates ['*2l. The plane
molecules can form the J-, H-like aggregates and oblique arrangement due to n-m stacking
interactions between the molecules ['°?%, and the emission or no emission can be observed for

these aggregates, respectively. The variations of these absorption spectra and the emission
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Fig. 3. The dependence of (ahv)? on photon energy Av for the ZnPc-TB. The (ahv)? versus hv
plots were shown for the ZnPc-TB films prepared by using the THF (a), ethyl acetate (b),
DMSO (c) and CF+CB (d), respectively.
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Fig .4. Photoluminescence spectra of the ZnPc-TB films prepared by using the

different solvents.

characteristics are probably due to the effects of the formation of the J- or H-like aggregation

and aggregation numbers inside the thin films.

The XRD patterns of the ZnPc-TB films are shown in Fig. 5. These XRD spectra have no
significant diffraction patterns. This means that the non-crystalline ZnPc-TB films were
obtained. In other words, the above-mentioned non-emissive/emissive aggregation states of the

ZnPc-TB molecules did not result in a crystalline film.

The J-V curves of the solar cells consisting of the non-crystalline ZnPc-TB films are shown
in Fig. 6. The device parameters for each solar cell are summarized in Table 1. Even though the
solar cell fabricated by using the DMSO has the largest open-circuit voltage (Voc) of 0.30, a
low photoconversion efficiency (77) was obtained based on a low short-circuit current (Jsc) and
fill factor (FF). The device prepared by using the CF+CB achieved the best conversion

efficiency of 6.36x10™* % with Voc of 0.15'V, Jsc of 0.02 mA/cm? and FF of 0.21.
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Fig .5. X-ray diffraction (XRD) profiles of the ZnPc-TB films. The ZnPc-TB films were
fabricated by the use of the THF, ethyl acetate, DMSO and CF+CB, respectively.
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Fig. 6. The current density (J) - voltage (V) curves of the photovoltaic cells consisting of the
non-crystalline ZnPc-TB films. The J-V plots were shown in Fig. 6(a) for the solar cells prepared
by using the THF, ethyl acetate and DMSO. The J-V plot of the cell fabricated by the use of the
CF+CB was shown in Fig. 6(b).

We measured the photocurrent action spectra of the solar cell devices (glass / ITO / ZnPc-
TB / PTCBI / In / Al) that were illuminated through the ITO side. Figure 7 shows the
photocurrent action spectra of the solar cells prepared by using the different solvents. The

absorption spectra of the ZnPc-TB film on the glass substrate and PTCBI film on the quartz
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Table 1. Device performances of the photovoltaic cells consisting of the ZnPc-TB films

fabricated by utilizing various kinds of organic solvents.

Solvents Voc (V) Jgc (mA/cmz) FF 1 (%)

THF 0.20 1.85x10°  0.21 7.77x107
Ethyl acetate  0.07 2.50x10°  0.19 3.34x107
DMSO 0.30 1.11x10°  0.17 5.56x107
CF:CB=3:1  0.15 0.02 0.21 6.36x10™
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Fig .7. Photocurrent action spectra of the ZnPc-TB solar cells fabricated by using the different
solvents. The used solutions for fabricating the ZnPc-TB films were THF (a), ethyl acetate (b),
DMSO (c) and CF+CB (d), respectively.

substrate are shown in Fig. 8. The photocurrent spectra indicate that the photocurrent occurred
in the wavelength region of ~300 - 800 nm. The photocurrent response peaks at ~500 nm and
~750 nm in Fig. 7 correspond to the PTCBI and ZnPc-TB absorption bands (Fig. 8), respectively.
The current density ratio between ~500 nm and ~750nm are changed by the use of the different

solvents. While the solar cell consisting of the ZnPc-TB film utilizing the THF has a slightly
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Fig. 8. Absorption spectra of the ZnPc-TB and PTCBI. The solid and
dotted lines indicate the ZnPc-TB and PTCBI, respectively.

photocurrent peak at ~500 nm than that at ~750nm, the ZnPc-TB cell prepared by using the
DMSO shows the higher photocurrent peak at ~750 nm than that at ~500nm. Moreover, the
devices fabricated by using the ethyl acetate and CF+CB have the quite large photocurrent
response peak at ~500 nm as compared with that at ~750 nm. Since the photocurrent in the
range of ~350-600 nm produced by light irradiation lies in the PTCBI absorption band, the
PTCBI layer in the solar cell with the ZnPc-TB films that were prepared by using the ethyl
acetate and CF+CB largely contributes to the photoconversion. These results demonstrate that
the used solvents for the preparation of the ZnPc-TB films affect the photoconversion

characteristics of the solar cell devices.

By using the high-concentrated ZnPc-TB solution (1.73x102 mol/L) (CF:CB = 3:1), the
thick ZnPc-TB film having the thickness of ~300 nm was obtained. We fabricated the
photovoltaic device with the ZnPc-TB thick film (glass / ITO / ZnPc-TB (~300 nm) / PTCBI
(50 nm) / In (20 nm) / Al (100 nm)). By the J-V measurement for this device shown in Fig. 9(a),
we determined the device parameters of Voc = 0.22 V, Jsc = 0.19 mA/cm?, FF = 0.27 and 5 =
0.01 %. The solar cell with the ZnPc-TB thick film gave higher conversion efficiency (~16
times larger efficiency) based on the increase of the photovoltaic parameters in comparison with

the ZnPc-TB thin film cell (Fig. 6(b)). This result is attributed to the improvement of charge
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Fig. 9. The J-V curve (a) and the photocurrent action spectrum (b) of the solar cell with
the ZnPc-TB thick film.

transport property and absorption in the active layer through the formation of the ZnPc-TB
dense thick-film by the use of the high-concentrated solution. The photocurrent action spectrum
of the solar cell with the ZnPc-TB thick film is shown in Fig. 9(b). While this spectrum has two
prominent peaks at ~500 nm and ~750 nm, the spectrum in Fig. 7 has three response peaks at
~400 nm, ~500 nm and ~750 nm. In Fig. 9(b), the photocurrent peak at ~500 nm is quite higher
than that at ~750 nm. Here, although the conversion efficiency is higher for the ZnPc-TB thick
film cell in comparison with that for the ZnPc-TB thin-film cell, the photocurrent in Fig. 9(b)
is lower than that in Fig. 7(d). While the photocurrent action spectral measurement was
performed for the ZnPc-TB thin film cell just after the fabrication of the cell, the action spectral
measurement was performed ~24 hours later for the ZnPc-TB thick film cell. The oxidative
degradation and photo-oxidation are the main reasons of the decrease of the photocurrent for
the ZnPc-TB thick-film photovoltaic cell. Moreover, the spectral structure at ~400 nm that is
seen in Fig. 7 vanished in the ZnPc-TB thick-film photovoltaic cell. This result indicate that the

light intensity at the active layer was decreased due to thick absorber layer with ~300 nm.

In summary, we fabricated the solution-processed ZnPc-TB-based solar cells. The solar
cell that was prepared by using the CF+CB gave higher photoconversion efficiency based on
its high photocurrent. By using the high-concentrated ZnPc-TB solution, the ZnPc-TB dense

film resulted in the # 0of 0.01 %. It is attributed to the improvement of charge transport property
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and absorption in the active layer. As for the variation of the photocurrent action spectral forms

for the solar cell with the thick ZnPc-TB film, the vanishment of the spectral structure at ~400

nm is ascribed to the decrease of the light intensity at the p/n interface due to the thick ZnPc-

TB layer.
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