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Abstract In order to respond to the ever-changing global economic environment, the
technological and vocational education system in Taiwan needs to be dramatically re-
formed to the changing needs of the domestic industrial structure. Integrating practical
talents with practical industrial experiences and competences can help avoid discrepancy
and close the gap between vocational education and the practical demands of industries.
Thus, to achieve the goals of technological and vocational education, it is necessary to
incorporate instruction that meets the demands of the industrial-oriented manpower in
Taiwan. In this study, the well-known problem-based learning (PBL) approach, utilized
commonly in the educational area of medicine and business management, was integrated
with the qualitative method of action research to explore how such a learning strategy
could influence college students’ learning outcomes regarding industrial-oriented compe-
tences. The research results were induced from the empirical data collected via par-
ticipatory classroom observations, and analyses of teachers’ instructional journals and
semi-structural interviews. A survey with quasi-experimental design of the control group
pretest and posttest was conducted by using an industrial-oriented competences scale to
explore the influences of PBL on students’ learning outcomes of industrial-oriented
competences. The findings are expected to shed light on the teaching and learning strategy
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of college students’ industrial-oriented competences and contribute to theoretical impli-
cations and future educational and industrial development of Taiwan.

Keywords Problem-based learning (PBL) - Industrial-oriented competences -
Action research - Weblog - Competence

Introduction

After the international financial crisis of 2007-2008, countries and institutions had to
respond to the unstable global economic environment. The technological and vocational
education system in Taiwan must adjust and reorganize appropriately, to meet the de-
mands of the domestic industrial structure. In the 2013 white paper of Taiwan’s
education policy, Taiwan’s Ministry of Education clearly stated the critical strategies
including “improving the quality and professionalism of polytechnic education, devel-
oping exemplary polytechnical colleges and improving polytechnic education, building
college characteristics, encouraging universities/colleges to hire industry experts as in-
structors, reinforcing industry-academia links, improving the ability of polytechnical
college students to become employed.”, and “facilitating the linkage between training
for higher education professionals and industry needs.” In this regard, curricula of the
Taiwanese technological and vocational higher-education environment needs to further
meet the “practical learning and application” teaching goals. To meet the demands for
technological and vocational talents in this new era, educational institutions must treat
new curriculum planning and reformed instructional development as priorities; especially
the primary learning objectives for the majority of students in Taiwan who attend vo-
cational schools are industrial and/or practical knowledge and skills acquisition. Hence,
technological and vocational educational institutions should enhance their core compe-
tency learning and skill acquisition.

In regard to educational requirements, the industrial corporations seek students with
employable technical talents, specifically those with practical industrial work experience
and competences. Using the manufacturing industry as an example, hiring companies
expect students to be highly educated in modern technology in order to cultivate successful
Engineering and Industrial technologists. Generally speaking, it is necessary to further
review and to explore the effects of technological and vocational education, specifically in
the context of post-graduate career opportunities alongside the demands of the labor and
industrial-oriented sects (Hung 2008). Roberts (1957) indicated a technical high school, the
first was established in 1898, or the technical group in a comprehensive high school offered
a choice of curricula and recognized the growing demand for courses leading more
definitely towards a vocation. A Federal Committee on apprentice training was created by
the US President in 1934 and the Committee recommended certain standards to be used as
guides by employers and employees for establishing standards in a specified trade. These
provided the concept of school education should meet the industry need. Mager (1962)
provided background details on competences and competency based education, and in-
fluenced school systems for decades and continues to shape the vast majority of corporate
training programs developed today. These historical developments helped to establish
industrial competence standards as suggested by a psychologist from Harvard University
(McClelland 1973). It is important to note however that the term varies among different
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cultures. Within the Chinese and Taiwanese context, “competence” refers to the external
behavioral-performance upon which knowledge, skill and attitude is measured. According
to other scholars, competence relates to a person’s effective performance of values, atti-
tudes inferences and judgment (Lysaght and Altschuld 2000). Competence can be divided
into “Generic competence,” “Professional competence,” (Weinert 1999) and, “Manage-
rial competence” in the workplace (Boddy et al. 1995; MCI 1990; Thorpe and Holman
1994). When discussing the development of technological learning in this paper, one
should refer to the cultivation of key competences and problem solving. It is in that sense
that the “practical monograph” courses in Taiwanese higher technology education are thus
planned to meet actual demands of the industrial environment. Students are exposed to the
course of practical monograph through various theories and on-site visits. They are then
equipped to meet the demands of employment in the industrial corporations upon
graduation (Chen 2010). To measure the competency of graduating students, this study
used the Delphi technique, Yeh et al. (2010). It is a technique developed so as to use the
“industrial-oriented competences scale” which allows business and management students
to self-evaluate their qualifications in an industrially-oriented environment. By using this
technique, students are able to recognize the core competences of university students in the
management field, which are required by the companies in the current industrial
environment.

In university education, teachers are able to better understand students’ competences
through results from “industrial-oriented competences scale” surveys. Through which,
teachers can properly develop the curriculum that meets student needs. Unlike elementary
schools and high schools in Taiwan (which are regulated by the Ministry of Education of
the central government and the Education Bureau of the local governments), universities in
Taiwan are regulated by the Taiwan University Act, under which course planning and
teaching activities are solely overseen by the teachers. Therefore, no matter how well the
instructional methods and learning approaches are designed, or how successfully they have
been implemented in high school and elementary school education, they still may not be
adopted in universities, or in management education. This study applied the widely used
and approved Problem-based learning (PBL) technique. This methodology can be found in
medical education (Boud and Feletti 1998; Wilkerson and Gijselaers 1996) specifically in
practical monograph courses and in business management education in technological in-
stitutions. Although PBL is not widely applied to management education, Hallinger and
Bridges (2010) demonstrated the feasibility of PBL application in management education.
Thus, with the combination of the qualitative study as the main approach and the quan-
titative study as the secondary approach, this study probes into students’ industrial-oriented
competences and learning outcomes after experiencing PBL, and additionally evaluated the
teachers’ reflections after the implementation of PBL. Based on motives mentioned above,
the research objectives are:

1. to understand the actual thoughts and gratification of business and management
students after receiving PBL.

2. to understand the actual thoughts and gratification of business and management
teachers after including PBL in practical monograph course teaching.

3. to understand business and management students’ changes in industrial-oriented
competences after receiving PBL and their learning outcomes before and after PBL.
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Literature review
Practical monograph

Higher technological and vocational education in Taiwan emphasizes “practical” study and
“industrial and academic collaboration” with industries. However, because of inadequate
preparation in school study before going for industry internship, students’ internship in
industries usually cannot be arranged properly and may not necessarily be related to the
knowledge learned in their major or in specific classes. Therefore, there are courses related to
“practical monograph” (or Project Design) in technological and vocational institutes in
Taiwan, which serve to supplement the aspects mentioned above, and which integrate
teachers’ lectures in class with students’ project study in industries. “Practical monograph”
is distinct from traditional classroom lectures, with the aim of allowing students to apply
professional knowledge and learned theory, while also having the capability to develop
primary exploration and future research potentials. In other words, practical monograph
emphasizes the practicality of vocational education and expects to meet the standards of
industrial development. The research themes are preferably related to the issues that in-
dustries intend to explore. Therefore, “Practical monograph” courses are integrated project
studies which satisfy the actual needs of industries. The approach of this course is to allow
students to choose the direction of their studies according to their interests, based upon
existing basic professional theories. They self-select the advisers, set the topics and conduct
the study under the advisers’ guidance and supervision. Other than defining research ques-
tions, data collection, data analysis, finding the possible solutions, assessing alternatives,
trial and result evaluation, PBL courses also aim to cultivate students’ problem-solving skills
to achieve these goals on four levels: (1) enhance students’ comprehension; (2) enhance
students’ expression competence; (3) enable students to recognize the gap between practice
and theory, by: conducting practice and experiment in class, visiting industries, and carrying
out interns at industries; (4) and by equipping students with problem-solving competence.

In essence, “practical monograph” courses are meant to integrate theories with practice,
allowing students to interact with industries. Furthermore, they are designed to help the
students better understand the business process of industry to save staff training costs in the
future. In the meantime, it provides a way for students to decide if they are interested in the
industry. The objective of the practical monograph course is to integrate theory, on-site
visit, questionnaire survey, statistical analysis and report writing activities together to
develop students’ independent thinking, practical experience and competence. “Practical
monograph” expects students to work in groups to finish formal papers or project reports
by observing facts, collecting related information, systematically analyzing data, and
discovering problems and solutions before graduation. It aims to (1) enhance students’
competence of data collection and reading of related literature, (2) enhance individual
competence in systematic thinking, (3) increase report writing and oral report competence,
(4) develop team oriented problem-solving competence, (5) cultivate research skills for
advanced study, (6) enhance student’s competence to blend into industry requirements and
practice (Chen 2010).

Industrial-oriented competences
McClelland (1973) indicated that the concept of “competence” varies among different

cultures. In this context, competence is the external behavioral performance based upon
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one’s knowledge, skill and attitude. It is also a person’s effective performance of values,
attitude, inference and judgment (Lysaght and Altschuld 2000). “Management competence
provides a potentially useful lens through which to frame these and other questions”
(Sadler-Smith et al. 2003), in which “knowledge, affection and skill are needed for ful-
filling the task or certain jobs”. Competence can be divided into generic competence and
professional competence (Weinert 1999). Management charter initiative (MCI) of Britain
is most commonly used to define the managerial competence needed by managers in the
workplace (Boddy et al. 1995; MCI 1990; Thorpe and Holman 1994). Therefore, tech-
nological and vocational learning must develop both the cultivation of key competences
and problem-solving competence. The European Training Foundation (ETF) suggests that
the competence criterion is the interface between technological and vocational education,
and the job market. In other words, in order to cultivate student’s competent talents for
industries, educational institutions of technology must provide proper courses which reflect
the demand of the job market. For the purpose of reducing the competence gap and
enhancing the research, competence criterion will be one of the best measures.

In today’s global economic challenge, Taiwan is not the only country encountering the
issue of gainful employment all of the graduating university students. Many developed
countries in the world also face the same situation. In 1999, the “Bologna Declaration”
signed by the ministers of education of 29 European countries treated the “enhancement of
student’s employability” as one of the objectives of university reform. Gordon (1991) was
the first scholar to propose “industrial domination”. However, in order to respond to
international economic situations and changes of domestic industrial structure, the gov-
ernment, industry, academia and the R&D industry of Taiwan have focused on “industrial-
oriented competence” development since 2008. The National Science Council (2008)
defined “industrial-oriented competence” as the development of curriculum and instruc-
tion design which meets the student’s background and the demands of industry. Jou (2009)
suggested that industrial-oriented competences enhanced student’s practical competence
and job opportunities through diverse and multiple ways of learning. It allowed the stu-
dents to be competent in their workplace right after their graduation. In the changing
environment of diversified industry, the industries’ requirement for employees’ compe-
tence has also changed significantly. It turned from “professional competence” empha-
sizing cognition and technique to a more balanced combination between “professional
competence” and “key competence” (Burchell et al. 1999, 2000; Calway and Murphy
2000). In order to explore the required industrial-oriented competences for business and
management students, Yeh et al. (2010) defined industrial-oriented core competences by
using the Delphi technique. The three competence categories; generic competence, pro-
fessional competence, and workforce competence were identified to include a total of 16
core competences. These core competences can help universities prepare the appropriate
curriculum and guide business majors to learn the skills required by the industry.

Problem-based learning

Problem-based learning (PBL) is perhaps one of the most innovative pedagogical methods
ever implemented in education. Its effectiveness in facilitating student problem-solving
and self-directed learning skills has become increasingly popular across disciplines in
higher education (Hung et al. 2008). PBL was first conceived in the early 1960s at a
medical college. It was developed as a learning method to implement constructivism. It is a
learner-centered form of education, based on non-structural issues in reality and the pro-
cess of the learners’ active problem solving. In the process of learning, learners play the
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roles of active problem solvers, and are responsible for learning and cultivating self-
oriented lifelong learning skills, problem-solving competence, and communication skills
for team work. Teachers on the other hand, play secondary roles, where they become
partners in learners’ problem solving. They are the guides, consultants and coaches. PBL
aims to encourage students to ponder on “what to learn and how to learn” by issuing
ambiguous structures and definitions in real situations, and they are there to change,
modify and expand the process by collaborative learning. Finkle and Trop (1995) sug-
gested that problem-oriented instructions address both curriculum development and in-
structional systems, which also develop problem-solving strategy, knowledge database and
skill learning. Learners that were involved in meaningful or real learning situations were
thus able to adapt to problems in real life. Learners were provided with useful resources,
instruction and exploration; thus, they were active in problem-solving in order to construct
knowledge and problem-solving skills.

Although traditional lecture instruction allows students to obtain knowledge, students
will not be able to solve problems in the real world with merely classroom knowledge
acquisition (West and Watson 1996). Barrett (2005), Sage (2000) and Stepien (2002) all
suggested that PBL should integrate technology in various measures, such as e-mail,
briefing message, internet tools and special software. In problem solving, where tech-
nology can provide more favorable and effective tool selection, as well as confirm and
organize information, learners can be creative in multiple dimensions and cooperate with
each other to solve the problems. However, business technique courses aim to cultivate
students’ skills, combine instructional content with students’ life experience, trigger stu-
dents’ learning motivation and values teaching method to cultivate students’ team work.
PBL is an instructional activity that can motivate students toward an educational approach
of “learning to learn”. Thus, students in groups can find ways to develop real-life problem-
solving capabilities and develop the competences to become self-guided learners. PBL
therefore refers to competence learning pedagogy instead of simply to traditional knowl-
edge acquisition techniques (Wu 2002). This ultimately allows students to step outside
their expectations about how to learn (Keegan and Turner 2001).

Based on studies of several scholars, a PBL model includes five stages: analysis, design,
development, implementation and evaluation. The whole process is based on team work
and discussion. Students actively analyze the problems and ponder on their recognition of
the issues. They obtain and compare new knowledge, reorganize what they have learned
and experience, and are in charge of finding the necessary means for problem solving. In
comparison to traditional instructions dominated by teachers, PBL is more inspiring
(Aleman and Lopez 2000; Delisle 1997; Haith-Cooper 2000; Hong 2001; Jih and Chang
2001; Schank 1994; Song et al. 2006). From the perspective of learners, students in a PBL
team must solve the problems by more open, reflective, critical and active learning atti-
tudes, in comparison with traditional courses (Margetson 1991; Engel 1997). For teachers,
PBL allows students to mutually challenge the problems, search for problem-solving plans,
explore new knowledge in experience, obtain more practical experience and become better
learners with self-learning capability (Hewitt-Taylor 2002; Connolly and Donovan 2002).

The world is in a time of rapid development in the economy of knowledge, with a wide
array of technological information in a fast changing society. In order to meet the coming
of a knowledge based society and face its new challenges, suitable professional talents are
required. After graduation, most students from traditional instruction but learning systems
have difficulty adapting to the workplace and do not meet the demands of industry. A good
learning method must suit different instructional strategies and be demonstrated to be
effective after evaluation (Felder and Brent 2005). Therefore, in recent years, different
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learning approaches have been introduced and curriculum content is being revised in
Taiwan and other foreign countries. PBL originated from within medical education but
since it trains students’ competence to deal with problems in reality, it is gradually be-
coming popular in the educational fields of law, business, administration management,
engineering college, chemistry, physics, educational psychology and educational admin-
istration in higher education. Some scholars (Boud and Feletti 1998; Wilkerson and Gi-
jselaers 1996) have observed that PBL is being widely applied in medical education, but is
still rare in management education. Tseng et al. (2008) also indicated the PBL was not used
widely in research methods and instructional practice by engineering education in the past.
Therefore, Hallinger and Bridges (2010) applied PBL to management education and stu-
dents’ learning outcomes were observed to be better than those with ordinary learning
approaches.

Research methodology

This action-study investigates the influence of applying PBL strategy in practical mono-
graph teaching, to the competences learned by students in business majors. Fifty-one junior
students in a practical monograph course of the Business Administration Department of
Meiho University in Taiwan were chosen, and non-homogeneously divided into 14 groups.
Each group consisted of 3 to 4 students with three units of instructional activities that were
carried out in each group over 11 weeks. By collecting students’ learning data through
participation and observation in the classroom, reviewing the instructor’s teaching journals,
and by semi-structural interviews, students’ changes in learning of industrial-oriented
competences were analyzed. In addition, the quantitative study by “questionnaire survey”
was treated as the secondary approach. A quasi-experimental designed signal group pretest
and posttest was constructed and implemented by using the questionnaires developed by
Yeh et al. (2010). The data were analyzed by using descriptive statistics, independent
sample ¢ test and dependent sample ¢ test.

Action research

Action research originated in the U.S.A. in the 1930s. The term was coined by John Collier
in 1945. In the 1960s, the educational reform of Britain and Australia influenced it to
become the model for curriculum development and teachers’ advanced study. Lewin
(1946) suggested that social issues at the time were what drove classroom social studies
and thus appropriately developed the social exploration model with a plan, an action, an
observation and a reflection. These studies propelled John Collier and Kurt Lewin to
become the main pioneers of action research that particularly emphasized empirical cog-
nition that treated locality, practicability and problem solving as purposes. These research
studies combined scholars with actual workers to construct a collaborative research team
(Reason and Bradbury 2001). In essence, the action research method exists in social
situations where it aims to improve real-world problems in society (Elliott 1991). Many
scholars are gradually adopting this approach to research.

The concept of action research is also popular in the educational field. Two important
promoters of action research in British education, Lawrence Stenhouse and John Elliott,
have both further suggested post-learning action research (McNiff 1988). Lawrence
Stenhouse first proposed the concept that “teachers are researchers” when he popularly
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promoted school-based curriculum reform. Elliot emphasized the importance of action to
enhance reflection (Elliott 1991). By the action research of educational courses, teachers
can identify and solve many problems in instruction and learning. In comparison to other
research approaches, action research can develop profound knowledge and competence in
classrooms and are thus more sensitive to educational practice (Ou 1999). John Elliot
agreed that action and reflection are two activities in constant cycle. In considering in-
ducing more flow into the cycle, he suggested cycles within a cycle. Pittaway and Cope
(2007) also indicated that the teacher’s actions also require reflection and adaptation to
circumstances. “Educational action research,” by Stephen Kemmis, encouraged teachers
to be reflective researchers of their own instruction. Teachers should treat the self-re-
flection cycle of “plan, action, observation, reflection and re-plan” as the bases for a
problem-solving strategy. The cycle is constantly sequential and develops different con-
cepts and behaviors to fulfill the goal. Users can solve problems, acquire knowledge and
learn to re-identify ones’ self in action (Dick 2002).

By combining the characteristics of PBL and action research, the researcher plays the
roles of instructor, learning assistant and researcher. Therefore, from the beginning, the
researcher analyzes problems; designs’ teaching plans and then develops and implements
instructional activities. Besides lecturing, the researcher assists students in overcoming the
obstacles to learning. Two teachers observe and record students’ learning process and
instructors teaching methods. They also summarize the observation process by inter-
viewing students and teachers on how they perceived the teaching/learning went. They
conduct course-learning evaluations and reflections, and use results to plan the next
teaching program. The cycle continues until the end of the course, as shown in the fol-
lowing conceptual framework (Fig. 1).

Instrument development

Based upon the scale of a graduate’s industrial-oriented competence (SGIOC) for the
business department of technological and vocational institutions (Yeh et al. 2010), this
study was developed to survey the three competence categories (generic competence,
professional competence and workforce competence) and relate them to the 16 core
competences (see Table 1). The three categories of competencies are defined as: (1)
Generic competence: generic competencies originate from the characteristics of indi-
viduals and are acquired through cumulative past experiences. Generic competencies are

Fig. 1 Conceptual framework of
PBL characteristics and action
research
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implementation
of instructional
activities.
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plan design.
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Reflection | | Observation
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Evaluation effect Observation,
and reflection. record and
interview.
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Table 1 Structure of the industrial-oriented competencies

Competence category Core competence

1. Generic competence 1.1 Using computers
1.2 Communication
1.3 Language skills
1.4 Problem-analysis and problem-solving
2. Professional competence 2.2. Marketing management
2.3. Customers relationship management
2.4. Human resources management
2.5. Financial management
2.6. Accounting and statistical analysis
2.7. E-commerce applications
3. Workforce competence 3.1. Team work
3.2. Self-learning
3.3. Self-discipline
3.4. Leadership
3.5. Work ethic

the most basic skills required to survive in a competitive environment; (2) Professional
competence: professional knowledge, skills and attitudes required for a certain business or
job. The professional competence requirements for business-major students are determined
from the five areas, including production and operation management, marketing man-
agement, human resources management, research and development, and financial man-
agement; (3) Workforce competence: competencies that are equally applicable in any other
business sectors, and they include favorable attitudes and personal characteristics generally
pursued by potential employers.

Generic competence means the competence of ordinary people as they adapt to and are
competent in different job demands. It mainly includes people’s knowledge and skills that
can be directly learned from courses in schools, for example: common subjects and general
courses, including using computers, communication, language skills, problem-analysis and
problem-solving. Professional competence refers to the professional technical competence
required for specific industries. Professional competence of industrial-oriented business
students includes production and operation management competence, marketing man-
agement competence, customer relationship management competence, human resource
management competence, financial management competence, accounting and statistical
analysis competence and E-commerce application competence. Workforce competence
refers to the competence that can be applied to all sorts of different work environments,
regardless of the kind of business. This usually includes having a positive attitude towards
both work and learning, as well as having favorable personal characteristics, which are
generally pursued by potential employers. Workforce competence usually cannot be
learned directly from courses in a classroom but instead by imperceptible instruction (such
as teachers’ teaching methods, school culture, etc.). By observing knowledge, values,
regulations or attitudes, students gradually internalize these components as part of their
cognitions, which allows them to eventually develop their senses of team work, self-
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learning, self-discipline, leadership, as well as work ethic competencies. In the quantitative
study, upon finishing the PBL teaching, the researcher conducted a questionnaire survey by
using the SGIOC questionnaire to find if there were any significant differences between
pretest and posttest results in industrial-oriented competences.

Sampling and data collection

According to the conceptual framework (see Fig. 2) and industrial-oriented competences,
researchers divided “practical monograph” into three units (generic competence, profes-
sional competence and workforce competence). They also conducted qualitative and
quantitative data collection, coding, analysis, and reliability and validity test.

Data collection

Before action research, PBL was applied to design of the teaching plans. Then, instruc-
tional activities were implemented according to the teaching plans. The researcher
recorded every detail per the instructions, discovering problems by self-reflection and
modifying action strategy in order to solve the problems. In the teaching of unit courses,
this study recorded the students’ situation in classrooms and through expert interviews.
This indicates the students’ learning performance in each “classroom observation record”.
Thus, when analyzing data, the researcher can obtain more relative information. This
enhanced the action research and functioned as criterion for future research. As to the
learning sheet, according to suggestions from the scholars (Barrett 2005; Sage 2000;
Stepien 2002), PBL should integrate technology by various means, provide more favorable
and effective tools for selection, as well as confirm and organize information. Thus,
learners will be creative in different dimensions and cooperate with each other to solve
problems. Therefore, at the end of each teaching activity, the researcher asked the students
to fill in a learning sheet on a weblog (see Fig. 3) and then analyzed these learning sheets to
recognize the students’ learning, attitude, progress, obstacles and questions. The process
not only diagnosed the feasibility of instructional activities and the design of future ac-
tivities, but also functioned as a criterion for evaluating students’ learning outcomes.
After the end of each unit course, students were interviewed randomly, allowing for
students to freely share personal opinions. The researcher would then evaluate their
learning situations by carrying out informal interviews and analyzing the data to obtain
more information in order to modify action research. The teachers’ teaching journal in-
cludes three stages: (1) prior to implementation of instructional activity: related to the
teachers’ recognition of “practical monograph” and its importance and their thoughts of
and approaches towards the instruction; (2) during implementation of instructional activity:
refers to the obstacles, review of problems, responses and modification during

Learning Outcomes

Pretest

v

PBL Teaching

Posttest

Fig. 2 Research framework of questionnaire survey
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implementation of three units (generic competence, professional competence and work-
force competence); (3) after implementation of instructional activity: according to stu-
dents’ learning outcomes, collaborative teachers’ suggestions and feedback, the researcher
reviews, allowing consideration and modification of the process of instruction and proposes
specific measures for future instruction or studies.

Each instruction period was individually recorded by video camera. After instruction,
the recording was transcribed and the researcher who reviewed the reactions of teachers
and students and used them as the criteria for the next instruction. The “Questionnaire
survey” was based on a one-group pretest and posttest of quasi-experimental design, with
the “scale of graduates’ industrial orientation of the business department of technological
and vocational institutes” from Yeh et al. (2010). The Pretest was conducted in the first
week (before PBL) and the posttest was conducted in the 11th week (after PBL). There
were 51 questionnaires collected with 100 % return and availability rates.

Data coding

The qualitative data collected were reorganized and encoded. Data coding are as follows: T
is record for instructional activity, C is for classroom observation record, L for learning
sheet, I for interview record, R for teachers’ journals, TR for teaching video recording;
codes of characters: T is the instructor (researcher) and S is student; codes of group: from 1
to 15; codes of members: from 1 to 5; there are dates of each data. In order to protect
students’ rights and privacy, the researcher encoded each student with a number for data
collection and analysis. For instance, 1-S-1-2-20091126 represents the interview record,
student, the first group, the second member and date. The full translation would therefore
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be “interview record of the second student in the first group on November 26, 2009”. Data
collected after the questionnaire survey was then encoded into the serial numbers and
decoded according to students’ numbers and then stored into the computer.

Data analysis

After coding of qualitative data, the researcher reorganized the contents that are relative to
industrial-oriented competences, reviewed the primary data, generalized and analyzed it to
find the same or similar incidents, content view and development and reflection of in-
struction. Important concepts were analyzed to select the more representative and critical
sentences and paragraphs. Quantitative data was analyzed by SPSS 14.0 for Windows,
descriptive statistics, paired sample ¢ test, product-moment correlation and independent
sample ¢ test.

Reliability and validity test

Since this study was based on the qualitative approach and the record referred to obser-
vation and interview, an inter-observer agreement test was required. In order to avoid
subjectivity, the researcher and the other two teachers were the observers. According to the
formula below, reliability of “inter-observer consistency” was conducted so that the re-
liability percentage must be at least 80 % (Cohen 1960; Brennan and Prediger 1981;
Tawney and Gast 1984). Three reliability tests were conducted with these results: 85.5, 87
and 87.5. Average outcome is 86.6 % which was acceptable:

X = frequency of AB observers’ consistent record
Y = frequency of AB observers’ inconsistent record
Reliability of inter-observer consistency = [X /(X + Y)] x 100

Concerning the objectivity of the qualitative study, the system and quantitative de-
scription, the researcher invited two teachers from the business administration department
of a technological university to review and modify the internal and external validity. This
study also used the “scale of graduates’ industrial orientation of the business department of
technological and vocational institutes” of Yeh et al. (2010) as a tool of quantitative study.
The statistical analysis result showed that mean (M) and mode (Mo) of each core com-
petence were above four and Cronbach a of internal reliability is .935. This showed the
consistency of the core competences was high. Absolute values ([Mo-M]|) of differences
between modes and means of core competences were below 1. Mean of all [Mo-M| was
0.27. This means that the scale reveals good expert validity (Osborne et al. 2003; Wen and
Shih 2008).

Data analysis and results

This study conducted instructional activities that covered three teaching subjects and lasted
for 11 weeks. The main purpose was placed on examining the influences of PBL in
practical monograph classes on the industrial-oriented competences at technological uni-
versities. After participating and observing in the classrooms, as well as reviewing
teachers’ instructional journals and semi-structural interviews, the results indicated the
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following: (1) Practical monograph is originally intended as a lecture-type course. After
applying PBL, the instructional activity became more interesting and enhanced the stu-
dents’ learning outcomes; (2) The questionnaire surveys were conducted by using the
SGIOC questionnaire to investigate students’ industrial-oriented generic competence,
professional competence and workforce competence. Students would thus then recognize
their current industrial-oriented competences and competence-items that needed to be
further enhanced. This should significantly enhance and equip their competences in future
workplaces after graduation. As suggested by the Chinese saying, “knowing the enemy as
well as yourself will get you through a hundred battles unscathed without defeat;” (3)
Generally speaking, this study was based on PBL and encouraged students to learn ac-
tively. It combined instructional activities with their daily lives. Students searched for
information they needed and they thought about and solved their problems according to the
circumstances. Both observations in the classroom and interview records have demon-
strated positive outcomes. Although PBL teachers must spend more time during instruc-
tional activity, they were pleased when recognizing students’ attentive learning and growth
of learning outcomes according to teachers’ teaching journals.

Analyses of classroom observation and interview record for student’s
activities

For the three teaching subjects conducted in the 11 weeks span, the researcher’s observed
that after being involved with PBL, students became more concentrated in learning course
content. Applying PBL teaching strategy as proposed by Delisle (1997) and Hong (2001),
students started to proactively learn the course subjects, analyze problems, share their
thoughts and feelings and were more willing to pose questions and express their own ideas,
opinions and perspectives for discussion. Teacher’s instructional activity could attract
student’s attention because of the new teaching approach. Students gradually became more
involved in the instruction and feel the learning was easy and fun. These results agreed
with the research findings of Aleman and Lopez (2000), Finkle and Trop (1995), Haith-
Cooper (2000), Jih and Chang (2001), Schank (1994), Song et al. (2006). The following are
some interview records illustrated by the students:

S07: Tam an introvert. I thought it was a traditional teaching-type course in a classroom.
Instructional activity was designed by the teachers to draw my attention. Every
time I encountered questions, I raised my hand and asked the teacher. By guidance,
the teacher helped me to find the answer. I was really happy because I was finally
able to open up and ask questions!

S29: TIhave studied at the university for three years and it was the first time that I was not
afraid of answering the questions in front of the teacher and classmates in class. In
other words, I could freely share my opinions and thoughts.

S36: Classmates raised their hands rapidly at “who is first” question time. It reminded
me of the time in kindergarten. When the teacher lectured, everyone listened
quietly. However, when the teacher asked “Any questions?” everyone would try to
be the first.

S04: The seniors told me that we will try to produce a graduation project in the
“practical monograph” course. I skipped the first class but my classmates told me
the class was fun and the teacher was humorous. I was curious and took the second
class. I realized that what they had said was true!
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S47: Tam an “owl”(awake all night) and I am used to falling asleep in class. After taking
this course, I have changed my daily routine as the teaching method and content
were awesome. I had to totally concentrate in class.

In the “practical monograph” course, the PBL approach allows the students to inter-
nalize their learning and enhance their learning outcomes. Students realized their advan-
tages and disadvantages and could enhance the competences needed before graduation. A
few students applied what they learned through PBL into their part-time job or home
business and found positive outcomes. Students became self-oriented learners, they learned
for the sake of learning and gradually constructed their own industrial-oriented compe-
tences, including generic competence, professional competence and workforce compe-
tence. PBL can therefore enhance students’ learning motivation and their learning
outcomes to adapt to reality in the future workplace. The result agrees with the research
findings of Wu (2002), Margetson (1991), Engel (1997) and Hallinger and Bridges (2010).
The followings are some interview records of students:

S41: The teaching method of “practical monograph” was new to me and I did not feel
bored in class.

S25:  Wow! I was interested in the research approaches and how to manage them! Finally
I learned “case study.” From data collection, interview with employers and
employees, content analysis, and induction of key points, I have learned the
knowledge, skills and attitudes which I could not absorb from textbooks.

S14: I thought we only had to use the computer. After taking this course, I realized that
we could analyze data collected by statistical software.

S09:  “Finance and Accounting” is my weakest subject. In this course, I finally realized
that they are always in our daily lives, such as stocks, risk planning, accounting,
and financial statement analysis. I was not afraid of them anymore.

S19: 1 thought “E-commerce” meant selling things online. However, after the teacher
explained the website, “amazon.com,” I realized the content and application scope
of E-commerce.

S38: In learning, I applied “marketing planning” competence to my home business and
the sales increased. Now I have taught my father what I have learned in class and
increased his sales volume.

S40:  Currently, society lacks “ethics,” particularly “work ethic” in the workplace. I
enjoyed the teacher’s training about our responsibility and loyalty to work.

S31: Finally, I learned how to have an “expert interview” and “questionnaire survey.” |
was really glad since my graduation project was on the analysis of business and
management of hyper-markets which was a qualitative study as the main method
and quantitative study as the secondary approach.

As we can see from the above interview records, after experiencing the PBL, the
majority of business and management students thought that they enjoyed the PBL process
in the practical monograph course. Through the interpersonal interaction with team
members and the instructor in group discussion, they could practically realize the im-
portance of “how to solve problems,” particularly in the logic of analyzing problems and
learning the practical competences regarding how to train themselves step by step. Some of
the students also indicated that the novel and effective teaching approach of PBL could
help them more confidently share their ideas, thoughts experiences and lessons learned in
physical classroom and on virtual learning weblog. Through the problems given by, and
guidance at levels appropriate to their comprehension from the teacher, they were inspired

@ Springer



Influence of problem-based learning strategy on enhancing... 299

to proactively practice collecting, sorting, and analyzing evidence and in building argu-
ments based on careful observation and thoughtful analysis. They became involved in the
course and gradually received collective course instruction and learned “how to learn” by
themselves.

Moreover, the students also found that the PBL learning approach was easy and fun and
could well gratify their learning needs for industrial-oriented competences. Some of the
students who served as the team leaders also signified that they were responsible for
arranging the works according to classmates’ talents in order to fulfill the assignments in
the shortest time, fulfill their talent in leadership, and guide the members to solve the
problems. They all recognized that the advantages of PBL in the classroom could help
them cultivate their competences in teamwork. After the test of industrial-oriented com-
petences, they could not only learn professional competences, but also realized that their
workforce competence was inferior to their generic competence through the practical
monograph course with PBL teaching. All students thought that the practical monograph
could really help them to review their levels of industrial-oriented competences and help
them comprehensively recognize their strengths and weakness and enhance the compe-
tences needed before graduation. In essence, the application of PBL in the course could
enhance students’ learning by providing a highly motivational environment for acquisition
of knowledge. Management-major students in particular could cultivate the competence
before entering the workplace. The advantage of PBL is in preparing college students in
business and management to practically understand the challenges of contemporary
business world. The above results imply that the emphasis of PBL curricula on application
of domain knowledge, problem solving, higher order thinking, and self-directed learning
skills can equip students with professional and life-long learning habits, which are indis-
pensable qualities of successful business management professionals.

Teachers’ teaching journals and analysis of interview record

Although PBL is widely applied to medical education, it is rarely used in management
education (Boud and Feletti 1998; Wilkerson and Gijselaers 1996). PBL is an instrumental
teaching strategy which guides students to solve problems. The process is effective in
cultivating the learners’ critical thinking and problem solving competences. However, after
action research, this study proposes using PBL to design teaching plans. After the ex-
periment, the researcher realized that teachers must implement their instruction according
to a teaching plan in order to allow the students to be challenged by the problems and
search for solutions. Students can explore new knowledge from experience and further
acquire more practical experience to become better self-learners with competence.
Teachers record every detail of instructional activity and discover problems by self-re-
flection and can modify their action strategy to solve the problems encountered in teaching.
The result agrees with the findings of Hewitt-Taylor (2002), Connolly and Donovan
(2002). The followings are some interview records from the teachers:

For me, this was an in-classroom course. At the beginning, PBL instruction was a
burden. However, after the formal instruction, I was deeply touched by students’
smiles, sharing of opinions, group discussion, determination to solve problems, and
presentation on the stage. We could enhance students’ learning motivation by simply
changing the teaching method.

I was more impressed by the question time response in “who wants to be first.” The
students who were originally not active to express themselves now try to be the first
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to answer the questions. The classroom atmosphere had therefore changed. It was a
rare situation in my experience.

“Appropriate prizes and immediate rewards” are helpful for enhancing students’
learning motivation and learning outcomes. These rewards are particularly effective
when students feel depressed or encounter learning difficulties.

By formative evaluation, diagnostic evaluation and summative evaluation, students’
learning outcomes are learned and each student’s learning situation is controlled to
guide the students or adjust course content and teaching method as the criteria for the
next teaching activity.

PBL was already known to be effective in medical education. This was the first time
I applied it to instruction and management education. After going through PBL for
11 weeks, the students made progress in learning motivation or learning outcomes. |
strongly believe that PBL is an effective teaching approach in management
education.

According to the studies of Barrett (2005), Sage (2000) and Stepien (2002), a combi-
nation of PBL and information technology tools will favorably and more effectively select,
confirm and organize information, thus allowing learners to solve problems together with
multiple approaches.

In the practical monograph course, by using the “weblog learning sheet,” we initially
allowed students to answer the questions online in the regulated time and from
anyplace. For teachers, it can enhance students’ high level cognitive and thinking
competences.

Students were interested in weblog instruction. It drew their attention to the class and
enhanced their learning motivation. Teachers’ instruction was further enhanced. It is
also a kind of stimulation for teachers to continue the job.

Thus, in online instruction, teachers must recognize the characteristics of the internet
and design a problem-solving centered and student-based online collaborative
learning strategy. Thus, teachers and students will share the learning pleasure, cul-
tivate problem-solving competence and adapt to social change.

In fact, with PBL, most of the students in class can actively acquire information
through the library, computer data and online resources. They can have independent
learning and collaborative learning regarding their learning issue. It can effectively
reduce the frequency of teachers’ individual instruction. It is the first effective
learning approach which I have come across since being a teacher.

Regarding the learning outcomes of industrial-oriented competences, this study found
that after comparing students’ outcomes in pre and post-learning, the researcher realized
that PBL can substantially enhance learning outcomes in management education. The
results agree with the research finding of Hallinger and Bridges (2010). PBL is an
educational model which compensates for the disadvantages of traditional instruction and
results in more meaningful and effective learning outcomes of students. It helps the stu-
dents to learn how to learn.

In order to meet students’ prior knowledge when we planned the instructional ac-
tivity, a pretest was implemented in the first week by using a SGIOC questionnaire.
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Based on the students’ past learning process and interview with their teachers, we
recognized students’ learning behavior to further design a teaching plan and instruct
students’ knowledge and skill.

In the 11th week of teaching, a posttest was conducted to compare the influences on
industrial-oriented competences before and after learning. Although the instructional
activity was tough, it was enjoyable to see students’ progress in learning outcomes.
The students in this class were juniors and they were preparing for their graduation
project reports with 3-5 members in a team. They needed to demonstrate their
knowledge and skills learned in university in the report.

Economic development in Taiwan relies on the prevalence of education which
rapidly expands educational outcomes. In Taiwan, the university entrance rate has
increased to 98 % since 2008. We can no longer teach the students in the internet era
with old methods so we must include information technology in instruction and
adopt an effective teaching approach to enhance the students’ learning motives and
learning outcomes.

After PBL teaching in the practical monograph course, the teachers showed that PBL
could serve as an instrumental teaching strategy which guides students to solve problems.
In the process of PBL teaching, they found that the students obtained key knowledge, skills
and competences (such as data collection analysis and presentation, critical thinking, in-
terpersonal cooperation and problem solving) by cooperating with others to collect in-
formation, share opinions, and select problem solving plans. In a broad sense, PBL is an
educational model which reflects the reality of the workplace and daily life. It could act as
the framework of the curriculum and guide for the teachers in designing courses, helping
students learn how to learn. The objective is to cultivate the competence instead of simply
obtaining the knowledge. In a traditional instructional environment, there are always
disadvantages regarding the limit of teaching hours and curriculum structure. The teaching
and learning modes in such teacher-centered circumstance tend to emphasize memorizing
the teaching’s contents and simply passing the knowledge to students who passively accept
it. It cannot cultivate students’ critical thinking and problem solving competences. In
contrast, PBL can not only provide students with academic knowledge, but also can allow
students to ponder on the best solutions. The practical monograph course with the im-
plementation of PBL provided before the students’ graduation facilitates students probing
into industrial practices and to discover social problems in order to solve them. PBL is a
student-based learning process. By recognizing the connection between knowledge and
reality and having interest and competence in active learning, it compensates for the
disadvantages of traditional instruction and results in more meaningful and effective
learning outcomes for students. The PBL approach is related to issues in reality and there
are no standard answers to questions posed by PBL so learners must constantly think, study
the problems and develop solutions to solve them. The teachers who applied the PBL
process in the practical monograph course indicated that it was indeed effective in culti-
vating the learners’ critical thinking and problem solving competences.

Quantitative analyses
As to the quantitative study, the questionnaire survey was conducted by applying the

“industrial-oriented competences scale” developed by Yeh et al. (2010) in a pretest before
PBL and a posttest after PBL. Statistical analysis was conducted by descriptive statistics,
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Table 2 Profile of the participants

Background variables Group Number of people Percentage (%)
Gender Male 27 52.9
Female 24 47.1
Daily studying time None 9 17.6
Within 1 h 28 54.9
1-2h 11 21.6
Above 2 h 3 5.9
Planning after graduation Advanced study 7 13.7
Employment 34 66.7
Military service 10 19.6

Table 3 Paired sample 7 test

Variables Pre-test Post-test t value p value 95 % CI
(n = 51) (n=151)

Mean SD Mean SD LL UL

Generic competence 1241 234 1422 194 -418 p<.001 -2.67 —-094

Professional competence 20.80 3.99 2355 385 -356 p<.01 —-430 -1.19

Workforce competence 18.16 3.11 19.78 3775 =224 p<.05 -=3.09 -0.17

Total scale of industrial-oriented 5137 7.83 57.55 833 -391 p<.001 -935 -3.00
competences

df = 50

paired sample ¢ test. Table 2 showed the profile of 51 students who participated the class.
The number of males and females were similar. Regarding “daily studying time,” there
were 48 students who spent less than 2 hours daily in studying. Some of them worked part-
time after school hours due to their family financial condition. This means that with a busy
studying life, students still arranged time to review their work. As to “plans after
graduation,” rather than studying for an advanced degree, most of the students have chosen
to work full-time, except for the time required for national mandatory military service
applied to all for male students. Most students treat jobs as their first priority and they plan
to apply their competences to the industrial world after graduation.

Table 3 showed the paired sample ¢ test of pre-test and post-test of 51 students for each
competence category. “Generic competence,” “Professional competence,” and “Work-
force competence” all revealed significant difference between pre-test and post-test. All
mean values of post-test were significantly higher than the mean values of pre-test. Overall,
the “industrial-oriented competences” also revealed significant differences between pre-
test and post-test. In summary, PBL can actually enhance industrial-oriented competences
of business and management-majored students.

As the results in Table 4 showed, the categories of male and female do not reveal
significant difference in scores of sub-scales “generic competence,” “professional com-
petence,” “workforce competence,” and total scale of “industrial-oriented competences.”
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Table 4 Independent sample ¢ test of different gender

Variables Male (n = 27) Female (n = 24)  Sig(2-tailed) # test

Mean SD Mean SD

Total scale of industrial-oriented competences 56.78 8.74 5842 7.94 —-0.70
Sub-scale of generic competence
Generic competence 14.15 2.05 14.29 1.85 —0.26
1. Using computers 3.89  0.70 3.79 0.78 0.47
2. Communication 356  0.70 3.88 0.74 —1.58
3. Language skills 3.15 0.77 3.17 0.70 —0.09
4. Problem-analysis and problem-solving 356  0.70 3.46 0.51 0.56
Sub-scale of professional competence
Professional competence 2330  4.06  23.83 3.66 —0.49
1. Production and operation management 344  0.64 3.50 0.72 -0.29
2. Marketing management 337  0.63 3.38 0.82 —0.02
3. Customers relationship management 359 0.5 3.63 0.82 —0.15
4. Human resources management 356  0.64 3.79 0.78 —-1.19
5. Financial management 326 094 3.04 0.62 0.98
6. Accounting and statistical analysis 2.93 0.87 3.04 0.69 —0.52
7. E-commerce applications 3.15 0.99 3.46 1.02 —1.10
Sub-scale of workforce competence
Workforce competence 19.33 3.97 20.29 3.51 —-0.91
1. Team work 4.07  0.78 4.38 0.77 —1.38
2. Self-learning 385 095 3.92 0.83 —0.26
3. Self-discipline 4.07 078 4.04 0.69 0.16
4. Leadership 3.48 0.98 3.79 0.88 —1.18
5. Work ethic 385  0.99 4.17 1.01 —1.13

PBL teaching was conducted on heterogeneity student groups. Students contributed their
knowledge and experience through cooperative learning processes. Therefore, males’ and
females’ industrial-oriented competences were not different due to gender after PBL.

Conclusions

This study applied PBL to a practical monograph course of business management
education in technological and vocational institutes. Both qualitative study and quantitative
study were conducted. By applying PBL in the practical monograph course, the researcher
investigated the influence on students’ industrial-oriented competences. According to the
observation in the classroom and interview with students and the teachers, after the im-
plementation of PBL, the instructional activities became more interesting to students. The
learning method changed from static to dynamic. The learning weblog, in particular, not
only drew students’ attention and increased their learning interests, but also allowed stu-
dents to review their work on line at home. The forum can enhance the interaction between
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teachers and students, and between students. All of the students in the practical monograph
course indicated that they were satisfied with PBL.

By applying PBL in a practical monograph course, teachers may feel there is an extra
workload to prepare for, such as teaching plans, observations in classroom, interviews and
journals of reflection. However, after being made familiar by experience with the whole
process of PBL, teachers were able to enjoy it and were satisfied with students’ learning
motivation and increased learning outcomes. It significantly enhanced the development of
instructional knowledge and capability. After PBL, students’ industrial-oriented compe-
tences revealed significant differences in pre-test and post-test. It showed that PBL is a
preferred teaching approach to train the learners’ high level of thinking competence. The
instructors played the role of promoters or instructors, and learners gradually constructed
knowledge by team work and self-learning. Students make significant progress in learning
outcomes by being stimulated with realistic questions. It demonstrated the results of
Hallinger and Bridges (2010) that PBL can be applied to management education and
improved student’s learning outcomes. This study adopted the “scale of graduates’ in-
dustrial orientation competences in the business management department of technological
and vocational institutes” of Yeh et al. (2010) as a tool of quantitative study. The result
shows that it can measure industrial-oriented competences of business and management-
majored students in technological universities. Teachers can implement individual guid-
ance or adjust course content and teaching approach according to students’ competences.
Thus, students can be equipped with industrial-oriented competence needed by the
workplace before graduation.

Following the above analysis, some suggestions for future research are: First, teachers
of management education should follow the implementation strategy of PBL applied in this
study. By using the industrial-oriented competences scale, they will be able to recognize
students’ learning needs and outcomes regarding generic, professional, and workforce
competences for the cultivation of industrial-oriented core competences. Thus, students
could learn industrial-oriented competences through practical courses in business and
management colleges and be prepared for employment after graduation. Second, the ad-
ministration departments of schools should investigate the graduating management stu-
dents by this scale to allow the students to find whether their competences learned in the
4 years of college meet the demand in the industrial world. Finally, for the objectivity of
“industrial-oriented competences scale,” future researchers should investigate manage-
ment students in greater scope in order to construct a normal model as criterion for
educational units. They can extend competence measurements based on the 16 core
competences developed by Yeh et al. (2010).

Understanding the importance of critical industrial-oriented competences for business-
major college students is crucial in successful core competence development for modern
firms. Thus, this study investigated the influences of PBL in practical monograph classes
on the industrial-oriented competences at technological universities. The research findings
can shed light on the teaching and learning strategy of college students’ industrial-oriented
competences. Explicitly, after participating in and observing the classrooms, as well as
reviewing teachers’ instructional journals and semi-structural interviews, the results of this
current study can be concluded as the following: (1) Though practical monograph was
originally intended as a lecture-type course, after applying PBL to practical monograph,
the instructional activity became more interesting and enhanced the students’ learning
outcomes; (2) By using the SGIOC questionnaire, the questionnaire survey conducted to
investigate students’ industrial-oriented generic, professional and workforce competences,
students would then recognize their current industrial-oriented competences and
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competence-items that needed to be further enhanced. This significantly enhanced and
equipped their competences in future workplaces after graduation. (3) By applying the PBL
approach in the practical monograph course, the teaching and learning strategy was proven
to actually encourage students to learn proactively, and cultivate them with critical
thinking and problem solving knowledge, skills and attitudes to accumulate industrial-
oriented competences for their future career. Students searched for information they
needed and solved their problems according to the ever-changing circumstance. Both
observations in classroom and interview records have demonstrated positive outcomes.
The empirical results can serve as practical guidelines for the related practical monograph
courses of business and management education to be effectively designed and imple-
mented with care to avoid the risk to attenuate business college students’ interests as well
as increase their proficiency of industrial-oriented core competences. The researchers in
this study expect the findings to contribute to the theoretical implications and for the future
of educational and industrial development to help avoid current discrepancies and close the
gap between vocational education and the practical demands of industries.
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