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Introduction

Problem-based learning (PBL) was introduced to an instru-
mental analysis course, which was a public basic course for
students from non-chemistry majors at Northeast Agricultural
University. Some principles and processes in the practice of
PBL are discussed, as well as investigations into the teaching
effect of PBL. The study indicated that although there were
some negative evaluations, the vast majority of students in the
PBL group were willing to accept the PBL method. Compared
with traditional teaching methods, PBL could significantly
improve the comprehensive ability and motivation of
students.

Owing to the rapid development of analytical science and
technology, new processes and methods have hastened the
development of instrumental analysis courses. Instrument
analysis has been widely used in various fields, such as phar-
maceuticals, life sciences, environmental science, agricultural
science, and food science, as a means of modern analysis and
testing. Hence, an instrumental analysis course is regarded as
one of the important basic courses for students in non-
chemistry majors in many agricultural universities. Because
students in instrument analysis courses are required to possess
knowledge of mathematics, physics, chemistry, precision in-
struments, and other multidisciplinary content, they have of-
ten experienced difficulties in the learning process, which has
resulted in low learning efficiency. The main limitation in the
teaching of an instrument analysis course for undergraduate
students is that most teachers follow traditional lecturing
methods. In traditional methods, teachers often take the cen-
tral role in class, while students assume a passive role.
Students only passively accept knowledge from teachers and
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find it difficult to develop critical thinking and understanding
in these classrooms [1, 2]. Therefore, there is an urgent need to
explore teaching methods for instrumental analysis courses
and make learning more efficient to meet the requirements
of different students.

PBL is considered to be a student-centered teaching meth-
od. In PBL, ill-structured problems related to a subject area are
often used to provide opportunities for interaction with others,
responses to or from others, and problem-solving to help en-
hance interactions and critical thinking [3, 4]. PBL is not a
new method of advocating education based on experience. In
PBL, students work together to solve problems, and they
should also analyze their working process to help them learn
more actively. It is anticipated that working on real-world
problems will help students relate them to their own learning.
After PBL was introduced to medical education by Barrows
[5], more and more research on PBL was carried out based on
this model. In the last 20 years, PBL was adopted in a variety
of professional education and training situations [6—8].

It was commonly agreed that problems with multiple an-
swers should be used as a vehicle to start PBL [9-11]. The
PBL students were presented with the problem and divided
into groups [12, 13]. Information provided by the teacher was
not sufficient to solve the problem and students would be
required to think deeply to clarify what the problem was and
what they needed to learn to propose a possible solution
[14—-16]. Students would develop critical thinking and
problem-solving skills [17]. PBL could effectively improve
the motivation of students and ability to access and process
information [18]. Research has suggested that the PBL expe-
rience for students might have a positive impact on academic
achievement, conceptual development, and attitudes towards
science courses [19-22].

In recent years, PBL has been introduced to various chem-
istry courses, such as analytical chemistry laboratories [23],
electrochemistry [24], pharmaceutical chemistry [25], envi-
ronmental chemistry [26, 27], physical chemistry [28], and
medicinal chemistry [29]. Some courses were aimed at
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chemistry majors and others were specific courses for envi-
ronmental, pharmacy, and other specialized students. Most
studies were limited to the application of PBL to courses with
a certain specialty and, as a consequence, most reported results
similar to those obtained for vocational training or profession-
al skills training. At the same time, the small sample size in
specialized courses, generally 10 to 50 students, might lead to
a conclusion with less universality. This study focused on the
application of the PBL method to an instrumental analysis
course, which was a public basic course for students from
many specialties at an agricultural university. The sample size
was more than 100 students. The study aimed to discuss prin-
ciples and processes in the practice of PBL. The attitudes of
students to PBL and teaching effects were also investigated.

Methodology

This study introduced PBL to students taking an instrumental
analysis course. All students were in their third semester and
non-chemistry majors at the Northeast Agricultural University
in China. Research lasted for 16 wk, interspersed with con-
ventional lectures. An experimental class of 142 students,
named the PBL group, and a traditional class of 116 students,
named the control group, were investigated. Students in the
PBL group were divided into small groups of three to five
students and followed the PBL approach, whereas those in
the control group were taught the instrumental analysis course
by traditional teaching methods. Specific problems were de-
veloping according to topics typically covered in the instru-
mental analysis course and distributed to the PBL groups at
the beginning of the semester. In the process, each group or-
ganized regular or irregular meetings every 1 or 2 wk and
leaders in each group were required to keep a detailed record
of'each meeting. Teachers should carefully read the minutes of
the meetings to assess the progress of the students. In addition,
teachers should attend meetings at least once a month.
Meetings could take various forms, including webinars.

The PBL procedure followed the steps outlined below:
Step | Grouping and task assignment This step should be
implemented at the beginning of the semester.
Analyze and clarify the problem At this stage, stu-
dents should collect relevant information from vari-
ous sources to analyze and clarify the problem. The
aim of this step is for students to realize what they
need to learn. This step lasts from the 2nd to the 5th
week of the semester.

Suggest possible methods From the 7th to the 10th
week, students are encouraged to indicate possible
methods to solve the problem. Oral and written re-
ports on the introduction and theory of possible

Step 2

Step 3
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analytical methods should be submitted in the mid-
dle and at the end of this stage, respectively.
Improvement of the details Students should work on
the details of the project, commonly including the
preparation and pretreatment of samples, specific
steps for determination, conditions and precautions,
and methods of data processing. This step lasts for 3
wk.

Summarize and evaluate At the end of the semester,
each group should submit its final report on how to
solve the problem. A PowerPoint presentation or
other document is required to summarize the project.
In addition, the working process for solving the
problem should be described in the report. The per-
formance of each group should be evaluated by both
the teacher and students in other groups.

Step 4

Step 5

Application of PBL in an instrumental analysis
course

Guided design and practice with the online learning
platform for PBL

In the PBL study, exploration was a necessary process to solve
the problem [9]. The curriculum should be planned in a spiral
manner, so that students build upon what they have already
learned continually. Students are not able to implement learn-
ing activities without appropriate learning resources.
Therefore, the acquisition of learning resources was an impor-
tant part of the students being able to solve the problem. With
the purpose of taking advantage of network resources as much
as possible, an online learning platform for PBL was built
(http://202.118.167.91/dahua/kesz/yqfxgg/default.asp). By
using the online learning platform, students could collect,
analyze, organize, and process relevant materials according
to their individual learning goals and tasks. They could use
the platform to visit commonly used free library, database, and
literature searching URLs, as well as find related links for
important test centers and well-known chemical websites to
obtain the latest information on instrument analysis. An online
question and answer system was specially designed to help
students solve the problem and provide students with effective
online learning guidance. The online learning platform could
guide the students to use the network resources more effec-
tively and provide a good interactive platform for study.

Grouping students into teams
The PBL and control groups were investigated to evaluate the

effect of PBL. Students in the PBL group followed the instru-
ment analysis course according to the PBL approach, whereas
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students in the control group were taught the instrument anal-
ysis course through a series of lectures.

Students in the PBL group were divided into groups, with
generally three to five students in each group. Grouping was
based on primary knowledge and learning attitudes, and stu-
dents at different levels were added to the same group to keep
groups heterogeneous, so that students could help and learn
from each other [10]. A leader of each group was designated
to act as the coordinator and organizer. Generally, the leader
should organize regular or irregular meetings, according to the
learning needs of their own group. Necessary materials for
learning should be provided by teachers at the start of PBL.

Definition of learning goals and problems

The problem and goals of learning should be designed accord-
ing to the following rule: the problem must be clear and the
results predictable. The difficulty of solving the problem
should correspond to abilities of the students. To perform the
task, students must seek additional resources and interact with
others. A suitable environment should be provided by teachers
to help students actively participate in learning activities and
try to propose possible solutions. After grouping, students
should discuss and analyze the problem, and explicitly state
the task and evaluation criteria. The key to PBL was to design
a suitable problem scenario, which was best related to the real
lives of students. At the same time, the problem should be
open-ended with no fixed answer to be conducive to cultivat-
ing creative thinking. In the initial trial of PBL, some prob-
lems were not sufficiently relevant to real life, so students
became disinterested. After investigation, we changed the
problems. Now, most problems are selected from real-world
examples, such as how to determine the content of vitamin B,
in energy drinks, how to determine pesticide residues in veg-
etables, or how to analyze the quality of water in the local
Songhua river. These problems were hot topics in real life,
so it was easier to evoke interest and enthusiasm from the
students. While working on the problems, students uncovered
what they really needed to know step by step. For example, if
they were trying to solve the problem of how to analyze the
quality of water in Songhua river, they found that they had to
clarify some points, such as evaluation standards, appraisal
contents, common pollutants in river, methods of sampling,
and pretreatment methods, before they could develop solu-
tions. In this way, the students' thinking and understanding
would gradually deepen, which was beneficial for completing
the course. As a result of a real-life story that fake wine led to
blindness, we proposed a unit problem for students, Analysis
of commercial Chinese spirit components, with the following
syllabus: (1) What are the main ingredients in spirits? What is
the national standard on the quality of spirits? (2) At present,
which methods can be used to analyze spirit components? (3)
What is the principle method of spirit analysis by gas

chromatography (GC)? (4) What is the basic structure of the
gas chromatograph? Which detector should be chosen? (5)
Which chromatographic and operating conditions are re-
quired? (6) What factors influence column performance and
resolution? (7) What methods are available for qualitative
analysis in this case? (8) What methods are available for quan-
titative analysis in this case? (9) What is the scope of GC? By
following the syllabus, students uncover relevant knowledge
of GC step by step.

The Role of Teachers in PBL

In PBL, the teacher’s role was greatly changed compared with
that in the traditional model. PBL instructors should emphasis
the student’s central position in learning, and act more like a
facilitator and observer than a teacher [15]. The teacher should
provide the necessary materials and guidance to facilitate stu-
dents to learn the vast amount of knowledge necessary for
solving the problem. In the early stages of the course, students
always asked: How does this course relate to my own major?
What do you want us to learn from this course? To ease the
student’s concerns, the teacher should introduce some appli-
cations of the instrument in a related subject, so that the stu-
dents can understand how the instrumental analysis course
relates to their professional course. For example, the determi-
nation of N, P, and K in soil samples; the determination of Na*
and Cu®* in water; the determination of glutathione S-
transferase (GST) activity in biological cells; and the determi-
nation of aspirin content in the drug were appropriate exam-
ples for students that were closely related to their professional
courses. Teachers should combine knowledge with practical
problems to improve the students’ interest in learning. They
should encourage students to get involved in the learning pro-
cess, and provide suitable suggestions on cooperation strate-
gies, communication skills, the definition of roles, and com-
petition with other groups. Teachers need to give appropriate
explanations and guidance, so that students understand how to
use the existing equipment and how to find materials related to
the task. Under these conditions, students can creatively solve
the problem with help from each other. Teachers should esti-
mate the learning efficiency and obtain feedback from stu-
dents. Teachers should rapidly master the situation for stu-
dents; they need to discover and mark changes in students
during the learning process, with respect to interest and moti-
vation, and make necessary adjustments to the groups. The
entire situation will influence the grades of the students.
Grades usually consist of two parts: team scores and individ-
ual scores. Both parts were evaluated by the teacher and group
members. Evaluation from different sources reflects the actual
performance of students more accurately.

To perform their duties well, the PBL teachers should fol-
low some basic principles. In the early stage, the teacher
should promote discussion and insure students are focusing
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on suitable aspects of the problem. They should help direct the
students to work in the right way to generate and deal with
information. This should be achieved by asking questions and
examining summaries. Adequate knowledge of and familiar-
ity with the students are necessary for teachers to perform their
duties. They should steer students in the right direction to
goals that are achievable. If the students try to work towards
a goal that is too comprehensive or spend too much time on
irrelevant aspects of the problem, the teachers must guide
them back in the right direction. The tutor should ask ques-
tions to make sure students reach an adequate depth of analy-
sis of the problem, not just the use of superficial knowledge
and explanations.

If there is conflict within the group or they make mistakes,
the teacher should help the group to see the problem — not just
solve the problem for the students. They could use appropriate
questions to guide students to realize their own mistakes. For
example, if students ignore the design of the standard curve,
they could be asked how to convert the peak area or absor-
bance to concentration. If the students ignored the procedure
of pretreatment, they could be asked what sample can be di-
rectly analyzed by liquid chromatography and can samples
that do not meet the requirements be analyzed. If students
ignore sampling processing, they could be asked how to en-
sure that the results can represent the true content in the
sample.

Changing role of students in the PBL teaching
method

PBL is a student-centered instructional strategy that is consid-
ered to be helpful to improve interactions and critical thinking
of students. PBL students are split into groups of three to five
people and a problem is given to the students before they are
taught. After the problem is given, the PBL group should
discuss and analyze the problem. The problem is solved based
on notes from the teacher that highlight and focus on the
important concepts. Getting additional information from other
sources, such as the internet and any articles or books related
to the course, is also encouraged. Students can obtain relevant
information by consulting books on the subject in the library,
looking up technical literature or articles in databases, or by
using a search engine to search in the internet. In addition to
the project proposal, the groups are required to prepare one or
two oral progress reports. Through self-directed learning in
groups, students might improve their abilities to express and
process information by explaining their own understanding of
the problem or by generating useful knowledge through group
discussions [11]. It could be helpful for students to overcome
their fears by realizing that others also face difficulties in
learning. The sense of accomplishment generated by answer-
ing each other’s questions encourages further participation
and develops positive interdependence and trust. Each group
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should submit a written report on the learning situation at the
end of the semester.

Teaching effect

Differences between PBL and traditional teaching methods
are shown in Table 1. The attitude of students towards PBL
and negative evaluations of PBL are shown in Tables 2 and 3,
respectively. The investigation indicated that most of the stu-
dents in the PBL group were willing to accept the teaching
method, despite some students criticizing PBL for being a
time-consuming process, with a heavy workload, too much
vague information, and a lack of trust. Results showed that
PBL had a great effect on the use of analytical methods and
instruments. Communication between students enhanced their
motivation to learn. Improved motivation resulted in a signif-
icant increase in the number of participants participating in
various projects, such as student innovation practical training
on pesticide residue analysis, food analysis, and other exper-
iments. Students with specialties in animal medicine, biolog-
ical engineering, and environmental science considered that
through this PBL course, their ability to review and analyze
the literature and analytical skills were improved. The im-
provements in scientific research abilities were fully reflected
in their graduation theses.

To evaluate the effects of the PBL model in an instrumental
analysis course, the authors collected the final scores of one
experimental class (PBL group) and one non-experimental
class (control group), and analyzed the results with SPSS 18,
as shown in Table 4. Data in Table 4 showed that the PBL
group achieved higher mean scores than those in the control
group, which meant that the PBL group was more effective
than the control group. Thus, PBL is an effective model for an
instrumental analysis course.

Current difficulties in PBL

Difficulty for students to obtain information
effectively

The ability to obtain and process information is a basic ability
that students must possess to follow PBL. In this era of infor-
mation explosion, it is necessary for students to master mod-
ern science and technology to obtain, process, and transfer
information effectively. In the context of an information-
based campus, students can obtain information in various
ways, such as from books in the library, literature in databases,
papers on the internet, or community and discussion groups
on the internet. Although the hardware available on campus
could meet the demand, some students, especially 1st-year
students, lacked relevant abilities.
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Table 1.

Comparison and analysis of PBL and traditional teaching methods

Comparative point PBL

Traditional teaching

Participation degree participation span wider; participation depth deeper

participation span more limited; participation depth

limited
Individual strong weak
responsibility
construction of understanding of knowledge is more accurate only recitation; understanding inaccuracies
professional
knowledge
Diversity of students obtain more resources through the network environment resources are limited in a traditional school classroom
knowledge and have more dissimilar knowledge environment and team members have similar
resources
Communication PBL provides more opportunities for communications; group members lack of communication skills
skills gain better communication skills
Explaining the easier to show the overall picture of the question to cooperation group teachers find it hard to show the overall picture of the
problem problem away from real life

Development of
problem-solving
skills

development of
self-directed
learning

more willing to learn by themselves

PBL helps students improve their problem-solving skills

the ability to solve problems is lacking

relies heavily on guidance from the teacher

Lack of student participation in group activities

Compared with traditional learning methods, more interaction
is needed in PBL. Favorable interactions help to solve diffi-
culties encountered in the learning process and establish the
collective concept, but some students are not active enough in
group discussions.

Inflexibility of teachers in the new role

The role of the teacher changes greatly in PBL, compared with
that in the traditional classroom. Some teachers felt puzzled by
the new role. By misunderstanding the new role, some
teachers acted too passively. They followed the student-
centered principle so thoroughly that they became completely
uninvolved, without providing the necessary materials and
guidance. In fact, the teacher is an important component of
the group. Teachers should guide the process and content to
help students to learn in groups. In addition, it was difficult for
teachers to guide all groups in detail. Graduate students work-
ing as teaching assistants would effectively improve this prob-
lem. Unfortunately, there were no such assistants in our case.

Table 2.  Attitude of students towards PBL (n = 142)

Attitude Enjoy Like Neutral Dislike  Greatly dislike
Numbers 41 73 11 6 1

Percentage  28.9 514 77 4.2 0.7

Conclusion

Instrumental analysis courses in universities are often taught
by traditional approaches that are often teacher-centered. This
study introduced a new teaching approach (PBL) for an in-
strumental analysis course. The attitude, performance, degree
of acceptance, and learning effects of students towards PBL
were investigated. Compared with the traditional teaching
model, PBL had the potential to provide motivation for stu-
dents. It showed advantages in many aspects, such as degree
of participation, individual accountability, construction of pro-
fessional knowledge, diversity of knowledge, improving
problem-solving skills, and self-directed learning; thus PBL
could significantly improve the comprehensive ability of stu-
dents. PBL is a new teaching approach that has proven to be
suitable for the instrumental analysis course in this study.
Limitations of this study mainly lie in the small number of
students and short study period, which might reduce the uni-
versality of the results. This study can be improved and

Table 3.  Students’ negative evaluation on PBL (n = 142)

Students’ negative evaluation on PBL Number Percentage

Time-consuming 58 40.8
Difficulty in understanding the key point 47 33.8
Worry about the final performance 66 46.5
Had difficulty obtaining enough information 32 22.5
Puzzled by vague information 54 38.0
Difficult to reach an agreement 47 33.1
Confused, puzzled, stressed, difficult to speak up 32 22.5
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Table 4. Comparison of mean scores of different groups in exams 9. Dahl B. What is the problem in problem-based learning in higher
education mathematics? Int J Eng Educ. 2017;4:1-14.

Group n Mean SD Standard error  Skewness 10. Weiss DM, Belland BR. PBL group autonomy in a high school
environmental science class. Tech Knowl Learn. 2017;1:1-25.

PBL 142 83.8521  8.50944 0.71410 -0.994 11.  Gallagher SA, Sher BT, Stepien WJ, Workman D. Implementing

Control 116  75.6810 1296457 1.20373 -0.621 problem-based learning in science classrooms. Sch Sci Math.
1995;95:136-46.

12.  Schwartz P, Webb G, Mennin S. Problem-based learning: case stud-

perfected in future research by choosing a larger sample and ies, experience and practice. lstied. Ablpgdqn: Routledge; 2001.
X . 13.  Barell JF. Problem-based learning: an inquiry approach. 2nd ed.
extending the learning cycle. Moreover, there was no labora- Thousand Oaks: Corwin Press: 2007
tory support for students to develop and modify their scheme. 14.  Woods DR. Problem-oriented learning, problem-based learning,
Although the task for students was only to build a possible problem-based synthesis, process oriented guided inquiry learning,
plan to solve the problem without testing and verifying the Peer—.led team le.armng, model-eliciting activities, and project-based
. . .. . learning: What is best for you? Ind Eng Chem Res. 2014;13:5337—
solution, it would be helpful for learning if they could work in 54,
a laboratory. Further studies on instrumental analysis courses 15. Larive CK. Problem-based learning in the analytical chemistry lab-
may focus on the effect of longer term PBL on the attitude, oratory course. Anal Bioanal Chem. 2004;3:357-9.
motivation, and satisfaction of students. 16. Etheljngton MB. Investigative primary science: a problem-based
learning approach. Aust. J Teach Educ. 2011;9:36-57.
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