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ABSTRACT

To adapt the demands for cultivating the targehighly-quality talents in the 21st century, thedsnts' scientific
thinking ability and innovation ability should beltivated in the teaching. Chemistry is based gmeexnents, and
the experiments play an important role in inquiridgnowledge, mastering studying methods of science,
experiencing studying process and developing theestts' scientific thinking ability. The importancé the
scientific thinking methods in the college classnomaching was described in this paper. How toicatié students'
scientific thinking methods in the course Inorgaain Analytical Chemistry was mainly introduced.sTimulate

the students' interest in learning, train the stoidé scientific thinking, and make students master scientific
experiment methods and experience study procesaghrthe reform of traditional teaching modes awndtents

can effectively improve the students' learningiefficy and quality.
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INTRODUCTION

The 21st century is the age of knowledge econoraogay, in the explosion of knowledge and the prongpif
quality education, colleges and universities shaitech importance to cultivating the student®rsific thinking
methods, and systematically carry out thinkingnireg for college students, guide the students tetenahe correct
scientific thinking methods and constantly enabke students to go beyond themselves and perfettstiees. In
order to really reach the goal of cultivating thedents' scientific thinking, scientific methodsdasctientific spirit,
not only the course about scientific thinking methahould be set up but also the scientific thigldnd scientific
methods should be integrated into the classrooohieg to stimulate the students' interest in leggrand enhance
the students' innovation consciousness. To cartyimmovative education, and cultivate the studeimisbvation
consciousness, innovation spirit and innovatiotitghs the basic task of higher education [1].

In the optimization of the knowledge structure, gtadents should be subject to edification and &iilue of
scientific thinking, scientific methods, scientifepirit, engineering consciousness and engineeamethods in
various teaching process, so as to improve theestadcomprehensive quality [2]. As a course omganic and
analytical chemistry in the first grade of univéysits teaching aim is not only to impart the lsakhowledge of
chemistry but more importantly to cultivate the dgnts' abilities to obtain new knowledge and thierdific
thinking methods. The students' scientific thinkaglity and innovation ability can be cultivatedi three aspects
such as teaching thoughts, teaching contents awctiitey methods.

THE IMPORTANCE OF THE SCIENTIFIC THINKING METHODSIN THE UNIVERSITY

CLASSROOM TEACHING

It is the thinking quality foundation to train thletudents' scientific thinking methods to form arelelop the
innovative consciousness and innovation abilitye ™tientific methods are that the generic nameirafirfg
problems, proposing hypothesis, gathering factalyais and demonstration, process of rethinking sman for
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people required quality and follow the ways and mseia the process of scientific research, includhry practice
skills and methods and thinking skills and methf&]sPaying attention to training the students'atine thinking

and cultivating creative talent is the trend of madeducation development. Engels said: “if a matiants to stand
in the forefront of science, even for a moment nahdo without theoretical thinking.” The highlyfigirentiated

and highly integrated unified characteristics toe thodern times scientific research makes the rhdemendence
of dialectical thinking and scientific research e more closely. The basic spirit of dialectidaihking has
penetrated in modern scientific research methddkete is a lack of the dialectical thinking medpthe scientific
research can't do anything. At the same time, nmoderentific research methods and achievementgteramd

deepen the dialectical thinking methods, and furgitemote the dialectical thinking methods spedifiti accurate.
Scientific behavior and habits, and scientifictatte, spirit and scientific values belong to noteliilgence factors,
and it plays a very important role for the sucaglsstiltivation of talents. The goal of scientifiuirtking is to reveal
the nature, structure and function of the objecs@éntific research in the scientific researclveet the causal
relations between things and the regularity ofieffahange, so as to get scientific discovery [4].

Paying attention to the training of the studert&@rgific thinking methods is the embodiment of gl of quality

education, and is also relying on the students'prehensive ability development. Capabilities inelulinking

ability, reading ability, writing ability, experinmdal ability, research ability, self-learning abjland so on. Having
the knowledge of people doesn't necessarily hageatiilities, but the abilities of those must havewledge.

Abilities are contained in the knowledge, and tegtihe light of wisdom of the abilities radiated oeeds to rely on
the development of creative thinking methods. Lagdii points out: the focus of education is to tetee students
to master the necessary cultural knowledge, asdlinge time, and teach the students to acquire theknewledge

of methods and abilities, and enable the studenapply the learned knowledge and methods andnstantly add
new knowledge and solve new problems, so as to theateeds of social development. Training studienisaster
the scientific thinking methods so that the studdmive the abilities to solve practical problemshis core of
quality education. llliteracy in the future will hbe without the knowledge of the people, but douraerstand the
scientific thinking methods and how to obtain kneelde of the people. Therefore, teachers shouldch tdae

students the methods and abilities to acquire nrewledge.

The scientific thinking methods is formed and agghlin the ways and means of the scientific undedstg activity
and the human brain with the aid of the informatemd symbols on the perceptual materials procesBee.
scientific methods are the realization of the beidGom knowledge into abilities, and the formula is
knowledge-method-ability. The methods of scientifimking are the key in the process of human fpecif the
tool is mastered, it will greatly improve our atiés to solve various problems. To improve oneltucal quality,
the first is to master the necessary basic knoveedyl basic theory, the second is to master tleatfté thinking
methods. According to the survey, a person can belybtained his knowledge required about 10% duitire
study at school, and the remaining 90% of the kedgé need to get through the learning in the futwoiks. The
students of mastering the scientific methods véllable to quickly obtain scientific knowledge, ®tter profoundly
understand the laws of science, to comprehend ¢hsons the emergence and the development, to kmew t
scientific process [5]. If a person did not leaowhto learn in school, did not grasp the scientifinking methods,
it is difficult for him to have great progress aciative work in the future. In order to make thedents learn to
study and train the scientific thinking method® teachers must be good at using the holistic a@vw@and system
methods, and carefully design the scheme of trgitiie students' scientific thinking methods. Theekers need to
continuously exploration, enrich and perfect howaory out the training of the scientific thinkiagd the scientific
literacy for the students in the basic chemistasstoom teaching [6]. How to arouse the studemtts'dst and their
creative thinking is an important issue in thernstional design of inorganic and analytical cheryis

CULTIVATION OF THE SCIENTIFIC THINKING METHODSIN THEORY TEACHING

The traditional teaching modes and teaching costsinduld be reformed, so as to cultivate the ststisaientific
thinking and stimulate the students' interest srding. The teaching goal of inorganic and anadytmhemistry
course is to guarantee the students with the iglsilib analyze and solve the practical problemas€bom teaching
is not only a process of knowledge but also a m®ad scientific quality training. Although the diional teaching
methods are effective methods for imparting knogéedyet only by the traditional teaching methods @rable to
mobilize the students' enthusiasm. Markov Chan: $diebch students to think, this is the most valeahing to
them in the life.” Teaching students to masterde®y methods and scientific research skills, andligg the
student to carry on the scientific thinking, andtigating their practical abilities to apply the ggession scientific
knowledge, methods and technology, and to creaded&tover new knowledge and open new technolodl, w
have a far-reaching impact on the students' futumeéx and life [7].

Teachers should be good at guiding students' thinkariation, pay attention to the students' rdléndependent
construction of knowledge and abilities in the m®x of finding problems and solving the problem. aAbasic
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course on inorganic and analytical chemistry wtdoh of the more course contents and less houpsistforward
higher requirements for teachers who must constaptiiate the teaching contents and reform the tegchethods,
the teaching means and the examination methodscdumse contents of inorganic and analytical cheyniavolve
the basic theory of atomic and molecular structuhe basic principle of chemical reaction, the civam
equilibrium in solution, the chemical analysis, tteemical elements, conventional instrument ansilgsid so on.
The course teaching could not exhaustive, shoutds@n to teach the students' the ideas and mefhmusthe
teachers understanding of the classroom teachingets and the scientists solving the problem, nth&estudents
understand the thinking track which scientists aligc and create, and learn the scientific thinkiteghods [8]. The
teachers should reasonably and hierarchically gerahe lecture contents based on understandingetiehing
materials, and should focus on the difficult ang gelidance, focus on the briefly explaining and toenparative
analysis, such as the four major chemical equiliorand the four kinds of titration analysis metho#isthe same
time, the teachers should pay attention to introdudhe subject frontier knowledge. Only while imiirag
knowledge, paying attention to the scientific thimktraining can really improve the quality of teag. Therefore,
on teaching contents, we mainly speak on the keydifficulties, the ideas, the methods and thdiegtpons. The
interactive teaching mode of the integration ofctéag and learning, namely “teaching in class, aodrricular
lectures, guidance and answering, examination aatligtion”, has formed. This mode not only paysraton to
the cultivation of the students' scientific thingimethods, and pays attention to the training efdtudents' the
innovation spirit and the independent learningigbil

“Learning without thought means labour lost, thougtthout learning is perilous.” In teaching, weositd not only
emphasize the importance of thinking but also payemattention to the scientific thinking methodse Bhould
create conditions for the students in the couraehi@g of inorganic and analytical chemistry, le¢ students to
reflect on the contents learned, and ask questiadsthinking about the solution of the problem. cfeas should
pay attention to the asking questions and the rdass discussions, let the students analyze the afdisrmation.
For example, when the solubility produgs, and the transformation of precipitations wereddtrced, and this,
values were not to give the students, we guidesthdents to verify the solubility of AgCl and Agy lusing the
experimental methods. Adding the 0.1 mol/L NaCusoh will have a white precipitate of AgCl in ti@el mol/L
AgNO; solution. Then adding the Kl solution, the whitegpitate of AgCl is transformed into a yellow pigtate
of Agl. But when the 0.1 mol/L NaCl solution is attito the yellow precipitate of Agl, the color bétprecipitation
is not changed. This indicates that AgCl preciptatcan be transformed into Agl precipitation, aAdl
precipitation cannot be transformed into AgCI ppé&eition, and the solubility of Agl is less tharetholubility of
AgCI. Through the knowledge of the positive teaghémd the reverse experiment, the students' thgrédnility has
been trained.

The main functions of classroom teaching do notilinhe knowledge of books, but should be the systic
interpretation of knowledge by the combination leédry and practice. The teachers should prepaseres and
should improve the level and ability to control tiassroom, and leave notes to increase the fdrrdeztion with
the heuristic teaching. Inorganic and analyticamafstry course is arranged for the first gradeniversity. This
course of study is not only in the knowledge acclaon and strengthen but also greatly improved|daening
ability. We asked the students to preview befoasslinteract in class, summarize after class|esrd how to learn.
The classroom teaching should make the students feahinking, learn to ask questions. We askedstiudents to
self-study for some contents of teaching, and reguthe students to consult the relevant academoimals for
some extension of the contents. Let the studerits tiie small paper, discuss in class, and firslijymarize by the
teachers. This can stimulate the students to exmlorsome questions. The process of the discusgienteaching
is: the teacher assigned topic, the students tetldnformation, writing papers, the students dworg the teachers
and the students ask questions, discussion, ttehdéeanade the summary, and the evaluation of tbaltse
Therefore, the scientific thinking and methods iateoduced into classroom teaching, which help ¢vedop the
students' interest in learning, stimulate the sttglescientific research potential, and enhancesthéents' abilities
of finding problems, independently analysing pr@altproblems and solving specific problems.

Examination is an important part of teaching whighot only helpful for inspecting the teaching lifyebut also an
important means for examining the teaching effébe reform of the examination methods is constardlyied out,
and the cultivation of scientific thinking methodsstrengthened. The students are encouraged t® the reading
book report and technology “small paper”. Cultingtithe students' the consciousness, habit andiebilbf
scientific research will help the students to usthnd deeply the chemical knowledge and comprevensi
application. Comprehensive evaluation of the figahde is composed of attendance, homework, classroo
guestioning, the unit test and the final exam gsadde reading report and the course paper wilbxtiea points.
The total score will be added 1 to 10 points accgrdio the quality of writing. If it can achieveetpublished level
the total score can be added 10 points, but no thare100 points.
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STRENGTHEN TRAINING OF THE SCIENTIFIC THINKING METHODSIN EXPERIMENTAL
TEACHING

Chemical experiments play an important role innireg students' scientific thinking methods and rstifie research
capability. Chemistry is a subject based on expaminthe scientific methods and scientific literafyeducation to
the students is particularly important use of cluainéxperiment teaching. It plays an irreplaceable in chemical
experiment to obtain scientific knowledge, master scientific methods, experience with the scienfifocess, and
culture scientific thinking ability and methodstime aspect of students. The experimental teachkingpcovide the
experimental facts for the students to a corredetstanding the matter and its changing rule, & &gurpose,
exploration, reality and susceptible to intellettTderefore, the goal of experiment teaching stidry to cultivate
the students' the scientific research consciousaedshe research ability, improve their skills anethods of the
exploring experiment. Anbang Dai pointed out: chegheducation for only teaching knowledge and tetdgy of
chemistry is one-sided, and the comprehensive d#&rmaducation not only should teach the chemicahkedge
and skills, and train the scientific methods andkimg, but also should culture the scientific gpgmd moral, the
students are the learning subject in the chemixae@ments, under the guidance of the teacherisirigastudents
solve the chemical problems through the experimearid the intelligence of the students is all deped. The
chemical experiment is one of the most effectiaeldng modality of chemistry education, and it baip students
to establish and strengthen the chemical basicepiacand basic theories, obtain the chemical krogdeand
culture the scientific quality.

The experiment is the base of chemistry teachind,the experimental teaching can help student®migtto learn
the system chemistry knowledge, but also to mabkeerscientific methods of knowledge. The formatand the
development of chemical science are based on theriexents. The experiments in the chemistry teachiave
provided the experimental facts which correctly enstnd the material properties and the change rfolethe
students, and each of the knowledge learned paimseverally connected into the line through thiests, and then
form knowledge network system. Chemistry experimisnthe entry wizard and means of the knowledge of
chemistry, the chemical concept is formed by thpeexnental facts, is rose to the chemical laws, Hrah is
weaved the knowledge network and built the knowdefigmework. This is thinking process from the wédo the
inside, proceed from the one to the other, distaediross and select the essential, eliminateatlse &ind retain the
true. In the experimental teaching, we use theistrteaching and the study-discuss teaching patend pay
attention to the cultivation of the scientific thking methods and the research methods for the istsidend cultivate
the students' the logical thinking ability, innoeat ability, self-learning ability and the analysid solving
guestion ability, and stimulate the students' tiierest in learning. The teachers should guidelyirtee students to
observe the experimental process through combthi@gxperimental phenomena, stimulate thinkingvaiets, and
realize the leap from the perceptual stage todktienal stage. The teaching process of the cheraiqariments is
filled with training and exercising the studenkshking quality opportunity from first to last.

“Thinking” from “doubting”, questioning is an effége method to cultivate the students' thinkinghaii¢s. The

students' thinking activities are started in thgemt need of solving new problems. In the expertalg¢raching, the
teacher should give full play to the role of quasiing so that the experiment contents and the éebkmowledge
are of specific, systematic and problem, and imsghe students' strong desire for knowledge sotheastudents
always maintain effective and active thinking. Eeample, entitled “preparation of the ammoniumdas sulfate
experiment”, the experiment must be carried ot fame hood, but the entire laboratory can stikklie stench.
Compared with the green chemical requirementspthparation experiment of ammonium ferrous sulfete the
following two shortcomings: the first is the exhtigas to be governance, and the second is thenahititilization

of the raw materials which has not reached the mari. The students take these problems into coraidar and
improve the experiment with the idea of green clsényi This can not only improve the students' tharring

interest and consolidate the learned knowledgealaat cultivate the students' independent thinkibdity. The

experimental device is closed by the improvemeetaBise of the iron impurity, the,5and S@Qwaste gas which
generated in the preparation reaction is recyclgdthe alkali liquor bottle. After the improved degi the

experiment is not performed in a fume hood, butdear't smell the stench [9]. Therefore, improving preparation
experiment of ammonium ferrous sulfate is the cetgcapplication of the guiding ideology of greeemistry. This

will help to develop the students' environmentaltgction awareness, and establish the full utibraof resources,
and implement the green chemical technology thaughthe same time, the students become practitiooegreen
chemistry to lay the foundation in the future exmpents, the graduation thesis designing and fuimex.

The reform of the course system and the experirheptatents of inorganic and analytical chemistrperxment
should start with training the students' scientiffimking, mastering scientific experimental meth@hd improving
the students' comprehensive practical ability ambvation consciousness, and the experimental ira&ystem
and experiment teaching contents should be gradaptimized and improved. Strengthening the gremsmastry
education, reforming the traditional chemical expent contents, and implementing the green chemical
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experiment in chemistry experimental teaching iseforesent the general trend, this is also theifspapplication
of the scientific thinking methods in experimenadhking reform. How to put the idea of green chewigt
university chemistry teaching, and reduce enviramaepollution in the chemical experiment, enhatiheestudents'
awareness of environmental protection, is an ingmrpart of the chemical education, and is alsew topic of
chemical experimental teaching reform. The esthblent and improvement of green inorganic and aicalyt
chemistry experiment system will be advantageousth® related professional university freshmen fyrml
establishing the green chemical concept and théramaental protection consciousness. Thus, the esiisd
consciously use to lay a solid foundation for thesthods in future.

From the experiences of experimental teaching me$ptooking for substitutes, implementing the miexperiment,
developing the sealed experiment and series expatjmempoldering simulated experiment, and recgclin
experiment products are an important way to redheegreen inorganic and analytical chemistry eixpent. For
example, the product of the preparation experineér@mmonium ferrous sulfate can be used as rawriakfer
synthesis of KFe(G0O,)s]. Therefore, abandoning the heavily-polluted ttiadal chemical experiments and
exploring of the green transformation of chemicapeariment is the direction of the struggle of chetnyi
experiment educators. In the inorganic and analthemistry experiment teaching, we pay attentioimnovation
based on inheriting the traditional contents, inseethe design experiment, strengthen compreheespeariment,
and reduce the verification experiment. Throughititegration of the original experimental projetie contents of
experiment teaching system have been the overdilination. In teaching, we pay attention to cuting the
students' awareness of environmental protectiostjllithe concept of green chemistry, actively gaout the
research of the green chemistry experiment, anch@®the green chemistry experiment teaching.

According to the characteristics of inorganic anublgtical chemistry experiment, the traditional wtieal
experiments have been carried out the transformatith the green chemistry concept, and the minizdtion
preparation experiments, reduction analytical clsémpiexperiments and green experimental contents baen
established [10]. Such as the titration analysjzeerent, the concentration of standard solutiore@uced from
0.1 mol/L to 0.01 or 0.02 mol/L, burette is changed25 mL, and the conical flask is replaced by 1@l [11].
Because the reagent consumption is greatly redubedsafety of experiments is improved. Because“iiree
wastes” the quantity is very few, the environmemtahditions are improved and the environmentalytialh is
greatly reduced. The teaching of inorganic andydital chemistry experiment can be completed inventional
instruments, and it can not only reduce the nunadfethemical reagents consumption and save the iexpetal
cost but also strengthen the students' consciosigienvironmental protection.

The designing ability of chemical experiment isaod training form for students' scientific thinkimgethods and
ability. The chemical experiment design is basedhenproblem and the condition to design the expental plans
of the solving problem, through the use of chem@gleriment methods learned, the students canebedtrect
choice and use of laboratory equipments, and cafiroo or adjust the experimental steps, captureréhevant
information, and analyze the experimental res#its.example, we require the students to desigrharse entitled
“synthesis and characterization of zinc glycindtelate”. The chemical experimental designs can rifakestudents
play the subjective role in experiment teaching] ancourage the students to do the experimenta| &od avoid
the students to do passively experiment. The cramixperimental designs require that the studesmtsflexibly
and creatively use the chemical basic knowledge skills learned. These provide a good environmerdt a
conditions for the development of the scientifignking methods and ability. The improvement of atific
thinking ability is not a simple inculcation, butet individual internalization and sublimation prssein the
independent study and practice. The experimenidlysif the independent subject can give full ptayhe students'
subjective role and status, and makes the studssitific thinking ability improve continuously practice [12].

In a word, through the teaching of inorganic andlyictal chemistry experiment, the teachers shaulitie the
students to habitually discover scientific problenmluce the students' thinking variation, pay ratt to the
students' role in independent construction of kealgk and abilities in the process of putting fodvguestions,
thinking and solving problems, cultivate and improthe students' the level and ability of scientifiinking
methods. Experimental teaching plays an importalat which cannot be replaced theory teaching and it is the
important way of quality-oriented education andrpoting the conversion of knowledge and abilities.

CONCLUSION
College should reform its education methods andegytihe students to develop scientific thinking rodth As an
experimentation of teaching reform, we put therdtdfie thinking mode in the teaching process of itm@rganic and

analytical chemistry curriculum, consciously cudti® the undergraduates to master the scientifikitig methods,
and make the students form a good habit of sciertifnking. This method of teaching can not ontiynsilate the
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students' interest in learning and improve thehigaceffect but also cultivate the students' selflg ability and
innovative ability. This can enable them to consslg use various scientific thinking methods in tsequent
course and future work, so as to improve the cohgsive abilities of solving problems.
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