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Abstract—The innovation ability of college students in scientific research is 

constrained by multiple factors. What is worse, the current talent training model 

in colleges faces many defects. To solve these problems, this paper aims to 

develop a talent cultivation model that effectively enhances the innovation 

ability of college students in scientific research. Firstly, the problems with the 

current talent cultivation model were analyzed, and then the evaluation 

indicator system was improved for the innovation ability of college students in 

scientific research. Next, entropy weight method and gray system theory were 

integrated to create an evaluation model that quantifies the innovation ability of 

college students in scientific research. On this basis, several strategies were put 

forward to improve the said ability. The research results help to effectively 

enhance the innovation ability of college students in scientific research, and 

optimize the talent cultivation model in colleges and universities. 

Keywords—Innovation ability in scientific research, colleges students, talent 

cultivation, evaluation model. 

1 Introduction 

With the continuous development and advancement of modern society, the demand 

for senior talents is becoming increasingly urgent. Higher education plays a very im-

portant role in the training of senior talents [1-3], especially in the fast-developing 

21st century, an era of knowledge and talents, there is a greater need for talents with 

innovation ability in scientific research; as a result, cultivating college students with 

innovation ability in scientific research has gradually become an important part of 

higher education, and it is also an inevitable process for the transformation of higher 

education from test-oriented education to quality-oriented education; moreover, it also 

has an important promotive effect on improving the college students’ comprehensive 

qualities [4-6]. Therefore, how to improve college students’ innovation ability in sci-

entific research has gradually become a hot topic in the research of higher education. 

Kuo et al. studied how to enhance the learning motivation and creativity of college 

students through the courses of STEM interdisciplinary PBL human-computer inter-

action system design and development [7]. Rejeb and Roussel took the creative work-

shop and manufacturing laboratory of technological universities in North Africa as 
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examples to research and analyze the issue of college students’ innovative learning 

[8]. Li et al. analyzed the problems existing in the cultivation of medical students' 

innovation ability in scientific research and gave corresponding countermeasures [9]. 

Peng et al. discussed how to promote the cultivation of students' innovation ability 

based on the opening of research labs in universities [10]. Wang et al. discussed and 

analyzed how to cultivate the innovation ability of college students majored in scien-

tific engineering in the context of new engineering disciplines [11]. Xie explored how 

to cultivate college students' innovation ability based on scientific research projects 

[12]. Gui studied how to enhance college students' innovation ability based on scien-

tific research practice [13]. Sharma et al. discussed how to motivate the scientific 

research spirit and passion of college students majored in science and engineering 

disciplines [14]. 

However, existing studies concerning how to improve college students’ innovation 

ability in scientific research mostly focus on strategic analysis, while in terms of the 

implementation mode of the cultivation of college students’ innovation ability in 

scientific research and the corresponding evaluation model, there’s still much room 

for further research. In particular, since different scholars have different perspectives 

on these issues, their understanding of the improvement of college students’ innova-

tion ability in scientific research vary as well, which has resulted in certain limitations 

in the application of the research results. To this end, based on a summary of existing 

research results, this paper further discusses and analyzes the improvement of the 

talent cultivation model of college students’ innovation ability in scientific research. 

The content of this paper includes 5 parts. The first part summarizes the problems 

existing in the research of college students’ innovation ability in scientific research; 

the second part analyzes the influencing factors and constraints of the improvement of 

college students’ innovation ability in scientific research; the third part constructs an 

improved evaluation system and an evaluation model for the college students’ innova-

tion ability in scientific research; the fourth part discusses the cultivation strategies 

and modes for improving college students’ innovation ability in scientific research; 

the fifth part gives the conclusion.  

2 Influencing Factors and Constraints of the Improvement of 

College Students’ Innovation Ability in Scientific Research 

Through investigation and analysis, this paper summarizes the influencing factors 

of the improvement of college students’ innovation ability in scientific research, the 

specific contents are as follows: 

2.1 Uneven government support for scientific research and imperfect research 

platforms in colleges and universities 

At present, the government's support for scientific research in colleges and univer-

sities is uneven. Key schools have plenty funds while ordinary schools receive rela-

tively few research funding. In order to promote education fairness, it is necessary to 
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gradually regulate and improve the research budget system and give full play to the 

government's role in the investment of basic research funding in colleges and univer-

sities. At present, although some colleges have provided opportunities for the scien-

tific research and innovation of students, for the massive college student group, 

there’re still certain limitations. The scientific research platforms in colleges and uni-

versities are important guarantees for improving college students’ innovation ability 

in scientific research. The construction of the research platforms includes hardware 

and software construction, wherein the hardware construction includes research labs, 

instruments and equipment, and scientific research teams, etc. The research platforms 

take their own development as the orientation, and constantly strengthen and expand 

themselves. Software system is corresponding to the hardware system, as the hard-

ware system is being improved and strengthened continuously, the software system 

seems to be relatively weak.  

2.2 Single path for the scientific research and innovation of college students 

In colleges and universities, the forms for college students to participate in scien-

tific research activities are limited, reviewing existing literatures and writing research 

papers are the main forms, and there are few applications for practical research and 

scientific research programs. When college students encounter scientific research 

problems, their primary method is to refer to library literatures and electronic re-

sources, however, for some schools, the construction of library and digital information 

is far from satisfying the requirements of the students. In addition, scientific research 

programs are the main way for college students to participate in scientific and techno-

logical innovation, but some schools have not paid enough attention to this, they have 

only taken innovation and starting a business as part of the employment guidance, 

while ignored the explanation of theoretical knowledge, resulting in that college stu-

dents know little about innovation. Only by combining theory with practice can we 

better trigger college students’ innovation consciousness. At present, college students 

generally lack practical experience in scientific research, which leads to that their 

willingness to participate in scientific research programs is not very strong. 

2.3 Insufficient motivation for the scientific research and innovation of college 

students 

The scientific research and innovation of college students often requires certain re-

search interest of students and the support of a scientific research atmosphere. How-

ever, at present, the academic atmosphere in some schools is not very good. On the 

one hand, the school's publicity for scientific innovation is not enough, students do 

not have much channels to acquire such information; on the other hand, although 

college students have realized the importance of scientific innovation to their own 

growth and development, due to the lack of perseverance and motivation, the difficul-

ties and resistance they encountered in scientific research activities cannot be solved 

in time, which usually make them shrink back at the sight of scientific research. 

Therefore, injecting continual impetus for college students to participate in scientific 
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research and innovation is an urgent problem to be solved for cultivating their innova-

tion ability in scientific research. In addition, a sound scientific research innovation 

reward and punishment mechanism will undoubtedly provide a huge impetus for the 

innovation of college students, and material rewards and spiritual satisfaction will 

stimulate their innovation potential. 

2.4 Incomplete system for the scientific research and innovation of college 

students 

To cultivate college students, the higher education schools should follow the prin-

ciple of combining teaching with the scientific research practice; scientific research 

and teaching are inseparable, the two have the relationship of the “source” and the 

“flow”. Scientific research has speculative feature, which can enhance the innovation 

ability of college students, and teaching can improve their reserves of the latest 

knowledge. Teaching knowledges and educating people are the primary tasks of col-

leges and universities; however, teaching and scientific research are mutually promo-

tive and reinforcing; to a certain extent, the teaching quality of colleges and universi-

ties depends on high-quality scientific research. Integrating scientific research into 

teaching can enhance the innovation spirit of college students, improve the scientific 

research level of the teachers, and it is helpful for teachers to enrich the teaching con-

tent in a timely manner, so that college students can get to know the cutting-edge 

research results as soon as possible; this provides a latest theoretical support for col-

lege students to participate in teachers' projects or various competitions, and how to 

perfect the system for the scientific innovation of college students is a very important 

research content. 

2.5 Superficial professional knowledge and theoretical foundation of college 

students and limited research time 

At present, due to the influence of club activities, teachers' teaching level, students’ 

self-control ability, and their lack of interest in the teaching content, the phenomenon 

of skipping classes is frequent. The weak professional knowledge reserve often makes 

it difficult for college students to get started in scientific research, and they often lack 

confidence in participating in scientific research activities. Interest is the best teacher, 

however, not every student is interested in scientific research. Colleges and universi-

ties should cultivate college students’ interest in their majors, constantly urge them to 

learn the professional theoretical knowledge, and consolidate the theoretical 

knowledge in the scientific research practice. Although many colleges have set up 

professional experimental courses to support college students' scientific research prac-

tice, most of the outcomes of the practice links are known, students just passively 

perform the experiments, and this method cannot effectively enhance their innovation 

ability. Guiding students to participate in their supervisors’ research programs, culti-

vating their ability in independent problem-solving, and deepening their understand-

ing and mastery of professional knowledge are effective ways to enhance their inno-
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vation ability in scientific research, and these are important research contents for 

higher education researchers.  

3 Evaluation System and Model for College Students’ 

Innovation Ability in Scientific Research 

Through the above analysis, we can see that the cultivation of college students’ in-

novation ability in scientific research is restricted by many influencing factors. To 

effectively enhance college students’ innovation ability in scientific research, it is 

necessary to well solve the problems of college students’ scientific innovation 

knowledge accumulation, the formation of scientific innovation thinking, the cultiva-

tion of scientific innovation behaviors, and the training of scientific innovation learn-

ing ability, etc. For this purpose, we need to make effective evaluation and analysis on 

college students’ innovation ability in scientific research, and find out the weak links 

in their innovation ability on this basis, and then implement strategies for existing 

problems, thereby forming a corresponding talent cultivation model.  

3.1 Construction of the evaluation system for college students’ innovation 

ability in scientific research 

This paper holds that, in order to effectively evaluate college students’ innovation 

ability in scientific research, the evaluation needs to be conducted based on four 

standards: learning ability, innovative thinking, integration ability and innovation 

achievements. In accordance with the scientific, objective, comprehensive and opera-

ble principles of college students’ scientific innovation ability evaluation indicator 

selection, this paper selected corresponding evaluation indicators under different crite-

ria and formed an integrated evaluation system for college students’ innovation ability 

in scientific research.  

In terms of the evaluation of college students’ scientific research and innovation, 

the learning ability indicator mainly reflects college students’ abilities in learning, 

absorbing, and transforming the newly acquired knowledge, it includes evaluation 

indicators such as their ability in independent learning, ability in research literature 

retrieval, ability in hot research topic absorption and digestion, and ability in research 

task regulation and control, and ability in scientific research practice (including exper-

iments, system development and scientific exploration activities conducted in the 

purpose of deepening the scientific research works). The innovative thinking indicator 

mainly reflects college students’ abilities and levels in scientific thinking and research 

perspectives, it includes evaluation indicators such as the ability to discover scientific 

research problems, the ability to analyze scientific research problems, the ability to 

solve scientific research problems, the ability to expand scientific research problems, 

and the ability to apply scientific knowledge. The integration ability indicator mainly 

reflects college students’ abilities and levels in professional knowledge crossover and 

integration, it includes evaluation indicators such as the ability in cross-discipline 

innovation, ability in teamwork, ability to complete research tasks, ability in research 
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paper writing, and ability to express scientific research problems, etc. The innovation 

achievement indicator mainly reflects college students’ achievements in scientific 

research and innovation, it includes evaluation indicators such as the number of scien-

tific innovation programs independently undertaken by college students, the number 

of provincial and ministerial-level and above scientific research programs participated 

by college students, number of times college students participating in provincial and 

ministerial-level and above science and technology contests, number of times college 

students receiving rewards in provincial and ministerial-level and above science and 

technology contests, number of high-quality research papers published by college 

students, the number of applied or authorized patents of college students, and the 

quality of academic dissertation written by college students. 

3.2 Processing of evaluation indicators of college students’ innovation ability 

in scientific research 

As can be seen from the evaluation system constructed above, there are many types 

of evaluation indicators for college students’ innovation ability in scientific research, 

and different evaluation indicators have different evaluation dimensions, therefore, 

these indicators need to be standardized. In order to make the expression more adapt-

able, this paper assumes that there are a total of m objects in the evaluation of college 

students’ innovation ability in scientific research, and there are a total of n evaluation 

indicators; for the i-th evaluation object, the initial value of the j-th evaluation indica-

tor is 𝑣𝑖𝑗 = [𝑣𝑖𝑗(𝑎), 𝑣𝑖𝑗(𝑏)],𝑣𝑖𝑗(𝑎) ≤ 𝑣𝑖𝑗(𝑏). 

If the j-th evaluation indicator is a benefit-type indicator, then the corresponding 

standardized value is: 
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After standardization, all evaluation indicators have the same metrics and all values 

are between 0-1, in such case, there’s no difference in the evaluation indicators, which 

can improve the reliability of the evaluation results.  
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3.3 Weights of evaluation indicators of college students’ innovation ability in 

scientific research based on the entropy weight method 

Since different evaluation indicators have different importance, they should be as-

signed to different weights. Entropy, as an effective measure for the ordered state 

analysis of disordered information in complex systems, has been widely applied in the 

engineering field [15-24]. Therefore, based on the entropy weight method, this paper 

determines the corresponding weights through the values of the evaluation objects 

with respect to the evaluation indicators, so as to make the evaluation results more 

objective.  

The values of m evaluation objects with respect to n evaluation indicators con-

structed the evaluation matrix U of the entropy weight method, namely: 
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Then the information entropy corresponding to the j-th evaluation indicator is: 
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Accordingly, the weight of the j-th evaluation indicator is: 
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It can be seen that: 0 ≤ 𝑤𝑗 ≤ 1, 𝑤1 +⋯+ 𝑤𝑗 +⋯+𝑤𝑛 = 1. 

3.4 Implementation of the evaluation model of college students’ innovation 

ability in scientific research based on gray relational analysis 

According to the gray system theory [25-29], the value range for the gray ideal in-

dicator of m evaluation objects with respect to the j-th evaluation indicator is: 
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As a result, the value sequence of the gray ideal indicator of the evaluation of col-

lege students’ innovation ability in scientific research is formed, namely: 
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Then, the maximum distance between the i-th evaluation object with respect to the 

j-th evaluation indicator and the gray ideal indicator value sequence u is: 
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where, |𝑢𝑗 − 𝑢𝑖𝑗|represents the fuzzy distance between the two. 

Correspondingly, the minimum distance between the i-th evaluation object with re-

spect to the j-th evaluation indicator and the gray ideal indicator value sequence u is: 
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According to the gray relational analysis method, the gray relational coefficient be-

tween the i-th evaluation object with respect to the j-th evaluation indicator and the 

gray ideal indicator value sequence u is: 
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where, 𝜌 is identification coefficient of gray relational analysis, 𝜌 ∈ [0,1], its value 

generally takes 𝜌 = 0.5. 

The indicator weights are obtained based on the entropy weight method, the com-

prehensive weighted gray relational degree between the i-th evaluation object and the 

gray ideal indicator value sequence u is: 
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According to the size of the comprehensive weighted gray relational degree 𝜎𝑖, the 

level of college students’ innovation ability could be determined; the greater the value 

of 𝜎𝑖, the stronger the innovation ability; a smaller 𝜎𝑖 value indicates insufficient in-

novation ability, then targeted countermeasures need to be adopted to enhance the 

innovation ability of college students.  

4 Cultivation Strategies and Models for Improving College 

Students’ Innovation Ability in Scientific Research 

This paper holds that the improvement of college students’ innovation ability in 

scientific research is not a job that can be done overnight, but a systematic project that 

needs to be implemented and optimized from multiple aspects. 
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4.1 Enhance college students' interest in scientific research, arouse their 

enthusiasm for participating in scientific research and innovation 

activities. 

The first step for the construction of the scientific research and innovation activity 

system is to explore college students’ interest in scientific research and guide them to 

actively participate in scientific research and innovation activities. However, college 

students tend to put their learning focus on classroom learning, they generally do not 

have the ability to carry out scientific research and innovation practice independently. 

Targeting at this issue, the schools can carry out a series of academic activities pro-

gressively, such as symposiums with famous teachers, or report meetings on hot re-

search topics in the professional fields; with academic conferences or activities as the 

carrier, schools could point out the directions for college students to participate in 

scientific research and innovation activities. The interest and values of contemporary 

college students exhibit a diversified and complicated trend, therefore, in the whole 

process of these activities, schools must thoroughly grasp the learning characteristics 

and weak links of students at all stages, and guide them to actively participate in sci-

entific research and innovation activities with scientific research tasks as the driving 

force.  

4.2 Cultivate college students' innovative thinking in scientific research and 

promote the crossover and integration of professional courses 

Cultivating college students' innovative thinking is helpful for the application and 

optimization of their professional knowledge system, it is an important link for pro-

moting their innovation ability in scientific research. Innovative thinking is closely 

related to the improvement of the intensity, density and synergy of scientific research 

and innovation activities of college students. In the classrooms, we should pay atten-

tion to the training of college students' divergent thinking ability, guide them to think 

independently and build a reasonable knowledge structure and a rich knowledge base; 

for college students, the more the professional knowledge reserves, the more fluent 

their scientific research thinking. To this end, in terms of curriculum setting of college 

students’ professional courses, the relevance with the discipline should be taken as the 

criteria, and comprehensive courses should be increased accordingly, so that a diversi-

fied curriculum system could be set up, and colleges students can contact more inter-

disciplinary subjects; in this way, we could guide college students to adopt a correct 

attitude toward interdisciplinary subjects, stimulate their interest, expand their 

knowledge scope, and thereby enabling them to think about scientific research prob-

lems from different angles. 

4.3 Cultivate college students’ scientific research and innovation methods and 

strengthen their innovation ability in scientific research 

Enhancement in the scientific research ability enables college students to solve sci-

entific research problems more accurately and quickly, which is of great significance 
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to the successful completion of the scientific research tasks. To this end, in the pro-

cess of cultivating the scientific research qualities of college students, schools can 

increase courses concerning the scientific research and innovation methods and pay 

attention to experimental and practical courses, moreover, we should provide more 

opportunities for college students to conduct profound observation and join in rele-

vant scientific research groups, so that they could apply their professional knowledge 

in a more flexible way, and have a deep understanding of the application situation and 

framework of the scientific research and innovation methods. In addition, by inviting 

well-known scientific research teams in the field and combining with scientific re-

search programs and application cases, the schools can teach college students about 

the scientific research and innovation methods, and the existing problems and defi-

ciencies, so that during the research process, they can integrate theory with practice; 

moreover, more attention should be paid to the scientific research openness and meth-

odological guidance of college students, so as to enhance their communication ability 

in scientific research. 

4.4 Pay attention to the scientific research and innovation practice of college 

students and build a mechanism for the full participation of supervisors 

In the process of college students' scientific research and innovation, supervisors 

are playing a very important role; they not only help to optimize college students’ 

thinking mode in scientific research, but also help them strengthen their ability to 

tackle scientific research problems. Therefore, in this process, under the guidance of 

the supervisors, we need to pay attention to the value of the scientific research pro-

grams, the balance of resource integration, the effectiveness of teamwork, and the 

rationality of outcome incubation, etc. In terms of the cultivation of college students’ 

innovation ability in scientific research, according to the relevance of the majors and 

disciplines, colleges and universities should select supervisors with different academic 

backgrounds and outstanding innovation consciousness and abilities in a targeted 

manner, form supervisor groups for the scientific research programs of college stu-

dents, and jointly supervise and guide the scientific research programs of college 

students. As individual college students, they can rely on the supervisor experimental 

platforms and scientific research team resources to carry out scientific research and 

innovation practice; moreover, with the help of a sound college student teaching-

research system, we can ensure that their professional course learning could catch up 

with the requirement of the times and the progress of the most advanced research, 

thereby effectively promoting college students’ innovation ability in scientific re-

search.  

4.5 Coordinate the scientific research and innovation process of college 

students and build a platform for their scientific research and innovation 

practice 

Colleges and universities need to encourage college students to actively participate 

in scientific research programs and practice, including various types of college student 
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science and technology competitions, academic exchange activities, and the supervi-

sors’ research projects, etc. From the perspective of discipline subdivision, colleges 

and universities need to coordinate college students’ scientific research and innova-

tion process concerning the research content of their majors and form a comprehen-

sive and systematic system for college students’ innovation ability in scientific re-

search. In order to support the construction of the system more effectively, from in-

side, schools should enhance their ability in discipline construction, from the outside, 

they also need to build innovation platforms among the schools, the research institu-

tions, and the enterprises, and form a school-enterprise united innovation mechanism. 

On the one hand, we should promote the construction of the college student scientific 

research and innovation platforms, strengthen the mutual communication of the re-

quirements of schools and enterprises, and provide multi-level research directions for 

college students, so that the research programs in which college students participate 

could be more targeted, valuable, and time-sensitive. On the other hand, promoting 

the communication and learning between college students and different-level re-

searchers not only enhances the exchange of scientific research questions among col-

lege students with different professional backgrounds, but also makes it easier to ra-

tionally allocate the scientific research and innovation resources and enhance the 

social recognition of college students' scientific research results, which is conductive 

to the incubation of college students’ scientific research achievements, to some extent, 

this also helps to trigger college students’ enthusiasm and initiative in scientific re-

search and innovation. 

5 Conclusion 

The main research results of the paper are reflected in the following aspects: 

1. The paper analyzed the deficiencies and problems existing in the cultivation of col-

lege students’ innovation ability in scientific research. Then on this basis, it con-

structed a more targeted evaluation system for college students’ innovation ability 

in scientific research, which provided theoretical support for the evaluation of col-

lege students’ innovation ability in scientific research. 

2. Based on entropy weight method and gray relational analysis, this paper construct-

ed a model for the evaluation of college students’ innovation ability in scientific re-

search. The model has clear physical meaning and strong objectivity, which pro-

vided a quantified calculation model for the effective evaluation of college stu-

dents’ innovation ability in scientific research. 

3. The paper proposed a series of strategies for the cultivation of college students’ in-

novation ability in scientific research, which further improved the current cultiva-

tion modes and provided effective support for improvement of college students’ 

innovation ability in scientific research. 
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