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A B S T R A C T

With the widespread use of digital technologies such as big data, cloud computing and artificial intelligence

in higher education, how to establish a scientific and systematic evaluation system to turn the traditional

classroom with the one-way transmission of knowledge into an interactive space for exchanging ideas and

inspiring wisdom has become an essential task for human resource management in universities, and a key to

improving teaching quality. However, due to the debate between scientism and humanism in teaching evalu-

ation, studies related to teaching performance have been isolated from human resource management, result-

ing in the lack of a systematic vision and framework for such studies. Relevant studies are still limited to the

evaluation contents of different evaluation subjects. Evaluations also tend to focus only on the teaching pro-

cess, ignoring the objectives of talent training, making it difficult for evaluations to play a goal-oriented role

and hindering the further development of relevant studies. Therefore, this paper draws on human resource

management methodologies and analyzes knowledge teaching evaluation system characteristics in colleges

and universities in a big data context to construct a “multiple evaluations, trinity and four-step closed-loop”

big data-based knowledge teaching evaluation system. “Trinity” represents evaluation from three perfor-

mance dimensions: teaching effect, teaching behavior and teaching ability. “Multiple evaluations” represents

the design of teaching performance indicators based on teaching data, breaking the barriers between differ-

ent evaluation subjects. “Four-step closed-loop” draws on performance management theory to standardize

the teaching performance management process from four aspects: planning, implementation, evaluation,

and feedback. This evaluation system provides a systematic methodology for unifying the theory and practice

of innovative knowledge teaching evaluation system in universities in a big data context.
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Introduction

Advanced information technology (IT), represented by artificial

intelligence, big data, and mobile internet, is changing educational

philosophies, teaching methods, and roles of teachers and students in

higher education. Teachers are no longer transmitters of knowledge

but activators of cognitive activities, managers of teaching activities,

and supporters of learning activities. There is an urgent need to revo-

lutionize teacher performance evaluation, drive the deep integration

of modern IT and higher education, and continuously improve the

quality of higher education talent training. Many scholars try using

objective data recorded by various smart terminals to make predic-

tive assessments of emerging teaching modes such as online educa-

tion, flipped classrooms, and blended teaching through big data

mining and machine learning algorithms (Cruz-Jesus et al., 2020;

Golenhofen et al., 2020; Leal-Rodriguez and Albort-Morant, 2019).

However, scholars also contend whether the excellence of higher

education can be accurately measured, criticizing the tendency

towards quantitative managerialism based on objective data, limiting

the improvement of teaching quality and the achievement of teach-

ing objectives. The pervasive scientism versus humanism debate in

educational evaluation has been intensified, not dispelled by the

widespread use of IT. At present, research on teaching evaluation has

mainly focused on the evaluation content of different evaluation sub-

jects or the development of evaluation research on an emerging

teaching model, neglecting the objectives of talent training and
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making it difficult for evaluation to play a goal-oriented role. Further-

more, few studies have combined human resource management the-

ory with teaching evaluation (Lohman, 2021), resulting in a lack of a

systematic vision and framework for such research.

Therefore, this study conducts a bibliometric analysis of interna-

tional research on teaching performance, analyzes the current

research trends and hotspots in the field, reviews mainstream teach-

ing evaluation models, summarises the shortcomings of relevant

research, studies the factors that restrict the further development of

teaching evaluation, and proposes specific directions for improving

the innovation knowledge teaching evaluation system. This study

offers a "multiple evaluations, three-in-one and four-step closed-

loop" innovation leading evaluation system based on big data at three

levels: the main body of the innovation knowledge leading evalua-

tion system, the evaluation dimensions and the evaluation links. The

evaluation system aims to make up for the systematic deficiencies of

traditional knowledge teaching and establish a student-centred, out-

put-oriented and continuous improvement evaluation system for

innovative knowledge teaching. Its significance is mainly reflected in

the following three aspects: firstly, it breaks the barriers between dif-

ferent evaluation subjects, proposes the establishment of multiple

evaluation data sources based on big data, and innovates the teaching

performance evaluation strategy. Secondly, it expands the connota-

tion of teaching performance of university teachers in the era of big

data based on the logic of "ability - behavior - result" and enriches

the theory of teaching performance evaluation. Finally, it draws on

the PDCA management concept to standardize the teaching evalua-

tion process, providing a systematic methodology for university

teaching evaluation in the context of big data.

Literature review

This literature review summarises the current popular research

on knowledge teaching evaluation systems, analyzes the problems in

the research on knowledge teaching evaluation systems and pro-

poses directions for improving knowledge teaching evaluation sys-

tems.

Analysis of trends in knowledge teaching evaluation system

We used the Science Citation Index Expanded (SCIE), a citation

database in the Web of Science core collection, to understand the

research hotspots of the knowledge teaching evaluation system and

explore future developments. The search method was AK = “Teaching

Evaluation/Teaching Assessment/Instructional Evaluation/Teaching

Appraisal,” or AK = “Teaching Performance,” and Search until Decem-

ber 2021, resulting in 1125 documents. The basic information about

the issuance is shown in Fig. 1. Fig. 1(a) shows the number of pub-

lished articles about teaching evaluation until December 2021. From

1991 to 2002, the amounts of articles are small and had little change.

However, from 2003 to 2021, the amounts have increased sharply,

and the ratio keeps going up. Fig. 1(b) shows the top areas related to

teaching evaluation. The chart shows that the top five areas are Edu-

cation Educational Research, Computer Science, Engineering, the

Health Care Sciences Services and Nursing. Computer Science is the

most related area for teaching evaluation. Fig. 1(c) shows the produc-

tive scholars publishing in this area. Fig. 1(d) lists the top institutions

in this area. The top three affiliations are the University of California

System, University of London and Pennsylvania Commonwealth

Fig. 1. Statistics from web of science database (search keywords:” Teaching Evaluation/Teaching Assessment/Instructional Evaluation/Teaching Appraisal” or “Teaching Perfor-

mance”; Date: 27 November 2021).

X. Xin, Y. Shu-Jiang, P. Nan et al. Journal of Innovation & Knowledge 7 (2022) 100197

2



System of Higher Education Pcs. This figure shows that most of them

are USA universities, corresponding to the following analysis about

countries or regions. As shown in Fig. 1(e), countries or regions that

are active in this field, of which the United States, China, and the

United Kingdom are the top three.

In order to analyze the evolution of research trends on "teaching

evaluation" and to understand the keyword themes corresponding to

each period, this paper was used to import the literature data into

Citespace (Chen, 2014), with the period set to 1991−2022 and the

time slice set to 1 year, and to cluster the keywords by their occur-

rence in The clustering analysis was conducted on the timeline of

their occurrence. The clusters were named by choosing the title terms

and labelled by the LSI algorithm, and a timeline clustering map was

chosen to display the clusters to analyze the historical span of the

clustered topics and the links between clusters in a time series. The

clustering results are shown in Fig. 2. Each circle in the figure repre-

sents a keyword that only appeared when first proposed

(Gobbur et al., 2022). The lines in the graph represent links between

keywords, and connecting lines indicate that two keywords appear

together in one or more papers. The graph's vertical axis is the cluster

number, and the horizontal axis is the year in which the keyword

appeared and the network in which it co-occurred. The clustering

module value Q is 0.3565, which is greater than 0.3, indicating a sig-

nificant clustering structure, and the mean profile value S is 0.766,

which is greater than 0.5, indicating a reasonable classification of the

clustering results (Chen, 2014). From this Fig. 2, we can initially

determine that international research on teaching performance has

focused on five main themes, namely 'student assessment,' 'case stud-

ies,' 'medical education,' 'academic achievement', and 'artificial intelli-

gence,' which are arranged vertically by size in the figure,

demonstrating to some extent the hot spots and trends in research in

the field of teaching performance. Each of these five themes will be

analyzed in the following paper.

Keyword co-occurrence maximum clustering 0# student evalua-

tion mainly concerns performance, competence, validity, instruction,

and higher education. They span the period 1999 to 2021. It is sug-

gested that SET (Student Evaluation Of Teaching) has long been an

essential element of teaching performance evaluation research. Stu-

dents, peers and teaching managers may all be evaluators of teachers'

teaching performance, but student evaluation of teaching remains

the main form of evaluation of teaching performance (Crisp, 2018;

Dillon et al., 2020; Kayas et al., 2022; Koslow, 2018; Peterson et al.,

Fig. 2. Evolution of research trends in the assessment of teaching performance.

Fig. 1. Continued.
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2019). The keywords co-occur in the second-largest cluster 1# case

studies mainly include teaching/learning strategy, quality, improving

classroom teaching, evaluation methodology, and span 2001 to 2021.

The studies mainly focus on the case validation of the effectiveness of

a particular teaching strategy, especially with the widespread use of

information technology in the teaching field, the number of related

research hotspots has increased significantly. Wieling et al. (2009)

used regression analysis to explore a hybrid teaching model combin-

ing face-to-face and online instruction, analyzing how online on-

demand video recordings, online quizzes, etc., positively affect stu-

dent performance. Leal-Rodriguez and Albort-Morant (2019) Study

finds that experiential learning strategies facilitate students' under-

standing of theoretical concepts and superior performance. Keyword

co-occurrence clusters 2# medical education mainly included skill,

science, outcome, impact, and student performance, spanning 1996

to 2021. It is suggested that current international research on teach-

ing performance is focused on the field of medical education. One of

the earliest publications was a study on an evaluation scale based on

a problem-based pedagogy in medical education (De Grave et al.,

1996). 3# Clustering academic performance mainly includes the key-

words experience, curriculum, technology, academic performance,

and keywords spanning 2008 to 2021. It is suggested that current

research on teacher performance evaluation is beginning to focus

more on student academic achievement. For example,

Golenhofen et al. (2020) explored the impact of mobile learning tools

on students' academic achievement through instructional assess-

ment. In their study Cruz-Jesus et al. (2020) attempted to assess stu-

dents' academic achievement using artificial intelligence methods.

4# Artificial intelligence mainly includes teaching evaluation, teach-

ing quality, artificial intelligence, improved algorithm, machine

learning and other keywords, spanning 2007 to 2021. A literature

review shows that one of the earliest articles on artificial intelligence

in teaching was virtual microscopy in teaching (Sims et al., 2007).

The fundamental studies on AI technology to improve teaching per-

formance evaluation are all relevant articles published after 2018. For

example, Lin et al. (2018) extracted opinions from students' qualita-

tive evaluation of teachers through machine learning algorithms to

improve the reliability and efficiency of students' teaching evaluation.

Liu Meichen and Huang Jieru (2021) tried to build an online teaching

quality evaluation model based on emotion recognition and data

mining algorithms.

In summary, it can be inferred that, after entering the 21st cen-

tury, international research on teaching performance has gradually

become a hot spot for many scholars, with relevant research favour-

ing teaching practice, its primary form of evaluation being student

assessment. The research's content is mainly on information technol-

ogy teaching strategies in teaching applications, mainly in medical

education. The latest research frontier is the assessment of students'

academic achievement and The application of artificial intelligence

technology to evaluate teaching performance.

Overview of mainstream teaching evaluation models

In order to further summarise current research findings on teach-

ing evaluation, we interpret three generic teaching evaluation frame-

works, the Dynamic Model of Educational Effectiveness, the

International System of Teacher Observation and Feedback (ISTOF)

and the three basic dimensions of teaching quality (TBD), which are

currently the most respected by scholars. One of these "dynamic

models of educational effectiveness" "captures eight elements of the

teaching role in teaching that relate to student achievement: knowl-

edge delivery, structuring, questioning, instructional modeling, appli-

cation, time management, how the teacher makes the classroom a

learning situation, and classroom assessment. It is also proposed that

the relevant factors be defined and measured in five dimensions: fre-

quency, focus, stage, quality and differentiation (Reynolds &

Neeleman 2021; Sarid, 2022). The International System for Teacher

Observation and Feedback (ISTOF) originated from an international,

transnational project (Charalambous et al., 2021; Guimar~aes &

Lima 2021; Muijs et al., 2018). A team of experts from more than 20

countries conceptualized, defined and measured 11 elements of

classroom practice relevant to teachers, including assessment and

evaluation, clarity of teaching, classroom climate, classroom manage-

ment, differentiation and inclusion, teaching skills, planning of indi-

vidual lessons, long-term planning, professional knowledge, teacher

professionalism and reflective skills, promotion of active learning

and development of metacognitive skills. The Three Basic Dimensions

of Teaching Quality (TBD) is the most prominent framework for

teaching quality in German-speaking countries (Praetorius et al.,

2018). An effective teaching model should contain three dimensions

classroom management, student support and cognitive activation.

From these three models of teaching evaluation, it can be seen that

the current mainstream research in teaching evaluation still focuses

on the teaching process of teachers and does not fully consider the

needs of society for future talents and how to use an effective man-

agement process to ensure that the evaluation gets the desired effect,

lacking systematic research.

Although IT has profoundly impacted teaching evaluation and

scholars try using objective data recorded by various smart terminals

to address the uncertainties of teaching evaluation, the critique of sci-

entific measurement in teaching evaluation persists. Kreitzer and

Sweet-Cushman (2021) debate overly objective evaluation criteria

and managerialist tendencies. Research on "teaching evaluation"

rarely refers to literature on human resource management, and even

then, it only describes the research's meaning and does not apply the

well-established concepts and techniques of human resource man-

agement to teaching evaluation (Crisp, 2018; Dillon et al., 2020;

Koslow, 2018; Thomas et al., 2014). Current research hotspots and

debates on teaching evaluation centre on the evaluation contents of

different subjects (Heffernan, 2022); there is a lack of systematic

research. Therefore, combined with literature combing, this paper

summarizes three main problems of the knowledge teaching evalua-

tion system.

First, although scholars have tried to use objective data to replace

subjective evaluation, due to the complexity and uncertainty of

teaching activities, many observations still rely on the subjective

judgments of evaluation subjects. Second, previous research on eval-

uation content tends to focus on the teaching process, ignoring the

causal relationship among evaluation indicators, making it difficult

for evaluation to play a goal-oriented role, and ignoring the holistic

nature of talent cultivation. Thus, there is no synergy between differ-

ent courses in the evaluation process to develop key competencies

for students. Finally, due to the controversy over the materialist ten-

dency of teaching evaluation, well-established performance manage-

ment concepts and human resources management theories are rarely

applied to teaching evaluation. Therefore, teaching evaluation is often

used as an administrative control tool, which is criticized, even more,

forming a vicious circle.

Deming, a leading management scientist, says, “Universal causes

can be attributed to system failures. These systemic problems are

inherent within institutional processes. They can only be solved or

reduced by changing systems, processes and procedures (Sal-

lis, 2005).” Therefore, research related to performance management

in mature human resource management can be drawn upon to

address the dilemmas facing instructional performance evaluation.

Construction of a big data-based innovative knowledge teaching

evaluation system in universities

With the widespread use of information technology in higher

education, big data in education is exploding, bringing new opportu-

nities for teaching performance evaluation. However, there is a gap
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between theory and practice in the teaching evaluation practice, from

the evaluation concept and standard to the collection and analysis of

evaluation evidence. There is an urgent need for big data in education

to evaluate teaching performance and conduct systematic research

based on human resource management concepts. Therefore, this

paper constructs a “multiple evaluations, trinity, four-step closed-

loop” innovative knowledge teaching system for university teachers

from three levels: evaluation sources, dimensions, and processes. The

system requires universities to establish an intelligent data environ-

ment to transfer all types of data information in real-time, followed

by the use of an information technology platform to organize and

optimize the storage of data information and then mine and utilize

the data information to achieve intelligent decision-making and con-

trol of teaching evaluation. The process takes big data technology as

the core, completes data collection and cleaning through machine

learning and data mining, uses data modeling to carry out different

types of teaching evaluation, and supports the performance manage-

ment process based on data analysis (Fig. 3).

Establishing multiple sources of evaluation data based on big data

Due to the widespread use of new technologies such as various

learning platforms, mobile APPs, digital terminals and wearable devi-

ces, the complex two-way interaction between teachers and students

in teaching activities is recorded in the form of images, sounds and

texts by various terminals, providing a more objective source of eval-

uation data for the innovative knowledge teaching evaluation sys-

tem. However, teaching activities involve complex emotions,

attitudes, abilities and other potential characteristics of teachers and

students, which are still not fully characterized by these objective

data and still require subjective judgment by different evaluation

subjects. Therefore, to evaluate the performance of university teach-

ers in the context of big data, it is necessary to design teaching perfor-

mance evaluation indicators in an integrated manner on the one

hand and make full use of objective teaching data recorded by various

smart terminals to describe performance indicators. When objective

data cannot characterize specific performance indicators, the evalua-

tion content of different evaluation subjects is determined according

to the principle of "who knows, who evaluates," and subjective and

objective evaluation data are combined, complemented and verified

to evaluate teachers performance. In addition, schools need to estab-

lish a multi-system shared database to collect the various types of

data required for teaching performance evaluation, cleanse, convert

and improve them, and process the raw data into an appropriate

form. The most common methods of data cleaning include: interpo-

lating missing values using weighting, machine learning, mean and

EM algorithms, screening outliers using the Dixon test and Grubbs

test, and converting objective data into graded data. In these ways,

the data quality can be improved, and biases in the distribution

between variables can be eliminated to facilitate further statistical

analysis.alysis.

Conducting a trinity evaluation of teaching performance

There is no coherent definition of performance in management

circles. Some scholars focus on performance concerning outcomes or

work effectiveness (Bernardin & Beatty, 1984; HwanSun, 2001;

Jing, 2019; Weiqing & Kunjian, 2000); others look at behavior con-

cerning the achievement of set work objectives (Campbell et al.,

1998; Williams, 1999; Murphey & Cleveland, 1995). More research

looks at performance as competencies concerning specific organiza-

tional systems and job positions (McClelland, 1973; Sandberg, 2000;

Spencer & Spencer, 2008). These performance definitions are not iso-

lated, and many studies suggest that they should be integrated.

Brumbrach (1988) proposed that performance represents behavior

and results, and Otley (1999) expounded that performance is the pro-

cess of working and the results it achieves. Scholar Qin (2009) sug-

gested that it is an all-around performance of an individual's ability

and behavior and the results in the organization. Shoudong and Guo-

hua (2014) advised that, when assessing performance, the theoretical

basis and characteristics of performance should be considered

Fig. 3. A big data-based innovative knowledge teaching evaluation system.
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comprehensively, looking at organizations' and individuals' abilities

to perform certain behaviors and achieve specific results.

Teaching performance can be defined considering three dimen-

sions: teaching effectiveness, teaching behavioral performance, and

teaching competence. The evaluation of teaching effectiveness is

based on a past perspective and provides a summative assessment of

teachers' impact on students. The evaluation of teaching behavior is a

process evaluation of teachers' teaching behavior from a present per-

spective. The evaluation of teaching competence is based on a future

perspective and is a developmental evaluation of the teacher's poten-

tial competence and quality. At the same time, we should be clear

that teaching effectiveness performance is the most important of the

three dimensions, both in terms of what students have learned, far

more critical than what teachers can teach and how they can teach it

(Yang & Fan 2022). However, individually, these dimensions cannot

measure teaching performance comprehensively. Teaching effective-

ness performance is result-oriented, disregards teaching behaviors,

and is not conducive to performance improvement and process con-

trol. Teaching behavior performance, although process-concerned,

can quickly become incorrectly oriented, causing results to deviate

from objectives. Although teaching competence performance helps

improve teachers' professionalism and competence, teaching ability

is often difficult to judge objectively, so it cannot lead to an innova-

tive knowledge teaching evaluation system. Therefore, we draw on

the Balanced Scorecard theory (Tuan, 2020); through the causal rela-

tionship between teaching performance indicators and based on the

concept of balance, we design teaching evaluation dimensions from

three aspects: teaching effectiveness, behavior performance, and

ability performance.

Teaching effectiveness performance evaluation

The teaching effectiveness performance evaluation is a summary

evaluation of the teaching effect of a particular course. The evaluation

content is mainly based on the teacher's influence on students. How-

ever, with the continuous development of information technology,

the classroom is no longer the only channel for acquiring knowledge.

Human beings acquire knowledge more and more efficiently, and

knowledge transfer is no longer the only goal of teaching and learn-

ing. The "core competencies" can be effectively delivered; that is the

ultimate goal of higher education. In the 21st century, countries and

international organizations worldwide have put forward theoretical

frameworks on "Key Competencies." Although these frameworks dif-

fer in terms of research perspectives, values and targets, they share

many similarities in indicator settings, such as greater emphasis on

innovation and achievement motivation, information literacy, com-

munication and exchange, teamwork, social participation and contri-

bution, and self-planning. The essence of "Core Competencies" is not

just knowledge and skills, interest, motivation and attitude, but also

the thinking, judgment, expression and personality required to apply

knowledge and skills and solve practical problems. Universities

should make this the core objective of talent training and break it

down into the teaching objectives of specific courses (Lee &

Son 2021; Son et al., 2021). Objectives and key results (OKRs) are

based on the performance management concepts of Management

By Objectives (MBO) and Key Performance Indicator (KPI), incorpo-

rating milestones and critical results so that performance evaluation

is consistent with objectives, measurable and timely(IRIKEFE, 2021),

and has a good fit with the teaching effectiveness evaluation. There-

fore, universities can learn from OKR performance evaluation,

decompose talent cultivation objectives into key teaching outcomes

of courses at different levels, and measure the achievement of cru-

cial teaching outcomes according to students' learning. To achieve

this, the teaching management department needs to break down

the talent training objectives for each course according to the train-

ing program. The course syllabus should also be developed based on

the course objectives, with a detailed definition of the expected out-

comes of developing competencies and qualities for each type of

student.

Additionally, we should note the differences in the teaching objec-

tives of different disciplines. Therefore, when evaluating teaching

effectiveness, we must be result-oriented and categorical and dynam-

ically assess the teaching effectiveness of the course, "measure

Fig. 4. Implementation path of performance evaluation of teaching effectiveness.
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ourselves with our ruler," and provide timely feedback to teachers to

facilitate the adjustment of teaching strategies and improve teaching

quality. In this process, universities need to integrate data from stu-

dent information systems and learning management systems, collect,

collate, mine and predict data on students' daily performance, and

analyze students' overall status by building models to assess the

achievement of course objectives and make recommendations for a

new round of teaching. The implementation path of teaching effec-

tiveness evaluation is shown in Fig. 4.

Teaching behavior performance evaluation

Teaching behavior performance is a process evaluation of teach-

ers' teaching behavior based on a present-day perspective to correct

deviations promptly. We can draw on the KBI (Key behavior Indica-

tor) to conduct assessments of teaching behavior performance. KBI

performance management tool is essential for evaluating the perfor-

mance of an organization or employee on predetermined key behav-

iors in process management within a specific time and responsibility

frame (Ge et al., 2007). KBI-based performance assessment of teach-

ing behaviors is based on effective teaching methods and objectives,

anchoring key teaching behaviors, breaking them down and refining

them, and identifying evaluation criteria based on the characteristics

of the indicators to assess teaching and learning activities. The pro-

cess requires three components: first, identifying crucial teaching

behaviors. With the deep integration of information technology and

education teaching, the objectives and ways of teaching are undergo-

ing profound changes. In order to build a scientific and reasonable

teaching behavior performance, it is necessary to make an in-depth

analysis of the current teaching mode reform and anchor the key

teaching behavior according to the talent training objectives. Sec-

ondly, the key teaching behaviors should be broken down and

refined. In other words, according to the "SMART" principle, the key

teaching behaviors should be decomposed into quantifiable evalua-

tion indicators, and their definition, scope and connotation should be

clearly explained. Finally, the quantitative criteria are determined

according to the meaning of the indicators. The quantitative criteria

for key teaching behaviors can be divided into category criteria, fre-

quency criteria, sequence criteria, gap criteria and ratio criteria,

which need to be determined according to the specific characteristics

of the indicators. The implementation often fails to achieve the

expected results due to the heavy workload, time-consuming and

subjective nature.

However, in big data, various documents and behavioral activities

of teachers are recorded and stored by various teaching terminals,

which significantly reduces the running costs of process evaluation

and improves the objectivity and authenticity of evaluation. Universi-

ties should use the Internet to establish an online teacher evaluation

system based on big data. Course teachers can conduct self-evalua-

tion and other evaluations within a specified period. Teaching man-

agers and supervisory experts can conduct random evaluations of

courses. Through a real-time data feedback mechanism, the evalua-

tion results are tallied, classified, summarised and analyzed through

the web terminal and fed back to the teachers themselves to ensure

that the problems reflected in the evaluation can be addressed

promptly.

Teaching competency performance evaluation

Teaching competency performance evaluation is a developmental

evaluation of teachers' competencies, focusing on the professional

knowledge skills, concepts, attitudes, and motivations teachers need

to possess to deliver quality teaching. Schools can draw on the critical

competency index, which represents quantitatively evaluating the

potential traits of individual employees to align the development of

individual organizational members' competencies with organiza-

tional development goals (Haixia & Zhisong, 2020). The teaching abil-

ity evaluation should not focus on the conclusive evaluation of

teachers but should adhere to the principle of development; be based

on the future; and focus on the teachers' professional development,

the construction and training of the teaching team, the improvement

of the quality of talent training, and the sustainable development of

universities. We should evaluate teachers' knowledge and skills, val-

ues, ideology, and other potential traits in the evaluation process and

avoid making qualitative judgments based on their teaching experi-

ence, academic qualifications, titles, teaching reform papers, and

projects. To accurately characterize and evaluate teachers' abilities, it

is crucial to fully use the comprehensiveness, completeness,

dimensionality, fragmentation and authenticity of data and conduct

high-quality analysis and processing to correlate relevant data with

concepts. Accurate evaluation can help rationalize the allocation of

teaching resources and improve teacher training.

Thus, the design of three-dimensional teaching performance fully

reflects the balanced performance concept of "results +

behavior + potential." Different dimensions of innovative knowledge

teaching evaluation systems are carried out at different times for differ-

ent evaluation contents, acknowledging the differential role of evalua-

tion and considering the value needs of different participants. The

model facilitates the complete stimulation of teachers' teaching poten-

tial. We can synthesize teachers' performance in various types of perfor-

mance evaluation, scientifically establish evaluation models, and

provide adequate support for their performance evaluation. The types

of the big data-based innovative knowledge teaching evaluation system

and related elements based on the balanced performance view are

shown in Table 1.

Implementing a four-step closed-loop performance management process

Scholars agree that teaching evaluation should help teachers con-

tinuously improve the quality of their teaching (Fawns et al., 2021).

However, current research on knowledge-based teaching evaluation

systems still focuses on the content and form of evaluation of differ-

ent evaluation subjects. Universities tend to treat the knowledge

teaching evaluation system as a simple monitoring and assessment

tool, lacking the awareness of performance management and

neglecting the process of the knowledge teaching evaluation system.

Table 1

Characteristics and elements of big data-based innovative knowledge teaching evaluation system based on the view of balanced performance.

Performance dimensions Teaching effectiveness performance Teaching behavior Performance Teaching ability performance

Related elements

Evaluation Perspectives Past Now Future

Evaluation objectives Outcome assessment Process assessment Developmental assessment

Evaluation content Teacher’s impact on students Teacher’s teaching behavior Teacher’s teaching competence

Data sources Objective data Learning behavior data Teaching behavior data Basic teacher data, teacher training assessment data

Subjective data Student Assessment Peer Review Expert evaluation, teacher self-assessment

Timing Semester-based assessment Real-time assessment Year or training cycle

Performance application Quality improvement of course teaching Timely correction of deficiencies Accreditation and Teacher Development

Comprehensive evaluation

of teachers based on their

performance in each dimension
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To address this, universities can draw on performance management

theory and organize and implement knowledge teaching evaluation

system according to the PDCA cycle of total quality management

(Realyv�asquez-Vargas et al., 2018):

� P: Teaching performance planning, the premise and foundation of

performance management
� D: Teaching evaluation implementation, the guarantee of effective

implementation of teaching performance management
� C: Teaching performance evaluation, the core joint of teaching

performance management
� A: Teaching performance feedback, the key to the effectiveness of

teaching performance management

These four links in an evaluation cycle are advanced gradually,

and when the cycle ends, the next cycle is carried out according to

the process and repeated to ensure the continuous improvement of

college teachers’ performance. Simultaneously, schools should

develop teaching performance management systems based on the

cloud management platform of big data to realize data and informa-

tion management support for teaching performance at all stages of

planning, implementation, evaluation and feedback, in order to clar-

ify performance targets, formulate plans, improve evaluation systems

and sound feedback mechanisms for teaching performance. The pro-

cess will help promote the overall improvement of teaching perfor-

mance and build a virtuous cycle system of teaching performance

management for university teachers based on the big data environ-

ment, as shown in Fig. 5.

Teaching performance plan

A teaching performance plan is the process of communication

between the university and teachers about the teaching performance

that teachers should be achieving. The result of the communication is

formally written up as a contract about the teaching work goals and

standards expected by both parties based on clear responsibilities,

rights, and benefits. Specifically, we can divide this into the following

three links.

(1) Clarify the strategic vision and design the implementation plan.

Before the teaching performance plan, universities should use the

SWOT analysis (Longhurst et al., 2020) to consider the external

environmental factors such as social, cultural, economic and social

responsibility, as well as internal factors such as student quality,

faculty strength and financial situation, to identify the

opportunities and challenges faced by the university, as well as its

strengths and weaknesses, and to determine the strategic vision

of the school for a certain period in the future. Based on this objec-

tive, the implementation plan is designed in three dimensions:

teaching effectiveness, teaching behavior and teaching compe-

tence. In particular, the evaluation of teaching effectiveness per-

formance is a summative evaluation of the effectiveness of the

course based on the perspective of the past to improve teaching

effectiveness. The content of the evaluation should be based on

the impact of teachers on students in the teaching process, and

the data source of the evaluation mainly relies on the learning

behavior data accumulated by students in their daily course learn-

ing, supplemented by students' subjective feelings about the

teaching effectiveness of the course. The performance of teaching

behavior is a process evaluation of teachers' teaching behavior

based on a present-day perspective to correct deviations

promptly. The evaluation content is based on teachers' teaching

behavior in the teaching process, and the data source of the evalu-

ation mainly relies on the behavioral data accumulated by teach-

ers in the teaching process. It can be supplemented by peers' or

experts' evaluation results of daily teaching inspections. The

Teaching Ability Performance is a developmental evaluation of

teachers' teaching ability based on a future perspective to improve

teachers' teaching ability. The evaluation is based on the potential

attributes that teachers need to possess to deliver quality teach-

ing. The primary data source for the evaluation is based on funda-

mental data from teacher management, training and assessment,

supplemented by the results of teachers' self-assessment.

(2) Define teaching work responsibilities and design teaching perfor-

mance indicators. The school should define teachers' job responsi-

bilities by analyzing the critical business contents of their work,

investigating the main results achieved through the goal analysis

method, and writing descriptions concisely and accurately. Then,

schools can design teaching performance indicators following the

innovative principles: teaching performance indicators must be

specific, measurable, attainable, relevant to other goals, and have

clear time-bound deadlines (Pryvalova 2020). Further, the selec-

tion of key performance indicators must strive to be scientific and

reasonable, allowing for the incentive and constraint effects of

performance management and maximizing the level of teacher

performance.

(3) Establishing performance index weights and performance evaluation

model. Teaching performance indicators are characterized by

Fig. 5. The process of big data-based innovative knowledge teaching evaluation system.
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diversity and structural complexity; using “data to speak” is key to

the big data-based innovative knowledge teaching evaluation sys-

tem. Here, first, we need to analyze the nature and characteristics

of teaching work and related influencing factors, assigning corre-

sponding weight to each performance indicator according to its

importance in the performance indicator system. Simultaneously,

since the big data-based innovative knowledge teaching evalua-

tion system is a typical multi-objective decision analysis and

requires the comprehensive analysis of evaluation results, we

must also design scientific and reasonable evaluation models to

reveal the relationship between relevant concepts and data to

improve the simplicity, scientificity, and accuracy of knowledge

teaching evaluation system.

Teaching performance implementation

Teaching performance implementation requires actioning the

teaching performance plan and ensuring the performance manage-

ment process’s effectiveness through performance communication

and coaching. In the specific implementation process, three aspects

must be noted.

(1) Conducting performance coaching and formulating action

plans. Since teaching is a two-way interaction between teachers

and students, there are two levels of teaching performance com-

munication and coaching. The first is performance communication

and coaching between teaching managers and teachers. Teaching

managers should ensure that teachers carefully study the school’s

talent training objectives, training programs, and syllabus to see

that their programs match its vision. Teachers should communi-

cate with students regarding teaching design, performance com-

munication, and counselling objectives. Based on a complete

understanding of students’ learning characteristics and needs,

teachers should develop lesson plans and communicate course

teaching objectives and plans to students to develop personalized

learning plans and ensure the achievement of course teaching

objectives.

(2) Strengthen process management and guarantee effective

implementation. During the specific implementation of teaching

activities, teaching managers should keep abreast of teachers’

work progress, understand their performance and the difficulties

they encounter, discover and correct issues timeously to avoid

irreparable losses, and identify high-performing behaviors to

summarize and promote advanced working experiences to

improve teachers’ overall teaching performance. Schools can

adopt various teaching monitoring measures such as teaching

supervision and inspection, multi-listening, and student survey to

implement process management on the quality of all aspects of

teaching.

(3) Retaining original information and providing an essential

basis. Only when teachers’ work processes are clearly under-

stood can the school correctly assess and evaluate their work.

Therefore, only by mastering and accumulating the original

performance information of teachers in specific teaching activ-

ities can the knowledge teaching evaluation system to be

more realistic and credible and avoid bias. Managers should

use information technology management tools while imple-

menting process management to collect and collate informa-

tion on the performance of teaching and learning activities to

provide a reliable basis for the knowledge teaching evaluation

system.

Teaching implementation evaluation

Knowledge teaching evaluation system refers to the school’s

objective, fair, and accurate evaluation of teachers’ performance,

behaviors, and abilities through quantitative and qualitative compar-

ative analysis and scientific evaluation methods following the prede-

termined evaluation procedures, unified standards, and specific

index system under the established talent cultivation objectives key

to the effectiveness of teaching performance management. With big

data, the knowledge teaching evaluation system must consider two

aspects.

(1) Selecting data sources and accurately characterizing

indicators. When universities use big data to conduct knowledge

teaching evaluation systems, they should fully use objective data

recorded by various terminals. It is conducive to training teachers

to use IT to teach and promote teaching performance improve-

ment. The knowledge teaching evaluation system based on big

data technology can form a virtuous cycle. When objective data

cannot characterize performance indicators, universities need to

select evaluation subjects, design evaluation questionnaires, and

obtain evaluation data according to the “who knows, who evalu-

ates” principle. For objective data, schools must use data mining

technology to analyze and model unstructured data such as video,

audio, and images to explore their deeper meanings. For subjec-

tive data, when designing and collecting questionnaires, they

should try to obtain data by stating facts rather than judging the

correctness and merit, avoiding evaluator bias.

(2) Clarify the evaluation form and carry out the evaluation

scientifically. According to the evaluation content, the knowledge

teaching evaluation system can be divided into teaching effect

evaluation, teaching behavior evaluation, and teaching ability

evaluation. The evaluation objective can be divided into summa-

tive, process, and developmental evaluation. The evaluation sub-

ject can be divided into student, peer, teacher, and leader

evaluation. Time can be divided into phase evaluation and daily

evaluation. Therefore, according to the purpose of the knowledge

teaching evaluation system, choosing different evaluation con-

tents, subjects, and time for evaluation are essential to ensure the

scientific nature of big data-based knowledge teaching evaluation

system.

Feedback on teaching performance

Feedback on teaching performance is the communication between

teaching managers and teachers about teaching performance in the

evaluation cycle. The process involves recognizing achievements, iden-

tifying shortcomings, and suggesting improvement. Teaching perfor-

mance feedback aims to let teachers know whether the teaching

effectiveness has met the set teaching objectives, the teaching behav-

ior is scientific and reasonable, and the teaching ability is sufficient to

support the teaching objectives during the evaluation cycle. The fol-

lowing points are essential in this process.

(1) Encourage participation and effective feedback. Teaching perfor-

mance feedback should encourage teachers to participate in the

feedback process rather than simply informing teachers of the

evaluation results. For positive performance, instructional manag-

ers should offer sincere praise to teachers for specific behaviors,

show the school’s appreciation, and motivate teachers to receive

positive feedback. For negative performances, non-judgmental

communication with teachers is essential. Specific evaluations

should be proposed at the right time, so teachers understand the
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objectivity of performance evaluation, identify the problems

themselves, and reach a consensus to solve these problems. Fur-

thermore, instructional managers should record teachers’ key

behaviors and categorize them to maintain and reinforce positive

performance behaviors through incentives and find reasons for

negative performance behaviors towards proposing improvement

plans.

(2) Future-oriented and positive guidance. Although most teaching

performance feedback content reviews and summarizes the past,

performance feedback looks to the new evaluation cycle. There-

fore, the feedback process should focus on the performance indi-

cators’ content and implement performance improvement plans

concerning teachers’ actual situations to support the next perfor-

mance-planning round. Teaching managers also need to be aware

that negative performance feedback can psychologically suggest

teachers and affect their career development. Teachers should

therefore be encouraged to feel that, despite the unsatisfactory

results of their performance assessment, they have come to an

objective understanding of themselves and have found a direction

in which they should work, regardless of whether the results are

good or bad. This approach will enable teachers to engage in

future teaching with a positive attitude.

(3) Regular feedback and mechanism formation. Teaching adminis-

trators should use feedback on teaching performance as an effec-

tive measure to correct deficiencies found in the evaluation

process and communicate with teachers timeously to avoid more

significant mistakes. Further, teaching administrators should pro-

vide teachers with regular performance feedback to understand

their performance evaluation results before the formal evaluation.

This process will encourage teachers’ agreement with the results

and guarantee feedback effectiveness. Therefore, whether through

regular performance feedback or staged performance feedback, a

corresponding system should be established, and only by institu-

tionalizing it can we ensure performance feedback have a lasting

effect.

Further research

With the development of the mobile Internet, big educational

data, and artificial intelligence technologies, information technology

has penetrated every aspect of education and teaching. It is driving a

profound transformation of traditional education into intelligent edu-

cation. Innovative applications such as intelligent recommendations,

adaptive learning, and digital learner portraits have enriched the

teaching experience of teachers and students and dissolved the tem-

poral and spatial boundaries of traditional teaching practices. Learn-

ing resources are no longer static textbook content but generative

knowledge co-constructed by learners. Students are no longer con-

fined to physical space; they are extensively interconnected with the

world through the Internet. Teachers are not only the transmitters of

knowledge but also the managers of teaching activities and the facili-

tators of student learning in the IT environment. Although the accu-

mulation of these changes has not yet resulted in a qualitative

change, the future trend is clear. Scholars have suggested that tradi-

tional teaching evaluation theories and methods are controversial in

explaining new educational phenomena and guiding intelligent edu-

cational practices. They, therefore, call for a reconstruction of the the-

ory of knowledge teaching evaluation systems in the information

technology era. Through the theoretical study of university teachers'

knowledge teaching evaluation system, this paper proposes a knowl-

edge teaching evaluation system of "multiple evaluations, three in

one and four closed-loop steps." However, university teachers'

knowledge teaching evaluation system in big data is complex. It

requires continuous research and practice to promote modernization

and reform in higher education as information technology is widely

used in higher education. This paper has four shortcomings from the

theoretical and practical perspectives that need further research.

(1) The "multiple evaluations, trinity and four-step closed-loop" big

data-based evaluation system is still theoretical; it needs further

tested and optimization. It is a long-term and complicated process

to put it into practice and establish scientific performance man-

agement awareness in colleges and universities.

(2) Although this paper proposes to design the performance index

system based on the Balanced Scorecard theory and the three

dimensions, "teaching effectiveness," "teaching behavior," and

"teaching ability," it should be further designed to evaluate the

performance of universities. However, to effectively infer and

evaluate the teaching performance of university teachers, we

must first determine the content of the specific evaluation, build-

ing a scientific and reasonable teaching performance index sys-

tem. However, the research on teaching performance indicators is

currently mainly carried out for non-evaluating subjects. The

index system is mixed and repeated, which is not conducive to

practical performance evaluation. Moreover, with the reshaping

of higher education by IT, the teaching objectives, contents, and

methods have changed implicitly. Hence, the evaluation content

of teaching performance in a big data context needs to be further

studied.

(3) (3)Education data is a valuable educational asset, but it also

involves the privacy of both educators and recipients of education.

The public data openness movement has been an international

trend, and as education is a public good, education data should

also be opened up to the community appropriately. However,

while promoting the education data openness movement, high

importance should be attached to the privacy protection and

security management of education data. Continuous efforts

should be made to adopt more advanced and higher security

measures to safeguard education data and protect education pri-

vacy data from leaks and malicious use. Develop management

rules at multiple levels, including institutional, institutional, tech-

nical, and methodological levels, to effectively safeguard the secu-

rity of education data of individuals, institutions, and the state.

Establish a sound education data security management structure,

including data production departments, data use departments,

data management departments, and clarify the security manage-

ment responsibilities of each department. Establish the confi-

dentiality level of education data and take relevant handling

measures according to the confidentiality level. Monitor the appli-

cation status of education data in real-time and prevent illegal

applications and infringement of user privacy.

(4)Wisdom evaluation based on extensive data mining and artificial

intelligence is the main direction of future teaching evaluation.

The wide application of these technologies will significantly

improve the efficiency and quality of teaching evaluation. How-

ever, a big data-based knowledge teaching evaluation system is a

human cognitive and decision-making activity. In its practice, it is

necessary to uphold the concept of human-computer collabora-

tion, focus on the data processing ability of intelligent analysis

technology, let intelligent evaluation benefit stakeholders, avoid

adverse effects from the quantitative analysis(Saura, 2021), and

maintain educational thought as central in the application of

intelligent technology. With problem-solving as the guide, divid-

ing the roles between intelligent technology and humans in the

knowledge teaching evaluation system must be further explored.
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Thus, the knowledge teaching evaluation system can move from

"intelligence" to "wisdom."

Conclusion

This paper summarizes the debate on knowledge teaching evalua-

tion system in colleges and universities in the past ten years, analyzes

the factors restricting the further development of teaching evalua-

tion, draws on performance management theory, and proposes a big

data-supported knowledge teaching evaluation system with "multi-

ple evaluations in one and four closed-loop steps" at three levels: the

main body of the knowledge teaching evaluation system, evaluation

dimensions, and evaluation links. The system proposes that, in a big

data context, the knowledge teaching evaluation system needs to

break the barriers between different data sources and different evalu-

ation subjects and scientifically set evaluation indexes and their sour-

ces. The balanced performance concept needs to evaluate the

teaching effectiveness, behavior, and teaching ability aspects based

on past, present, and future perspectives. The knowledge teaching

evaluation system needs to be standardized in performance planning,

implementation, evaluation, and feedback. This evaluation system

can fully use the objective data recorded by various intelligent termi-

nals to enhance the reliability of the evaluation. It can also realize the

unification of teachers' ability improvement and students' ability cul-

tivation based on the causal relationship between teaching ability

and behavior and effect. It can also regulate the knowledge teaching

evaluation system at the management level to avoid unsatisfactory

teaching performance. The evaluation system provides a systematic

methodology for unifying the theory and practice of university

knowledge teaching evaluation systems.
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