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Abstract. Learning process management is an important part of teaching design,
and formative evaluation is a vital means of learning process management. Based
on the generalized instructional design theory, the learning process management
model in view of formative evaluation is studied in this paper. The thought is put
forward that learning process management needs to be comprehensively consid-
ered and systematically designed to revolve around teaching objectives, student
analysis, teaching evaluation tools, intelligent platforms, teaching strategies, and
teaching resources. At the same time, empirical research is carried out in the teach-
ing process. The result shows that formative assessment is the realization process
of teachers’ data design, acquisition, and evaluation according to student’s needs.
It is also an effective model of data-driven learning process management.
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1 Introduction

In 2018, the requirement that college course teaching should especially strengthen the
management of the learning process [1] was proposed in higher education in China.
Teachers should choose teaching methods according to the course’s nature. Aiming at
the ability and knowledge assessment, the teacher should scientifically design diversi-
fied assessment contents and methods of courses, using examinations to assist teaching
and promote learning, guiding students to self-management, actively learn, stimulate
their desire for knowledge, improve learning efficiency and enhance their ability of
independent learning.

The research on the learning process of students is carried out earlier abroad. Some
scholars divided the learning behavior stage into the previous lesson, in class, and after
class [2, 3]. They believe that the learning effect is directly proportional to the learning
time [4], and directly involved with the concentration and quality of students in the
learning process [5]. In addition, some studies consider that test scores do not reflect
the abilities and experiences acquired by students in learning, and the student’s learning
progress should be tracked through evaluation [6]. Evaluation tools should be designed
in the course teaching process to guide students to learn in various ways and increase
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the interaction between teachers and students. Then the process of teaching evaluation
results generated can promote the teaching and the learning [7].

Most domestic scholars think that teaching in the learning process should be student-
centered and serve ‘learning’ [8, 9]. The intelligent teaching tools not only support
students’ individual needs for learning [10, 11] but also focuses on students’ learning
process in combinationwith learning process assessment and final examination [12]. The
learning process of students determines the learning effect, and the process evaluation
can estimate the learning quality of students more effectively. The data-driven learning
process management model based on formative evaluation was expounded and practiced
in this research.

2 Learning Process Management Belonging to Teaching Design

‘Teaching’ corresponds to teaching and instruction. Teaching emphasizes teachers’
teaching to students, mainly including explaining teaching contents, eliciting stu-
dents’ reactions, and providing feedback and correcting. While instruction includes the
teacher’s lesson preparation (preparation of students, teaching materials, teaching meth-
ods), face-to-face teaching in class, measurement of teaching effect, diagnosis, remedy,
and modification of teaching plan [13]. Instruction not only includes the ‘teaching’ of
teachers, but also the ‘learning’ of students. Teachers should conduct teaching design in
combinationwith students’ situation, professional knowledge level, teaching experience,
teaching attitude, and ability, and guide students to learn and keep the process effective
and obtain satisfactory learning results [14, 15]. Therefore, the guided learning process
should be included in the teaching design, and teachers should manage the teaching and
students’ learning process simultaneously.

3 The Role of Formative Evaluation in Learning Process
Management

Formative evaluation exists in any stage of teaching, which can be a lesson, a chapter, or
a learning stage [16]. It Guides students to complete the whole learning process through
different assessment tasks designed for each stage. At the same time, the completion
of the task also provides data for teachers to evaluate students’ learning effects and
improve teaching and learning process design. For example, test tasks generally were
used for memorizing, grasping, and applying, while discussion and design tasks tend
to develop high-order thinking and innovative ability. Combining the registered one’s
attendance at a lesson, the number of extracurricular studies, and the quantitative data
on the relevant tests or discussions, the teacher can be clear about which students have
problems in learning attitude, which students are good at low-level learning, and which
students have strong innovative thinking ability.

According to the results, teachers can investigate and analyze the reasons from the
aspects of teaching strategies and students. If it is a problem with a student’s learning
attitude or ability, teacherswill enter the student’s learning environment, and tutor or help
them complete the learning process. If it is the problem of teaching strategy, teaching
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content, or goal, the remedial design should be carried. Therefore, formative evaluation
plays an important role in the management of the learning process by finding learning
problems based on the data presented by students’ learning process and then improving
them in different ways.

4 Learning Process Management Model Based on Formative
Assessment

The formative evaluation runs through the whole learning process, focusing on the
feedback, correction and improvement process, and final output of students after being
input. Therefore, formative evaluation is a bridge between teachers’ teaching and stu-
dents’ learning, and an effective tool for teachers to guide and manage students’ learning
process. The effectiveness owes to the mature formative evaluation based on systematic
thinking. It is an integrated assessment with the teaching objectives, student analysis,
teaching evaluation tools, intelligent platform, teaching strategies, and auxiliary support
of teaching resources. Through this platform, the tasks designed are used for guiding
students to complete high-quality learning processes. The learning process management
mode driven by formative evaluation data is shown in Fig. 1.

4.1 Teaching Objective

The connotation of the teaching objective is that the curriculum should be high-level,
innovative, and challenging [17]. Taking the course ‘water pollution control engineering’
as an example, the high-level teaching objectives require students to master the basic
theory of sewage treatment, improve their abilities (research, design, operation, and

Fig. 1. The learning process management mode driven by formative evaluation data (Owner-
Draw)
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systematic thinking) and quality (team cooperation, environmental protection, and risk
management) at the same time. Innovation reflects the cutting-edge development trend
and the characteristics of the times of the course. In addition, the innovation of the
teaching formcan change the student’s learningmode; and fully train their ability to break
through the traditional thinking and deep learning ability. The challenge is to cultivate
students’ strong ability and confidence to think independently and solve difficulties.

From the operational level, Teachers can use observable behavior verbs to express
the teaching objectives of each chapter, which is convenient for teachers and students
to measure and evaluate [13]. As far as this lesson is concerned, the objectives can be
expressed as follows: (1) be able to grasp, memorize and state some relevant concepts,
theories, advantages and disadvantages of processes, and applicable conditions; (2) Be
familiar with the use of theories and procedures for designing water treatment structures
or selecting relevant equipment; (3) be able to determinemore suitable treatment process
according to the givenwater quality and treatment requirements; (4) The relevant frontier
development and analyze innovations direction can be understood; (5) be able to solve
the practical problems in the application of a certain process or method; (6) According
to the complex sewage quality, different process schemes can be selected and designed
by-self. Even the existing process schemes with poor treatment effects can be analyzed,
modified, and realized.

Objectives (1) and (2) belong to low-level learning objectives, which should gener-
ally exist in any chapter. (3), (4), (5), and (6) belong to high-level learning objectives,
which should be determined in combination with the chapter content. The low-level and
high-level objectives can be designed and integrated into various teaching resources and
evaluation processes. Teachers inform students of the teaching objectives before class,
then guide students to identify, explore and solve problems through the form of assess-
ment tasks, and transfer the basic theories and ability to their own knowledge structure.
In the implementation of formative evaluation, students can naturally complete learning
from low-level to high-level [18].

Therefore, the measurement of the process evaluation to the students is whether the
teaching objectives are achieved, and the design of other auxiliary links is based on this.

4.2 Student Analysis

4.2.1 Knowledge and Skill Analysis

Students’ conditions (knowledge, skills, hobbies, attitudes, learning motivation, and
other peripheral factors related to learning) directly affect the learning effect. In
Ausubel’s learning theory, learning is a process in which learners use the original knowl-
edge structure to interpret and understand the new content to be learned and form their
own knowledge structure [19]. Therefore, it is an important part of learning process
management to analyze what knowledge and skills the students have before accepting
the learning task and the relationship between them and the knowledge to be learned.

The principle, process operation, structure design, relevant equipment, and combi-
nation of physical, chemical, and biochemical methods for treating pollutants in sewage
are mainly described in ‘Water pollution control engineering’. The basic principles of
physics, chemistry, and biological methods have been preserved in the original knowl-
edge structure of students. In this course, the application of these principles to sewage
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treatment and the relevant application theories derived on this basis are researched.
Before the class, the teacher will design a review and test to guide the students to review
the old knowledge. Then new knowledge is obtained in the class. The students can gradu-
ally establish a professional knowledge system, cultivate systematic thinking, and make
the learning process run smoothly.

In addition, ‘What kind of wastewater is suitable for what process’ and how to
achieve the best results by engineering treatment methods are challenging learning tasks.
They require high-level thinking and ability training that students do not have temporar-
ily. Therefore, teaching strategies such as discussion, application, and process analysis
should be selected and appropriate evaluation tools should be combined to evaluate
learning performance.

4.2.2 Learning Dynamics Analysis

Graduation destination is an important point for students learning attitude and motiva-
tion. The learning motivation maintained in courses studied well is ensuring smooth
learning, job searching, and pursuing advanced studies for students [20]. Taking this
course as an example, first, this course is not only one of the core degree courses of
major, but also a compulsory subject for postgraduate entrance examination and the
employment direction. Secondly, students are generally more interested in events or
knowledge that are closely related to reality. In the formative evaluation, it is necessary
to set up more dilemma analyses and ability evaluations for solving practical problems,
so as that increase students’ enthusiasm and motivation for learning.

This requires the active cooperation of teaching resource preparation, teaching strat-
egy (more structure design and process analysis after class) design, and evaluation tools.
Finally, in the teaching strategy, students are designed to complete tasks in groups to give
play to the advantages of group learning, that is, good student learning demonstration
and fighting spirit stimulation.

4.3 Intelligent Platform

The learning environment is the conditional support that students have when they learn
the knowledge and skills of the course. In recent years, the intelligent learning envi-
ronment has developed vigorously, mainly including learning resources, intelligent
platforms (tools), learning communities, and teaching communities [21].

Learning community refers to the group of interaction, cooperation and communi-
cation formed voluntarily among students. All activities and results of students in the
whole learning process are faithfully recorded by the intelligent platform [9]. Students
can find learning problems by themselves according to the recording process. On the
other hand, the teacher community can know learning resources access, the quality of
discussion and completion of homework, as well as the score of regular quizzes and
stage test through the system log data of the platform. They analyze the learning sta-
tus represented by various data, and use evaluation tools to measure the adequacy and
effect of students’ learning at any time, and adjust the task design and guide the learning
direction on this basis, realize data-driven learning process management.
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The popularization of intelligent platforms promotes the transformation of the teach-
ing paradigm from ‘driven by experience’ to ‘driven by data’ [22]. The intelligent plat-
form selected in the learning environment can be one or several kinds of combined use,
or it can be combined with synchronous communication tools (such as QQ, we chat,
etc.) or websites [23].

4.4 Assessment Instrument

Formative assessment needs an assessment instrument to evaluate students’ daily learn-
ing effects and the completion of teaching objectives. The results of the evaluation are the
data of formative evaluation, which form every student’s digital networked E-Portfolio,
in which the development of students’ learning process can be completely recorded [24].

The assessment of students’ learning attitudes can be quantified by the number
of sign-in and learning times based on the intelligent platform. Most of the low-level
learning task assessment methods are quantifiable objective tests, and the score data can
directly reflect the students’ memory and understanding of knowledge.

When examining the student’s high-level abilities, comprehensive discussions,
reports, mind maps, or small-scale design tasks to show the learning and research results
are designed as assessment tasks usually. These tasks can be evaluated with the gauge
or evaluation form. The gauge is a two-dimensional table, in which the horizontal is
evaluation grade, and the vertical is various evaluation indexes considered. Each index
has detailed standards corresponding to a different grade. An evaluation form is a form
organized by questions or evaluation items. Each of these has a corresponding score [25].
All of them can be designed for evaluation emphasis, which is suitable for grading and
assessing the completion of subjective tasks. The data of grading evaluation quantifies
the comprehensive learning effect and ability of students, in order to reflect the attitude
and effort of spare time learning.

4.5 Teaching Strategies

The teaching strategy includes preparatory activities, presentation of teaching informa-
tion, provision of practice and feedback, discussion of problems, tests, and after-school
activities around the learning objectives. The teaching strategy determines the assess-
ment task mode of formative evaluation. Students with strong autonomous learning
ability can plan and evaluate their own learning spontaneously, but students with weak
ability and poor self-discipline only do these occasionally, not to speak of strategies
[26]. Therefore, it is necessary for students that tasks designed by teachers guide their
autonomous learning.

In view of the teaching objectives and engineering nature of the course ‘water pol-
lution control engineering’, the teaching strategies can include review and test of the
learned knowledge, presentation of classroom teaching information, design of in-class
and after-class tests, question discussion, stage test, group work (structure design, pro-
cess design display), homework (knowledge point summary or problem answer), reading
articles and final examination. This strategy combination guides students to complete
all learning steps, monitoring, and evaluation in different periods of each class. The
instructor can obtain the data on students’ learning process, depending on which the
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teacher can adjust Implementing regulations of teaching strategy at all times. So the
whole learning process can be managed.

4.6 Teaching Resources

Teaching resources are teaching materials used by teachers and students synchronously
and the assessment task of auxiliary learning. Teaching resources are uploaded to the
intelligent platform at the beginning of teaching to facilitate students throughout the
learning process. The learning resources of this course include electronic textbooks and
reference books, courseware, professional specifications, and design manuals, MOOC
resources, courses video recorded by teachers suitable for students’ abilities, and some
auxiliary video resources. Besides these, various test questions, assignments, design
assignments, demonstration assignments, specific issues to be discussed, and expansion
resources required all belong to teaching resources. All resources revolve around the
teaching strategy and are carefully designed to help students achieve the learning effect.

The above analysis shows that the data-driven learning processmanagement mode of
formative assessment needs accurate and representative data output from the students. So,
the analysis of students and the learning environment is the foundation. Moving around
teaching objectives, the teacher design diversified tasks combining teaching strategies,
teaching resources, and assessment instrument and upload them to an intelligent plat-
form. According to the rich and diversified data feedback in the formative evaluation of
students, teachers or students can improve their teaching or learning duly to achieve the
management of the whole learning process.

5 Practice of Learning Process Management Based on Formative
Assessment

5.1 Design of Learning Process Management Scheme Based on Formative
Evaluation

According to the model shown in Fig. 1, taking the first chapter of ‘water pollution
control engineering’ as an example, the practical scheme design of the learning process
management mode is shown in Table 1.

According to the scheme, the formative evaluation data of Chapter I come from
six kinds of evaluation, including video viewing, learning times, sign-in times, testing
(before class, during class, and chapter testing), homework, and discussion recorded in an
intelligent platform. Because the data of presentation assignments will only be obtained
after the whole course were completely over, the formative evaluation data of chapter
I did not include this part. Combined with the teaching objectives and encouraging
students to learn more after class, the evaluation weights of these six forms were 20%,
20%, 2%, 33%, 15%, and 10% respectively.

5.2 Application of Formative Assessment Data in Learning Management

The data based on formative assessment includes behavior quantitative data of students’
learning attitude and effort (sign-in, video watching, learning times) and quality assess-
ment data of students’ task completion (homework, examination, discussion, and report).
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Teachers should analyze students’ learning problems represented by various evaluation
data combinations of formative evaluation, then find out problems in time through data
feedback, and guide students to complete the learning process effectively.

The practical data in this chapter show that all students except one can reach the
standard of four evaluationmethods. Three of them (sign-in, videowatching, homework)
are designed for low-level learning goals, so it is not difficult for most students to achieve
them. In addition, the examination time is short, and most of the questions are set up
for memory and understanding of knowledge points. Due to the proportion of high-level
questions being relatively small, most of the students can pass the examination. The
qualification of these four items indicates that the learning management of low-level
learning is relatively successful.

However, in the learning times and discussion evaluation, a large proportion of
unqualified students appeared. Learning times reflect students’ efforts to achieve high-
level learning goals. Students need to study teaching resources in depth before they can
obtain ideal results in discussions. The two are closely linked. In order to improve the two
unqualified evaluation items, teachers can set more hierarchical thinking tasks according
to the discussion topics or increase the scores of high-level application questions in
the section exam to remind students to pay attention to the depth of learning. In the

Table 1. Practical Scheme Design of Chapter I (Owner-Draw)

Teaching objective

low-level objective:
(1) Understand and master the classification and hazard of pollutants in wastewater, applicable water
quality, discharge standards, basic treatment methods types, and processes;
(2) Understand the process flow grading, in which what kind of pollutants are treated.
high-level objective:
(3) Be able to determine the grade of a treatment process flow according to the given wastewater quality
and discharge standards; The existing process can be graded.

objective
analysis

low-level objective
(1)
basic knowledge
point learning

low-level objective (2)
integrative studying based
on objective (1)

high-level objective (3)
close contact with the practice
and challenging learning

student analysis/
learning process

• classification,
hazard, and water
quality standard of
pollutants have
been
learned/reviewed
before class;

• dealing with
methods and
processes not
learned/classroom
learning and
review after class

processes flow not
learned/classroom learning
and review after class

insufficient understanding of
‘wastewater quality, discharge
standards and treatment
methods of various industries at
current stage’ and lack of
systematic thinking, integrated
application ability, and
innovation
consciousness/after-school
learning and improvement

intelligent platform interacting and recording the whole process by the ‘Xuexitong’ platform

(continued)



Learning Process Management Model Based on Formative Assessment 209

Table 1. (continued)

Teaching objective

teaching
strategy/selection
purpose

• watching the
video of what
learned and
testing before
class/reviewing &
guiding students
to check and fill
the vacancy

• giving lessons and
classroom
tests/explaining
and understanding
the learning effect

• giving lessons/explaining
• classroom
test/understanding the
learning effect and
analyzing the reasons for
losing points and guiding
students to study deeply
in time

• homework/summarizing
systematic knowledge
points with the mind map

• section test/supervising
and urging review, testing
results

• discussion/giving an
industrial wastewater process,
guiding students to discuss
the intention and
substitutability of each
treatment process unit

• homework &
report/investigating the
pollutant indicators,
discharge standards, and
relevant treatment methods of
different industries’
wastewater in groups, and
designing the treatment
process by themselves.

a group of PPT will be
presented at each subsequent
class. ‘Industrial wastewater
quality, discharge standards,
and treatment process flow’ is
helpful for establishing system
thinking; ‘Process comparison
and new process application’ is
high-level thinking training,
process comparison is the
cultivation of speculative
ability, and new process
application reflects innovation
consciousness and challenge

evaluation
instrument/data

• times of sign-in, learning, and watching video from the platform/quantitative data
to test students’ learning attitude and effort

• test questions (before, during, after class, chapter)/specific scores quantifying
students’ mastery

• homework rating/mind map rating (four indicators: correctness, perfection,
structure, and conciseness)

• discussion rating/quantification of quality evaluation (three indicators: attitude,
originality, and ability to apply knowledge)

• Homework report rating/quantification of quality evaluation (four indicators:
content, PPT, narration, and team cooperation)

teaching resources video/courseware/test questions/discussion topic and evaluation form/report theme
and evaluation form/expanding articles and books (for researching and learning)

discussion, teachers can appropriately strengthen guidance. For example, the difficulty
level of discussion content is raised gradually, different discussion topics are matched to
different groups, the participation of students is expanded, and the instant discussion is
changed to the second classroom discussion according in order to make students prepare
well. Through such measure adjusting, the pass rate of students in the two evaluations
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of learning times and discussions in the subsequent chapters has been greatly improved.
Most students have achieved the high-level learning objectives of the course.

Finally, the reason why a special student failed in the course video, homework,
and examination was the student’s slack attitude caused by his family. Through timely
communication, with teachers, the student also passes the formative evaluation in the
following chapters.

6 Conclusion

‘Student-centered’ course teaching reform is the general trend of higher education, and
students’ learning process is an integral part of teaching. Formative assessment is the
realization process of data designed, obtained, and evaluated by teachers according to
the teaching objective and the needs of students. The content of the task and expres-
sion significance of data should be systematically studied based on six aspects, such as
teaching objectives, student analysis, intelligent platform, assessment instrument, teach-
ing strategies, and teaching resources. Thus, the data from formative assessment should
be practically applied to learning process management. Teachers can analyze the con-
sistency of learning results and learning processes of student groups and individuals,
and can specifically analyze the gap between students’ learning degrees and learning
processes with assessment data. At the same time, data can indicate directions for the
improvement of learning process guidance methods and task planning formulated by
teachers. Formative assessment is an effective model driven by data learning process
management.
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