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ABSTRACT

With the expansion of the online learning scale and the rapid development of learning anal-
ysis techniques, learning systems can completely record learners’ online learning behavior.
What types of learning intervention measures can influence learning performance? How is
the intervention working? The above questions are the focus of online courses and emphasize
improving the online learning effect. In this research, 96 undergraduates (Classes 1 and 2,
Grade 2) majoring in civil engineering and enrolled in the Engineering Surveying online
course at the College of Transportation Engineering, Huanghe Jiaotong University, Henan
Province, were selected as the research objects and randomly divided into two groups
(the experimental group (N = 48) and the control group (N = 48)). Then, conducted a 15-week
sustained intervention study through quasi-experimental research, and verified the effec-
tiveness of different types of intervention measures on the learners’ learning performance.
Next, a one-way analysis of variance was conducted, based on the pretesting of the perfor-
mance data, the quality of online discussion posts, the effective learning duration, and the
online final test results. Research results showed no obvious differences between the exper-
imental group and control group in the online final test results from the previous semester
(P = 0.347). The online learners’ learning performance was influenced by three aspects of
the learning intervention, that is, apparent differences in the posting quality in the learning
prompt intervention (T = 8.23, P < 0.01), the online learning duration in the process moni-
toring intervention (T = 23.19, P < 0.01), and the online final test results in the achievement
incentive intervention (T = 6.08, P < 0.01). The research results have an important reference
value for implementing intervention strategies in the online learning environment, judging
the effectiveness of such strategies according to curve changes in performance, and using the
mass data of learners recorded by online learning platforms.
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1  INTRODUCTION

With the development and popularization of technology, the Internet’s penetra-
tion into society has affected people’s daily lives and ways of learning. In the Internet
age, the importance of online learning for learners is self-evident. Research on and
the use of online learning are of considerable practical significance to the innovation
of traditional educational forms and learning and thinking methods in the network
age. The appearance of learning technology in the classroom has changed students’
traditional learning styles and provided them with possibilities to overcome space-
time restrictions and carry out learning activities. Online learning, a new way of
learning, is realized through network teaching and learning activities and other dig-
ital content in the learning environment. Online learning can change not only the
leading role of teachers and the teacher-student relationship in the traditional learn-
ing environment but also the teaching structure and educational essence. In the
process of traditional online learning, teachers typically use certain summative eval-
uation methods to measure students’ academic performance, ignoring the impor-
tance of learning intervention measures in the process. The rapid development of
online courses encourages learners to fully utilize their fragmented time to meet
their personalized learning needs. Simultaneously, it prompts educators to shift
from a traditional “teaching centered” approach to a “learning-centered,” one. This
shift involves paying considerable attention to the development of students’ critical
thinking and higher-order thinking abilities. As a result, online courses under the
“Internet + Education” model are advancing and experiencing new developments.

Online courses impose extremely high requirements on learners’ autonomous
learning abilities. As the leader in online courses, teachers provide students with
holistic learning services, and students learn and explore the provided knowledge
independently with the help of the learning management platform to enhance their
understanding of the knowledge and improve their learning efficiency. Compared
with students in the traditional face-to-face learning environment, students in the
online learning environment expect a higher degree of teaching and social inter-
action. Therefore, teachers must help students in building their learning scaffold-
ing and actively engage with them to intervene promptly and provide feedback to
strengthen their learning process. In view of students’ irregular learning behaviors,
it is crucial to accurately evaluate their learning level using dynamic learning data
from learning management platforms to implement accurate learning intervention
measures, provide guidance, and help them design personalized learning schemes.
Online learning interventions can help students increase their learning enthusiasm,
identify their shortcomings, adjust their learning status, realize personalized learn-
ing, improve their learning performance, promote the success of online courses, and
improve the teaching quality of online courses. Online learning management plat-
forms can record learners’ proper understanding of knowledge, accurately identify
weak knowledge based on the learning data, and give correct guidance and sugges-
tions to learners. Learners’ degree of knowledge mastery can be accurately predicted
based on their curriculum resource browsing history and participation in learning,
which enables the personalized content knowledge with different difficulty levels.
At the same time, personalized learning programs can be customized according to
students’ learning interests and abilities. The primary goal of learning intervention is
to guide learners effectively through the learning process. Learning intervention in
the online learning environment embodies timely and effective feedback and inter-
vention measures for students to acquire new information. Specifically, intervention
measures target learners’ academic risks to improve their learning performance.
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2 LITERATURE REVIEW

In the process of online learning, obvious uncertainties in online learning perfor-
mance exist owing to learners’ basic level, difficulty in the discussion activity design,
teachers’ teaching level, the rationality of curriculum resources, and students’
demand for courses. Thus, considering learning intervention measures is necessary.
Learning intervention has become an important component of online education
and teaching. The research data on online learning interventions primarily collected
through questionnaires, interviews, and online learning management platforms,
subsequently used to design relevant intervention measures. Regarding the influ-
ence of learning intervention on online learning, Pei, L., et al. [1] adopted a random
effect model for comprehensive analysis and believed that online learning interven-
tion has advantages in improving students’ knowledge and skills; thus, it can be con-
sidered as a potential undergraduate medical teaching method. The research results
of Bardach, L., et al. [2] showed that, compared with the control group, both online
intervention measures have a significant positive impact on cognitive classroom
preparation and self-efficacy, thereby proving the potential of easy-to-implement
online intervention measures in improving self-efficacy and classroom preparation.
Liu, M., et al. [3] pointed out that adaptive learning interventions can help bridge the
knowledge gap in chemistry and emphasized the importance of instructional design
in adaptive learning. Fernandez-Rio, J., et al. [4] analyzed the influence of cooper-
ative learning intervention on students’ motivation and showed that continuous
cooperative learning intervention can improve the intrinsic motivation and recog-
nition adjustment of secondary education students. Meanwhile, Forneris, S. G, et al.
[5] demonstrated that situational learning interventions can improve the critical
thinking of clinical learners in nursing education. Kiger, D., et al. [6] analyzed the
influence of a nine-week mobile learning intervention on students’ learning out-
comes and showed that the students performed better than the control group in a
multiplication test after the intervention. Rosenblatt, J. L., et al. [7] indicated that in
the transition stage from primary school to junior high school students” GPA scores
drop significantly. In a classroom with high intervention, the decline in the students’
GPA during the transition period is less than that in the GPA of the students in the
classroom with low intervention. Morris, P, et al. [8] verified the hypothesis that
children’s learning environments can be improved through social and emotional
learning (SEL) intervention, which can improve teachers’ ability to solve children’s
behavioral problems and provide a positive emotional atmosphere in the classroom.
Cramer, K. M, et al. [9] examined the flexibility of students’ self-reporting and inter-
nalization of social emotions to determine the intervention effect of a culturally
adaptive SEL program and showed that statistical self-reporting flexibility increases
significantly immediately after the intervention. Chen, Z., et al. [10] revealed that
online learning interventions can motivate students to actively participate in online
learning activities and get high marks on all their tasks, tests, and examinations.
According to Rowe, F. A, et al. [11], the influence of self-regulated learning interven-
tions on students’ learning achievements in the online learning environment indi-
cates that support for self-regulated learning can significantly improve academic
performance. Palaniappan, K, et al. [12] observed that after a gamification learning
intervention, the learners’ academic performance improved significantly, and gam-
ification strategies used in the online learning environment have a positive impact
on learners’ autonomous learning. Yang, C. C, et al. [13] suggested that teachers
should help students formulate effective assessment strategies. In a teaching exper-
iment, the students’ scores improved significantly, from the pre-test to the post-test,
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in three of the four tasks. Ji, Y, et al. [14] combined data mining with Massive Open
Online Courses (MOOCs) and micro lectures to conduct a case study on virtual reality
technology to provide ideas and techniques for implementing reliable and effective
teaching intervention methods in the online teaching process. Islas, A, et al. [15]
compared the online learning strategies for individual learning outcomes of two
groups of engineering students who worked as a team under the challenge-based
collaboration mode. The results showed that the individual learning effect of the
team participants after the intervention was significantly higher than that of the
team participants without the intervention, and the average evaluation score
increased. Ilic, D., et al. [16] compared the effectiveness of blended learning (BL) and
teaching learning in the evidence-based ability, self-efficacy, attitude, and behavior
of medical students and indicated that the students are highly inclined toward the
BL method for teaching. Butz, N. T, et al. [17] pointed out that students who partici-
pate in online discussion board intervention can improve their sense of self-efficacy
in establishing relationships with other online participants and explained how to
use threaded discussions to support the development of relevance. Cobos, R., et al.
[18] proposed a system called the edX MOOCs learning intervention system (edX-LIS)
to provide MOOCs learners with information on their learning progress regularly.
The author’s research results showed that the intervention strategies supported by
edX-LIS have a positive impact on MOOCs learners’ learning motivation, persistence,
and participation. Davis, D. R,, et al. [19] investigated the influence of a customized
short message service (SMS) reminder system to help students lessen their procras-
tination and improve their performance in weekly content-related tests in mixed
online courses with a high enrollment rate. The results revealed that the system
has a positive impact on the level of procrastination and can effectively understand
the students’ response to intervention measures. Smith, V. C,, et al. [20] argued that
effective learning intervention measures might significantly improve the learning
outcomes of community learners. In the existing literature, it is evident that there is
a strong emphasis on intervention measures, designed to address various learning
challenges. These learning intervention measures can significantly influence various
aspects of learning performance, learning satisfaction, course participation, learn-
ing interests, and so on, and has a direct impact on learning performance. Experts
and scholars generally believe that learning intervention measures can improve stu-
dents’ learning performance and behaviors, such as learning motivation, learning
interests, learning attitude, learning participation, learning duration, self-efficacy,
and academic performance. This also lays the research foundation for the prediction
effect of learning performance after the implementation of the intervention mea-
sures in this research.

3  METHODOLOGY
3.1 Research objectives

Based on the previous literature review and research theory, and according to the
literature, this paper intends to propose three intervention methods: learning prompt
intervention, process monitoring intervention, and achievement incentive interven-
tion. This research aims to analyze the changes in and effects on students’ learning
performance after the application of the different intervention measures, namely,
learning prompt intervention, process-monitoring intervention, and achievement
incentive intervention, to verify the effectiveness of the intervention methods.
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3.2 Research methods

In this research, intervention methods suitable for the online learning environ-
ment according to its characteristics were proposed. The online learning environ-
ment overcomes space-time restrictions as learning and teaching tasks primarily
occur on a dedicated platform. Despite the limitation in the form of space-time
separation between teachers and students, interactions such as teacher-student,
student-student, and human-machine interactions are achievable. The online learn-
ing activities of the course mainly require the learners to study the course resources
independently, then complete the course learning within the specified time and
date, and conduct mutual evaluation among themselves to promote interaction and
exchanges and increase their enthusiasm.

Inthisresearch, analysis of the learners’ behavioral and cognitive data can serve as
an important basis for the learning intervention. The analysis tool on the Blackboard
learning platform was utilized to analyze the behavioral data. The effectiveness of
the learning prompt intervention was measured by the posting quality, which was
judged by the platform according to the number of words and content conformity
of the students’ replies. The comprehensive posting quality was indicated, ranging
from 1 to 10, with two decimals reserved. The process monitoring intervention was
indicated by the duration of effective online learning, with a statistical unit of an
hour, directly calculated by the learning platform. Finally, the achievement incen-
tive intervention was expressed by the online final test results, which were directly
exported from the teacher side of the platform, with a score ranging from 0 to 100.

3.3 Research objects

Atotal of 96 undergraduate students (Class 1 and Class 2, Grade 2) majoring in civil
engineering and enrolled in the Engineering Surveying online course at the College
of Transportation Engineering, Huanghe Jiaotong University, Henan Province, were
selected as the research objects and randomly divided into two groups (experimen-
tal group and control group), with 48 students in each group. In the experimental
group, the teachers used three intervention measures: a learning prompt interven-
tion, a process monitoring intervention, and an achievement incentive intervention.
In the control group, the teachers did not employ any learning intervention mea-
sures. The course structure and learning resources of the Engineering Survey online
course were complete. The online learning duration was divided into 15 modules.
That is, the learning cycle was 15 weeks, 4 hours a week. Online learning was set as
the online discussion activity for each module (accounting for about 48% of all the
modules), each module included complete learning resources and learning activi-
ties, and the learning time for each module was set to 1 week. In the experimental
group, an intervention was employed in Modules 3, 6, 9, 12, and 15, with the learn-
ing content of Module 15 as the last intervention.

4  RESULT ANALYSIS
4.1 Pre-experiment

Before the experiment, differences in the starting levels of the two groups of stu-
dents were determined to verify the rationality of the grouping. For both groups,
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the same learning resources, discussion activities, and evaluation standards were
adopted, and the same teacher was assigned to control for the influence of irrelevant
variables on the experiment. Moreover, whether the students’ starting level was con-
sistent was verified through their online final test results from the previous semester.

Table 1. Pre-experiment performance test of experimental group and control group

Standard Standard

Degree

Mean  poviation ErrorofMean VA" ofFreedom T VAMe

Pre-experiment performance of experimental group 48 | 70.35 5.94 0.86
—0.94 90 0.347

Pre-experiment performance of control group 48 | 71.62 7.16 1.0

Based on Table 1 it is evident that the corresponding P-value of the T-test was
greater than 0.5, indicating that no obvious differences existed between the students
in the experimental group and the control group in their online final test results in
the previous semester.

4.2 Effect analysis of learning prompt intervention

Table 2. Differences in learning prompt intervention

NENGEN NENGEN

N Mean , iation ErrorofMean L aue P-Value
Posting quality of experimental quality | 48 | 7.423 1.418 0.205
8.23 0.000
Posting quality of control group 48 | 5.556 0.754 0.109
15—

2 104 cees,

g’ Y 'o'..:.' b :

%D . ®00000°® .e® ....‘.o..::.’..

£ 59 '-..:::.‘..00 L

0 T T
Control Treated

Fig. 1. Differences in posting quality

In Table 2 and Figure 1, it is clear that the posting quality of the students in
the experimental group differed from that of the students in the control group.
Specifically, the posting quality of the students in the experimental group was 1.867
points higher than that of the students in the control group (10-point system), which
was 33.60 percent higher. The main reason behind this outcome may be that the
goal of the learning prompt intervention measure is to push the curriculum learn-
ing basic information to the students and stimulate their enthusiasm to participate
in the curriculum learning. In online teaching, teachers adopt the learning prompt
intervention measure, which can help students understand the objectives of learn-
ing tasks, clarify the requirements of activities and their precautions, and master
the specific arrangement of learning activities. Teachers can inform their students
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about various aspects of the course, including the content, learning theme, learning
resources, and specific starting and ending time for learning activities, By assist-
ing students in building a solid learning scaffolding, teachers facilitate and support
their completion of learning activities. Furthermore, teachers promote interaction
between themselves and their students; help their students perceive the help and
support in the online learning environment; increase their students’ attention to
the course; and improve the achievement of the course objectives. Through regu-
lar information updates, teachers remind their students about learning objectives,
activities, requirements, and deadlines. They may also share information about the
number of students who have completed certain learning activities. This timely
communication establish a connection between teachers and students, and stim-
ulate their students’ learning interest and participation enthusiasm to improve
their posting quality, which they can use to urge their students to participate in the
learning activities or apply relevant intervention and provide guidance for specific
problems. Teachers can communicate with their students through e-mail to provide
corresponding learning suggestions, guide them to fully use their fragmented learn-
ing time to devote themselves to learning and complete the phased learning tasks,
help them understand their learning situation in real-time, and improve their post-
ing quality.

4.3 Effect analysis of process monitoring intervention

Table 3. Differences in process monitoring intervention

Standard Standard
Deviation Error of Mean

T-Value P-Value

N Mean

Learning duration of experimental group | 48 | 54.852 2.802 0.404

23.19 0.000

Learning duration of control group 48 | 43.929 1.858 0.268

65

60—

55

50

40

Learning Duration

Control Treated

Fig. 2. Differences in learning duration

From Table 3 and Figure 2 it is obvious that differences existed between the
experimental group and the control group in their learning duration. Specifically,
the learning duration of the students in the experimental group was 10.923 hours
longer than that of the students in the control group by 24.87%. The primary reason
for the positive outcome is attributed to the effectiveness of monitoring interven-
tion measures, where teachers or their assistants take on the role of guides and
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instructors in the online learning process. They actively monitor and manage stu-
dents’ learning progress in real-time, providing timely support and assistance to
students. This guidance helps students gain a better understanding of their learning
situation and facilitate the quality of their online learning experience. Teachers are
able to browse students’ participation in discussion activities in real-time, enabling
them to offer comments on guidance on students’ posts. This promotes deeper com-
munication among the learners, encourages the sharing of external knowledge,
and prompts students to actively participate in discussion topics. As a result, a clash
of views and ideas occurs, promoting critical thinking and analysis of knowledge
within the context of the discussion topics. These interventions improve the quality
of discussions and interaction, leading to the improvement of learners’ cognitive
abilities and overall learning outcomes. In learning behavior management centers,
teachers can monitor students with a short learning duration, and the system will
focus on the learning situation of the monitored students, and feed the students’
learning situation back to the teachers. When students’ learning duration is nota-
blyshorter than the average duration, the system will trigger an early warning
alarm. Subsequently the teacher will send the early warning alarm to the students
to remind them that they must log in to the platform as soon as possible to par-
ticipate in the course study; otherwise, an academic crisis may occur, which may
affect the course learning duration and facilitate the real-time supervision of the
students’ learning behavior. Before proceeding to the next module, students can
customize their self-management schedule and clarify their learning plans for the
course to increase their online learning duration and monitor their learning prog-
ress frequently and closely, thereby improving their assignment completion time
and learning performance.

4.4 Effect analysis of achievement incentive intervention

Table 4. Differences in achievement incentive intervention

Standard N ENGEN

N Mean T-Value P-Value

Deviation Error of Mean

Onling final test results of 48 | 8078 6.26 090
experimental group 6.08 0.000

Online final test results of control group | 48 | 70.78 8.72 1.26

110

100

90-

80

70

Online Final Grade

60 -

50

T T
Control Treated

Fig. 3. Differences in online final test results
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Table 4 and Figure 3 show obvious differences between the experimental group
and control group in the students’ online final test results. The online final test results
of the students in the experimental group were 10 points higher (14.13%) than those
of the students in the control group. The main reason behind this outcome may be
that teachers give students appropriate encouragement and affirmation to help them
gain confidence in their courses. Although online learning has many advantages,
with the gradual extension of its duration students may not pay adequate atten-
tion toit. In addition, when numerous offline assignments are given, students may
not submit them and lack motivation and interest in online learning, which may
considerably affect their online final test results. Therefore, teachers must stimulate
learners’ internal drive and design curriculum resources and curriculum learning
activities according to learners’ characteristics and the curriculum requirements,
combined with the characteristics of multidisciplinary integration, to improve the
learners’ satisfaction, acquisition, accomplishment, and continuous autonomous
learning. On the premise of catering to student development characteristics and
abiding by school rules and regulations, teachers should establish a reward and
punishment mechanism and a diversified evaluation mechanism and actively guide
students to participate in learning. For learners who excel in online discussion activ-
ities, teachers can directly interact with them on the discussion board. By replying
to their posts, teachers can praise and acknowledge their efforts, encouraging and
affirming their positive learning behavior. This recognition helps boost their confi-
dence, enhance the harmonious development of their teacher—student relationship,
promote their active participation in discussion activities, help them enhance their
emotional experience in the online learning environment, correct their learning atti-
tude, and improve their self-efficacy and online final test results.

5  DISCUSSIONS

Learning intervention measures in the online learning environment are timely,
flexible, and diverse, which require teachers to prescribe the correct medicine for
students’ different problems and help learners conduct learning evaluations and
reflections. As the most direct learning support service for learners for learning
activities, learning intervention can determine learners’ learning experience and
final academic performance. With the development of online learning in full swing,
students’ learning quality has become an obstacle to the development of online learn-
ing. Tracking and recording learners’ learning behavior trajectories have become
possible with the improved functions of learning platforms. Conducting in-depth
learning analysis on the collected data is necessary to intervene in students’ learn-
ing processes to enable them to avoid learning risks and achieve academic success.
Learning interventions can digitize learning behavior data with the help of learning
analysis ideas and techniques. In addition, the intervention basis of learning inter-
vention is objective, its intervention process is accurate, its intervention objects are
personalized, its intervention measures are systematic, and its intervention results
are highly effective. Learning interventions supported by learning analysis technol-
ogy can help realize personalized and adaptive learning. Effective learning interven-
tions can help learners complete their learning activities smoothly and contribute to
the development of online learning. In this research, different learning intervention
methods were employed to the research objects, and the pre-experiment data and
the data before and after the intervention, were compared. It was observed that
the learning prompt intervention measure could help improve the posting quality,
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effective online learning duration, and online final test results. Learning interven-
tion can create the necessary institutional conditions for the use of technology in
teaching, which can help the implementation of teaching intervention and techni-
cal intervention. Teaching intervention pays attention to the role of teachers, can
improve teachers’ performance through online learning platforms and training
evaluations, and can ensure the orderly advancement of teaching tasks. Meanwhile,
technical intervention involves personalization and the usability of platforms and
tools to improve teachers and students’ user experiences, which is the basis for cre-
ating modules and tools on platforms. At the same time, attention must be paid to
the fact that in the process of online learning, teachers or students follow targeted,
planned, and purposeful invasive suggestions or guiding activities for problems
encountered in the learning process. The beginning, content, frequency, and mode
of learning intervention depend on students’ learning status and problems.

6  CONCLUSIONS

With the continuous penetration of technology into education, online education
has demonstrated a rapid development trend. In the Internet age, online learning
coexists with other learning methods, and technological development promoted the
popularization of online learning and made it the new means for students to acquire
knowledge. The development of online learning will inevitably lead to the phenom-
enon of the “space-time separation of teaching behavior and learning behavior.”
Therefore, timely learning intervention can not only solve potential learning prob-
lems but also improve students’ learning performance. In this research, the partic-
ipants consisted of 96 undergraduates from classes 1 and 2 of Grade 2, majoring in
civil engineering, enrolled in the Engineering Surveying online course at the College
of Transportation Engineering, Huanghe Jiaotong University, Henan Province. These
students were selected as the research objects, and a quasi-experimental study was
conducted for 15 weeks to verify the effectiveness of different types of intervention
measures on the learners’ learning performance (experimental group [N = 48] and
control group [N = 48]). The results showed obvious differences in the posting qual-
ity in the learning prompt intervention (T = 8.23, P < 0.01), online learning duration
in the process monitoring intervention (T = 23.19, P < 0.01), and online final test
results in the achievement incentive intervention (T = 6.08, P < 0.01). Continuous,
in-depth research need to be conducted on online learning platforms that record
large amounts of learners’ data to deduce their learning behavior patterns, other
online learning data sources for data acquisition should be explored, flexible and
intelligent intervention strategies should be examined, and changes in learners’
emotional engagement in a learning intervention should be investigated.
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