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Knowledge map-based online micro-learning: impacts on
learning engagement, knowledge structure, and learning
performance of in-service teachers
Ning Ma a,b, Feilong Zhaoa, Peng-Qin Zhoua, Jun-Jie Hea and Lei Dua

aSchool of Educational Technology, Faculty of Education, Beijing Normal University, Beijing, People’s Republic of
China; bAdvanced Innovation Center for Future Education, Beijing Normal University, Beijing, People’s Republic of
China

ABSTRACT
Online teacher professional development is widely regarded as a
promising way to improve the quality of teachers and the effect of
teaching. Micro-learning, which has the potential to fit the learner’s
personalized learning needs through a variety of small educational
resources and flexible learning opportunities, could be an efficient way
for the online teacher professional development. However, the
scattered knowledge points and fragmented learning time in micro-
learning may limit the learner’s comprehension and the construction of
knowledge. In this study, a knowledge map-based online micro-learning
system was developed to solve this problem. To verify the effectiveness
of the proposed system, a quasi-experiment was conducted during a
three-week online course for teachers’ professional development. A
total of 42 in-service Mandarin teachers participated in the course, and
were divided into two equal groups. An experimental group learned by
using a knowledge map tool while a control group learned the same
contents in the form of the conventional list type. The results indicate
that the experimental group outperformed the control group in terms
of learning engagement, and showed a clearer and more complete
knowledge structure. Furthermore, micro-learning coupled with
knowledge maps was found to improve the teachers’ learning
performance.
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Introduction

In an era marked by technological changes and increasing global connectivity, teacher professional
development (TPD) has attracted the interest of educational foundations and governments in many
countries (Kennedy, 2016). Numerous studies have reported that well-designed professional devel-
opment programs can help teachers improve the quality of their instruction and hence better
educate their students (Gore et al., 2017; Koh, 2019). Previous studies have also shown that if tea-
chers receive effective professional development training, they are more likely to be innovative in
terms of their teaching skills and perspectives (Chen et al., 2016). Hence, TPD is widely regarded
as the most promising way to improve the quality of teachers and the effect of teaching (Gore
et al., 2017).

Given the need to support TPD, educational foundations around the world are spending large
sums on the design and implementation of TPD programs (Lindvall & Ryve, 2019). In recent years,
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due to such limitations of conventional offline workshops for TPD as a lack of participation and the
creation of usable pedagogical knowledge (Cho & Rathbun, 2013), online teacher professional devel-
opment (oTPD) has been encouraged by many scholars (Parsons et al., 2019). oTPD offers teachers a
flexible and cost-effective option for professional development in a myriad of educational topics
(Chen et al., 2009; Powell & Bodur, 2019). Furthermore, online communities and networks can
provide teachers with the possibility of sharing opinions.

Among the most notable trends of online learning is the design and implementation of small
chunks of learning resources to fit individual learning needs, called micro-learning (Nikou & Econo-
mides, 2018). Jomah et al. (2014) claimed that since micro-learning can help learners acquire a large
number of valuable learning materials flexibly in time according to their personalized learning needs,
and can be viewed as an efficient way to improve learning. However, some researchers have argued
that features of the micro-learning approach can adversely influence students’ learning outcomes,
such as fragmented learning time, scattered learning contents, and a potentially unlimited
number of sites available for learning (Fu et al., 2019; Huo & Shen, 2015). For example. Hung et al.
(2014) claimed that in the micro-learning approach, learners generally learn with a number of
short instructional videos, each of which presents a concept or a piece of knowledge. This can
influence their understanding of the entire knowledge structure. Therefore, it is important to
provide a strategy or tools to help learners organize what they have learned.

Shaw (2010) has verified that knowledge maps have an advantage when it comes to simplifying
relational complexity. Thus, using knowledge maps to present e-learning materials can make the
structure of learning contents clearer and cause learners to easily digest them in a short time
(Hwang et al., 2018). We have in past investigated the application of a knowledge map in to an
online micro-learning course. Our hypothesis had then been that micro-learning coupled with a
knowledge map is more effective than learning without a map. During our research, we noticed a
trend whereby previous studies had focused heavily on the effects of knowledge maps in traditional
learning rather than e-learning (Shaw, 2010). Although there is considerable literature on pro-
fessional development, including teachers’ preservice preparation and evaluations of methods to
improving teaching, little systematic research has centered on knowledge map-based learning as
a possible approach to TPD (Hwang et al., 2019).

In this study, a knowledge map-based micro-learning system is developed and a quasi-exper-
iment is conducted to verify its positive influence on in-service teachers’ learning engagement,
knowledge structure, and learning performance.

Literature review

Micro-learning

Micro-learning refers to a learning approach based on small learning units and short, focused learn-
ing activities (Nikou & Economides, 2018). In micro-learning, learners can obtain various micro-con-
tents, including definitions, brief video segments, and quizzes, and a micro-assessment so that their
knowledge can be evaluated without requiring special testing arrangements (Nikou & Economides,
2018). Thus, micro-learning can be easily integrated into a learners’ daily life to enable a flexible
learning model that reflects the learners’ personal needs.

In addition to the above, micro-learning is reported to have a positive influence on learning and a
learner’s overall satisfaction (Stohr et al., 2019). Previous research has shown that micro-learning
conforms to the general model for learners to process information in small, manageable knowledge
chunks, and therefore can enable them to better study and retain information without an infor-
mation overload. For example, Slemmons et al. (2018) claimed that the attention spans of learners
are often limited to 15 min. Small, adaptive chunks of resources give learners the opportunity to
make the best use of every fragmented piece of time to engage in learning (Zhang, 2016). The
micro-learning approach provides abundant online resources to promote instant learning according
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to individual needs (Souza & Amaral, 2014). These small and fragmented learning resources’ not only
contribute to quick assimilation, but also make it possible to learn without the limitations of a fixed
time and location (Yang et al., 2017), which is a significant convenience for on-the-job personnel.

Although the advantages of micro-learning have been widely recognized, some have raised doubts
about it, such as the disadvantage of deep thinking construction whereby it can easy to lead to learn-
ing disorientation. Zhang et al. (2016) claimed that fragmented micro-learning contents require that
learners be highly concentrate and reflective, and an online learning environment is fraught with
unpredictable distractions that may lead to a highly scattered learning experience (Brita-Paja et al.,
2019). Moreover, in a mass of micro-learning resources, learners usually lack sufficient knowledge to
construct an appropriate logical structure consisting of the relevant knowledge points, which may
hinder their construction of deep thinking (Huo & Shen, 2015). In short, current research on micro-
learning has provided mixed results, but it appears that micro-videos in conjunction with other learn-
ing approaches may have the potential to improve learning (Stohr et al., 2019).

Knowledge maps

Knowledge maps, as a knowledge visualization tool, are used to show the relationships between
learning sources and knowledge (Lee & Segev, 2012). They are node-link representations in which
ideas are located in the nodes, and are connected to other, related ideas through a series of
labeled links (O’Donnell et al., 2002). Knowledge maps can be viewed as an important cognitive
strategy and resource for human creativity, discovery, and problem-solving (Lv et al., 2016; Shaw,
2019), and has been used to solve a wide range of problems in education and instructional
design (Ma et al., 2020). For example, Hou et al. (2016) proposed using a Web map-based mind
tool to improve learners’ spatial thinking and cooperative ability, which may have a positive
impact on their learning attitudes. With the development of visual computer-based systems, the
importance and complexity of visualization will surely increase (Cheng & Chu, 2018).

In addition to the above, there are many advantages of using knowledge maps in the learning
process. Some scholars have claimed that knowledge map-based e-learning materials can
improve learning performance and learning attitude (Al-Dmour et al., 2017; Chang et al., 2018;
Cheng & Chu, 2018). Knowledge displayed in a map can assist learners understand the various cor-
relations and knowledge structures (Mutodi & Chigonga, 2016). The knowledge map can be
regarded as a navigation tool to show the flow of knowledge and guide the learner’s process of
learning (Ma et al., 2020). This has the potential to help learners concentrate on the learning
process and transform tacit knowledge into explicit knowledge (O’Donnell et al., 2002). Furthermore,
previous studies have indicated that knowledge maps are useful for knowledge construction by
helping learners recognize important knowledge points and the relationships between them, and
to organize the knowledge systematically (Lee & Segev, 2012). By referring to these previous
studies, this research combines knowledge maps with micro-learning to improve teachers’ learning
engagement, knowledge structure, and learning performance.

Knowledge map-based online micro-learning system for in-service teachers

The design of the Knowledge Map-based Online Micro-Learning (KM-OML) system in our research is
motivated by the following considerations:

First, the knowledge map tool should present relationships between the core knowledge points
or chunks. In this research, based on the definition of the relationships among the knowledge points
(Shaw, 2010), we adopted three core relationships: pre-order or successor, correlativity, and sharing.
For example, suppose we have two knowledge points A and B, and the first relationship is that if A
must be learned before B, or learning B is directly supported by A, we should call A the pre-order
point of B, and should call B the successor of A. Second, correlativity means that the two knowledge
points are independent of each other, and there is no mandatory requirement of a learning
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sequence, but A can enrich the learning of B and vice versa. Third, if A and B have some the same
sub-contents, we call the relationship between them a sharing relationship. The knowledge map tool
should reveal the relationships between knowledge points, embody tacit knowledge, and reduce the
limitations from a single, linear relationship. In addition, during the learning process, the map tool
should help learners avoid learning disorientation by helping them form a graphic memory to recog-
nize the position of knowledge points in the knowledge system and establish a subjective one in
their mind.

Second, the knowledge map should support self-selection and personalized learning as a naviga-
tional tool. This will enable learners to choose the learning contents according to their personal inter-
ests and learning situations. In short, learners can learn at their own pace.

Third, the knowledge map should be a tracking and reflection tool. At the beginning, all knowl-
edge points are red, which means that they have not been learned. If the learner selects a knowledge
point, the point turns yellow. When the learners have finished learning the knowledge point and
completed all corresponding online exercises, the point turns green. The next point turns green
only when all of its pre-order knowledge points have been completed.

In this study, a teacher training course is designed for online micro-learning, called Integrating
Literacy, Reading, and Writing in Mandarin Learning. It is divided into 20 knowledge points (as
shown in Table 1) and contains three modules. Each is divided into several, more detailed, learning
contents called knowledge points. Likewise, the projected learning time of each knowledge point is
given in the last column of the table below.

Figure 1 shows the knowledge map interface of the KM-OML system. The map is composed of
three parts. The title of the course is represented by the rectangle, knowledge modules, and knowl-
edge points. Every module has several knowledge points and sub knowledge points, which are rep-
resented in three colors (red, green, yellow) according to their learning status. For example, green
means “has finished,” red means “has not started,” and “yellow” means “has started, but not
finished.” The different types of arrows between the knowledge modules and knowledge points rep-
resent the different relationships in the map.

Clicking any knowledge point opens a webpage that contains the corresponding learning con-
tents and materials divided into three parts: leading into the learning situation, micro-videos for
learning, and exercises for evaluation and knowledge transfer (see Figure 2). During the learning
process, the system can automatically track and record the participants’ learning processes, such
as learning time and online interaction. Furthermore, it can evaluate their learning based on the

Table 1. The outlines of knowledge points of micro-learning.

Modules Knowledge points Learning time (minutes)

Core theories Problems and current situation in Mandarin teaching 10
Children’s new thinking development theory 8
Integration theory of ICT into Mandarin teaching 10
Theory of creative thinking development in Mandarin teaching 5
Teacher-directed and student- centered teaching theory 5

Teaching model Brief introduction of the text teaching model 5
Linear and multi-nuclear principle for selecting teaching contents 5
Six key steps for the first class of the text teaching 8
Six key steps for the second class of the text teaching 10
Vocabulary learning strategies for the Students 10
Practice and coaching strategies for writing 5
Three steps for guiding reading 8
Strategies for raising questions 8
Strategies for extensive reading 10
Strategies for extensive writing 10

Core strategies Analysis methods of teaching goals 5
Method of creating situations 10
The Selection of teaching methods 8
Analysis of the key teaching points and difficult points 4
Methods of reflection on teaching 8
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evaluation scheme designed by researchers in advance. In addition, the learning function as well as
the system provides all learners with an interaction zone for online communication, and a discussion
board for comments and questions.

Research objectives and hypotheses

Based on the above discussion, this study investigates the effect of knowledge map tools on tea-
chers’ online micro-learning in relation to their learning engagement, knowledge structure, and
learning performance. The hypotheses of this study are as follows:

(1) The learning engagement of learners using the knowledge map tool is better than that of lear-
ners not using the map tool.

(2) The knowledge structure of learners using the knowledge map tool is better than that of learners
not using it.

(3) The learning performance of learners using the knowledge map tool is better than that of lear-
ners not using it.

Methodology

This study adopted a quasi-experimental research method to explore the effectiveness of the KM-
OML system in a three-week online micro-learning course conducted using two online learning
approaches: learning supported by the knowledge map, and not. The independent variable was
the knowledge map tool, and learning engagement, knowledge structure, and learning performance
of the participants were the dependent variables.

Participants

The researchers recruited 42 volunteers from seven primary schools in Beijing and Shenzhen, all in-
service Mandarin teachers, to participate in the study. To satisfy the requirements of this study, we

Figure 1. The knowledge map interface of the KM-OML system.
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developed a pre-test to vet the participants and divided them into two equal groups depending on
their scores on the pre-test.

The pre-test questionnaire contained 20 questions in total, covering four aspects: basic personal
information (e.g. years of teaching), information technology literacy (e.g. “How to insert video in
PPT”), basic knowledge of this course (e.g. “Which of the following teaching modes are suitable
for Mandarin lessons”), and teaching knowledge (e.g. “Which of the following elements are included
in the information instructional design"). The Cronbach’s α value of the questionnaire administered
was 0.79, showing acceptable reliability in internal consistency.

During an evaluation of the pre-test, we found that most teachers had little knowledge of the
course but enough Information Technology literacy to learn online, which met the requirements
of this experiment. Specifically, all teachers scored between 20 and 45 points out of 100, with par-
ticularly low scores in knowledge of the course contents. After our evaluation, the teachers were
divided into two groups with an equal mean score: namely, an experimental group (group 1;
average age:29.2, average teaching age:6.4) and a control group (group 2;average age:27.7,
average teaching age:5.6).

Figure 2. The micro-learning interface of the KM-OML system.
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Experimental procedure

In this study, the teachers in both groups were required to finish the 20 knowledge points. At the end
of the course, all participants were asked to submit a conceptual map, to show what they had
learned to reflect the level of construction of their knowledge, and an instructional design
scheme applying the theories and pedagogies they had learned in the course into a practical teach-
ing environment.

During the learning process, all teachers were allowed to choose any knowledge point to learn
based on their personal preferences, or to learn sequentially through the presented order of the
modules and topics. The difference was that the knowledge points and their relationships were pre-
sented in two forms between two groups. The experimental group was allowed to access the knowl-
edge map tool while in the control group, the knowledge points were presented in the conventional
list-type form. More importantly, the knowledge map could be used to remind the teachers of their
personal learning process by presenting different colors of knowledge points and the relationships
among them. To ensure the accuracy and reliability of the experiment, the two groups learned the
same materials, conducted the same online activities, and were instructed by the same expert.

After the experiment, the differences between the groups were analyzed according to the online
learning data recorded by the system automatically and the work submitted by the participants. The
online learning data were used to estimate the teachers’ learning engagement, and the conceptual
map was used to assess their knowledge structure in the course. To assess the teachers’ learning
performance, the instructional design scheme was evaluated and graded by three experts.

Three teachers in the experimental group accepted our invitation to participate in a semi-struc-
tured interview to further explain their personal experience of using a knowledge map compared
with their past online learning experience without knowledge maps. The audio for the interviews
was recorded and transcribed by researchers for analysis. Informed consent was obtained from all
participants. Based on the quantitative and qualitative data, the influence of knowledge map on tea-
chers’ learning was comprehensively analyzed.

Instruments

Learning engagement test
To evaluate learning engagement, and considering that the importance of the 20 knowledge points
might have differed, the analytic hierarchy process (AHP) (Saaty & Vargas, 2012), was used to deter-
mine the weights of the knowledge points (as shown in Table 2). To enhance the reliability of the
test, three experts with extensive relevant experience, who had taught the online course, compared
the importance of the knowledge points in pairs and developed overall priorities for ranking them
separately. Based on the ranking of importance given by the experts, the Yaahp 7.5 automatically
calculated the weight of each knowledge point, which is shown in Table 2. After calculation, it
was found that the consistency radio of the judgment matrices given by the three experts were
all less than 0.1, which satisfied AHP’s consistency requirement, indicating that the weights assigned
by each expert were reliable.

In terms of evaluating learning engagement, we focus on cognitive engagement and behavioral
engagement. Hence, on the data collection, there were learning activities in addition to the online
learning time, including learning tasks, exercises, votes, online discussions, and postings of ques-
tions. Similarly, to evaluate the teachers’ learning engagement with each knowledge point, we
used the same method to develop the weight of each aspect of the knowledge points. For
example, for the knowledge point “children’s new thinking development theory,” the participant’s
learning engagement was evaluated over four dimensions: online learning time, completion of learn-
ing tasks, completion of online exercises, and posting questions and comments on the discussion
board (see Table 3). Moreover, all data for the four dimensions were recorded and evaluated auto-
matically by the learning system. For example, for online learning time, the participants were
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automatically graded if they learned for longer than eight minutes online, but not if they did not.
Likewise, the other three dimensions were scored by points in the same way. Finally, the final
scores of the learning engagement of every participant were automatically calculated and displayed
by the KM-OML system.

Evaluation of knowledge structure based on conceptual maps
This study used the framework proposed by Ruiz-Primo and Shavelson (1996) as assessment tool to
evaluate the conceptual maps. The framework consisted of (a) a task that invites participants to
provide evidence bearing on their knowledge in a domain, (b) a format for the participants’
response, and (c) a scoring system by which participants’ conceptual maps can be evaluated accu-
rately and consistently. Based on this framework, and the concept map-evaluating system designed
by Novak et al. (1984), we built a scoring system for the conceptual maps used in this study (Table 4).
Participants were asked to draw the concept map that included entire course, not just a unit or a
knowledge point. An example of a concept map was shown in Figure 3.

Evaluation of learning performance based on instructional design scheme
To evaluate the teachers’ learning performance, all of them were asked to submit an instructional
design scheme at the end of the course. Li and Ma (2014) have proposed an evaluation framework

Table 2. The weights of the knowledge points.

Modules Knowledge points Weight factors The total weights

Core theories Problems and current situations in Mandarin teaching 4.0% 23%
Children’s new thinking development theory 5.0%
Integration theory of ICT into Mandarin teaching 5.0%
Theory of creative thinking development in Mandarin teaching 5.0%
Teacher-directed and student-centred teaching theory 4.0%

Teaching model Brief introduction of the teaching model 4.0% 56%
Linear and multi-nuclear principle for selecting teaching contents 4.0%
Six key steps for the first class of the text teaching 8.0%
Six key steps for the second class of the text teaching 8.0%
Literacy strategies for the students 5.0%
Practice and coaching strategies for writing 5.0%
Three steps for guiding reading 5.0%
Strategies for raising questions 5.0%
Strategies for extensive reading 6.0%
Strategies for extensive writing 6.0%

Core strategies Analysis methods of teaching goals 4.0% 21%
Method of creating situation 5.0%
The Selection of Teaching Methods 4.0%
Analysis of the key teaching points and difficult points 4.0%
Methods of Reflection on Teaching 4.0%

Table 3. The evaluation scheme of knowledge point “children’s new thinking development theory.”

Dimensions An example of items Evaluation
Weights
factors

Online learning time The cumulative online learning time is no less
than 8 min

Whether learned online more
than 8 min (yes or no)

20.0%

The completion of the
learning tasks

Watch video and answer the following questions:
How do you understand “Language is the
material form of thought”

Whether the participants finished
all learning tasks (yes or no)

30.0%

The completion of online
exercises

Finish online exercises Whether the participants finished
all online exercises (yes or no)

25.0%

Posting questions and
comments in
discussion board

The frequency of posting: for example, a
participant asked in discussion board: how to
promote the classroom genuinely
communicative in limited class teaching hours?

Whether the participants have
ever posted questions and
comments (yes or no)

25.0%
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for the instructional design scheme for teaching Mandarin consisting of 22 assessment items. As
shown in Table 5, based on the main knowledge points of micro-learning, we modified the evalu-
ation framework to develop a new one containing 16 items. The scores of each assessment item
were provided by the three experts using a five-point Likert scale ranging from one to five.

Results and analysis

Using the pre-set evaluation framework, learning engagement was assessed by the learning system
based on the online behaviors of the teachers. The learners’ knowledge structure and learning per-
formance were evaluated according to their conceptual maps and instructional design schemes,
respectively. As determined by a series of independent sample t-tests, the differences between
the experimental group and the control group in terms of learning engagement, knowledge struc-
ture, and learning performance were analyzed.

Table 4 The concept map scoring system.

Evaluation
components Standards Score

Hierarchy Check if this being scored concept map has a clear hierarchy. Check if
the lower level is more specific than the upper one.

Every effective level scores 5
points.

Concept Check if the key words of the concept are effective. Every effective key word scores
1 point.

Connection Check if the learner has drawn an arrow between two related concepts.
Check if the relationship is authentic.

Every authentic and effective
arrow scores 1 point.

Figure 3. The example of a concept map that covers the entire course.
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Analysis of learning engagement

To explore differences in learning engagement between the groups, the teachers’ learning engage-
ment was analyzed by using a t-test based on the learning engagement test. Table 6 shows the
averages, standard deviations, and p-values of the learning engagement test. There were significant
differences between the groups (t = 2.72, p = .013 < .05, Cohen’s d = 0.84), where the experimental
group outperformed the control group on the list-type materials. Cohen (1988) has claimed that a
Cohen’s d value greater than 0.5 represents a medium effect size while a value greater than 0.8 rep-
resents a large one. The result in Table 6 indicates a good effect size.

Analysis of knowledge structure

The three experts evaluated the conceptual maps submitted by the participants based on certain cri-
teria. The scores were recorded by averaging the scores assigned by them and passed the consistency
test (p = .000 < 0.05). The final score of each participant was analyzed by a t-test. Table 7 shows the
averages, standard deviations, and p-values for the knowledge structure. There were significant differ-
ences between the groups (t = 6.40, p = .000 < .001, Cohen’s d = 1.98). As shown in Table 7, the exper-
imental group outperformed the control group. Cohen’s d value also indicates a good effect size.

Analysis of learning performance

According to the scale of evaluation of the instructional design scheme, the three experts eval-
uated submissions by the 42 teachers. The evaluation processes were kept anonymous.

Table 5. The framework for instructional design diagnosis.

Dimensions Assessment items
Weights
(%)

Front-end analysis Analyze learners 3
Identify and describe the learning goals 3
Identify and describe the learning content, especially the important and difficult
learning point

3

Describe the core pedagogy or teaching ideas 4
Learning process design Design appropriate learning context and lead into learning fluently 4

Set or post appropriate tasks/questions/problems 12
Design rich, interesting and effective learning activities that can promote the learning
attitude and deep learning of the students

6

Select or develop effective strategies for guiding the students reading, such as role
play, teacher modeling et al.

9

Select or develop strategies for promoting the students to grasp the method of literacy
learning, especially on writing

9

Select or develop rich materials for extensive reading that focused on the learning
goals

8

Set effective and proper writing items, provide relative scaffold for writing 8
Pedagogies and
teaching ideas

Use the 2-1-1 teaching approach (20 min for learning the textbook, 10 min for
extensive reading and 10 min for composition writing)

6

Integrate the literacy, reading and writing together appropriately 5
Notice the role of the teacher and the students (students as principal part of the
learning, teachers as the assistant and supporter for the students)

5

Develop the students’ creative thinking in language learning 7
Develop the students’ critical thinking in language learning 8

Table 6. Summary of t-test analysis for the learning engagement of the two groups.

N Mean SD t d

Experimental group 21 90.61 3.12 2.72* 0.84
Control group 21 81.01 15.87

*p < .05.
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Kendall’s coefficient of concordance of the three experts was 0.626 and the significant prob-
ability for the χ2 test was 0.02 (<0.05). There was considerable consistency in the three
experts’ scores. The learning performance results are the average of the instructional design
schemes scored by experts.

The scores of the two groups were also analyzed by a t-test. Table 8 shows the averages, standard
deviations, and p-values of the assessment of the instructional design scheme. The experimental
group using the knowledge map tool outperformed the control group, which did not use it.
There was a significant difference between the groups (t = 3.37, p = .002 < .01, Cohen’s d = 1.04),
and Cohen’s d value showed a good effect size.

Results of interviews

To further understand the teachers’ experiences of using the knowledge map tool compared with
previous online learning without it, we conducted semi-structured interviews after the three-week
micro-learning course based on grounded theory (Glaser & Strauss, 1967) to analyze the interview
data. Grounded theory features of several key analytical strategies: (1) Coding: Categorize the quali-
tative data, and describe the implications and details of each category. The coding framework is
shown in Table 9. (2) Memoing: Record the thinking and ideas of researchers through the entire
research process. (3) Summarizing and generalizing: Compile all details and verify the most crucial
factor to help understand the data. According to Glaser and Strauss (1967), through the interviews,
we were able to infer the key factors of knowledge map-based micro-learning that influenced learn-
ing engagement, knowledge structure, and perceptions and learning performance.

Considering the educational background, teaching age, age and gender, this study selected three
participants for interview. The basic information of the interviewees is shown in Table 10.

The questions asked in the interview are as follows:

(1) Have you ever used the knowledge map before? If yes, have you gained any new insight into the
knowledge map?

(2) Can you briefly describe a time when you used the knowledge map? In general, how would you
arrange the order of studying and reviewing the knowledge points when using the knowledge
map? When did you usually use the knowledge map during the learning process?

(3) How do you think the knowledge map can influence your online learning? How is it different
from your previous online learning experience?

(4) Do you think this learning approach fits you?
(5) Do you think this tool can help you learn? For example, does it make the relationship between

knowledge points clear? Does it help you understand the position of the learning points in the
overall learning system? Do you still remember the learning contents and the map (two weeks
after the conclusion of the course)?

Table 7. Summary of t-test analysis for knowledge structure of the two groups.

N Mean SD t d

Experimental group 21 83.43 13.92 6.40*** 1.98
Control group 21 54.81 15.04

***p < .001.

Table 8. Summary of the t-test analysis of instructional design plans of the two groups.

N Mean SD t d

Experimental group 21 86.55 3.27 3.37** 1.04
Control group 21 82.64 4.18

**p < .01.
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According to the interview data, teachers in the experimental group thought that the best part of
learning with the knowledge map was that it provided a “clearer and more systematic knowledge
structure,” “flexible learning plan,” made it “easier to engage in learning,” and made for a “more
relaxed learning experience.”

Three of the interviewees claimed that the knowledge map tool helped them understand the
knowledge structures and purposes of learning, which made them feel more relaxed when learn-
ing. Unlike their past experience, they were supported by the knowledge map tool. It helped
them arrange the learning plan, choose the next learning point, and transfer the contents of
learning to their instructional practices. They all expressed a preference for this learning
approach.

With regard to a “flexible learning plan” and the “ease of engagement in learning,” a few inter-
viewees said that they had first reviewed the entire knowledge map, chosen the learning points
based on their preferences, and had then considered the logical relationships presented by the
map. During the learning process, they had preferred to review the learning points and compare
them from time to time, which helped them reflect on the contents.

With regard to the advantages of using the knowledge map tool, the teachers/interviewees
claimed that it helped them fully understand the learning system and knowledge structure. It
helped them remember the positions, relationships, and meanings of the learning points.
When they thought of a learning point, they said, they would think of relevant points at the
same time. Moreover, they claimed that the knowledge map tool helped them master the knowl-
edge in a more structured manner that rendered it persistent in memory: They remembered
clearly the knowledge map two weeks after the experiment, and expressed belief that this
might not have been possible if they had been learning without a clear and well-structured
knowledge map.

Discussion and conclusions

Previous research has expressed that micro-learning in conjunction with other approaches may
have the potential to improve learning outcomes (Stohr et al., 2019). The study integrated the
knowledge map as a navigation and recording tool into the micro-learning processes to allow
learners to have the ability to master the knowledge structure and learning contents. The
result showed that knowledge map-based online micro-learning not only significantly enhance
learning engagement and learning performance, but also facilitates learners to form well-struc-
tured knowledge.

Table 9. Coding framework and counting statistics of interviews.

Code level 1 Code level 2 Count

Attitude and experience of knowledge map Positive attitude 3
Negative attitude 0

Perception of the learning effect Learning depth 1
Promote reflection 1
Knowledge internalization 2
Knowledge structure 3
Effect persistence 2

Feelings on learning process Convenience 3
Flexibility 3

Table 10. The basic information of the interviewees.

Number Gender Educational background Teaching age Age

1 Female Bachelor 4 28
2 Female Master 10 32
3 Male Master 2 24
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Learning engagement

The results of this study indicate that the experimental group outperformed the control group in
terms of learning engagement (Table 6), helped them learn better and perform better in the assess-
ment, which is consistent with the view of Cheng and Chu (2018). The knowledge map tool had a
positive effect on the online micro-learning of in-service teachers, in particular because the clear
and systematic knowledge structure of the knowledge map tool helped them understand the learn-
ing system and learning objectives. The participants also indicated feeling relaxed about learning.
The recording functions of the knowledge map allowed them to visualize the different learning pro-
cesses of each knowledge point, which helped them formulate the learning order and avoid con-
fusion when exploring the logic of the knowledge points. According to the interviews and
quantitative data from the experiment, the participants in the experimental group appeared more
relaxed and engaged in the learning process than those in the control group. This result supports
research hypothesis 1, and is consistent with findings by Shaw (2010).

Knowledge structure

The findings show that the experimental group outperformed the control group in terms of knowl-
edge structure, and there were significant differences between them. The experimental group did
better on the three main aspects of the conceptual map: the quantity and quality of the concepts,
hierarchical structure, and the correctness of the conjunction links. Compared with the control
group, the experimental group was able to master the core knowledge concepts and relationships
much better with the help of the knowledge map tool. Based on the analysis of the qualitative data,
the knowledge map tool can help teachers build a more integral and stable knowledge structure and
links between knowledge points. The tool prevented the teachers from getting stuck on a single
point. The research of Lv et al. (2016) confirmed that the knowledge map could organize scattered
knowledge artifacts and presents them visually in meaningful categorizations. The interviewees also
indicate that the knowledge map tool helped them store and recall the structures of knowledge. This
result supports research hypothesis 2. Meanwhile, the previous studiy have confirmed micro-learn-
ing provides abundant online resources to promote instant learning according to individual needs
(Nikou & Economides, 2018; Souza & Amaral, 2014). According to the results of the interview, knowl-
edge map-based online micro-learning has maintained the advantage of micro-learning, which is a
flexible learning model that reflects the learners’ personal needs.

Learning performance

Based on the quantitative and qualitative data in this study, the knowledge map can be viewed as a
useful tool to enhance teachers’ learning performance. For instance, the evaluation of the instruc-
tional design schemes showed that the average score of the experimental group was higher than
that of the control group. According to the results of the interviews, the knowledge map clearly pre-
sented logical relationships between knowledge points and linked the corresponding learning
resources, which was conducive to reflection and purposeful reviews by the teachers learning.
Because personal knowledge forms the basis of subsequent knowledge construction (Novak,
1990), the knowledge map can promote their reflection and internalization to some extent.
Recent researches have indicated that knowledge maps make it easy for learners to digest
complex knowledge content in a short time (Hwang et al., 2018), which may explain the above
results. However, based on anecdotal reasoning, other factors may affect the quality of the knowl-
edge construction and creation. Previous studies have indicated that such results may derive from
other factors, such as the participants’ prior teaching knowledge, their knowledge transference
ability, or different learning styles that may be predominantly visual or verbal learning preferences
(Sung & Hwang, 2013).
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Limitation and future

In the course of our research, based on the researchers’ observations, we found that teachers with
more than two years of teaching experience exhibited clear advantages in the test results of the
teaching instructional scheme than teachers whose teaching experience was shorter than two
years. The reason for this threshold of experience, and the influence of the number of years of teach-
ing on a teacher’s knowledge construction and creation, is a direction of our future research on the
subject. Due to limitations relating to the sample size and scope of research, we interviewed only
three Mandarin teachers from the experimental group. Future studies can also further expand the
sample size. In addition, it is worth further exploring the reflections of teachers from the control
group to gain a more precise comparison of approaches to learning, and further clarifying how
knowledge maps affect online learning. Although the many advantages of knowledge maps as
teaching aids can be recognized, the specifics and details of the factors affecting learning should
be examined in future research.
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