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Keywords Abstract
STEM, In recent years, the growing incidence of blended and online learning has
instructional highlighted instructional design concerns, especially STEM instructional design.
design, Existing studies have often adopted observations, questionnaires, or interviews to
assessment evaluate STEM instructional design plans. However, there is still a lack of
method, quantitative, measurable, and objective assessment methods. To close this

information flow | research gap, this study proposes an innovative method for assessing STEM
instructional design plans based on information flows. In this study, 20 STEM
instructional design plans were designed, analysed, and assessed using the
proposed information flow-based assessment method. The results indicated that
the proposed method is feasible and effective for assessing STEM instructional
design plans. STEM instructional design plans could be significantly improved
based on the proposed method. The results and implications for instructors and
practitioners are discussed in depth.

Introduction
Recently, the growing interest in STEM (science, technology, engineering, and mathematics) has
highlighted the importance of STEM instructional design. However, the quality of STEM
education varies greatly in current STEM practices. This makes it challenging to fully embody
STEM philosophy (Sanchez Carracedo et al., 2018). In previous studies, it has been found that
STEM instructional design plan quality directly influenced the effectiveness of teaching and
learning performance (Pellas et al., 2020). STEM instructional design plans are planning
schemes created by teachers based on instructional objectives, content, and learners’
characteristics. Well-designed STEM instruction design plans are essential for improving STEM
quality and developing STEM curriculum frameworks (Aldemir & Kermani, 2017). However,
most studies used qualitative methods such as observations, questionnaires, or interviews to
assess STEM instructional design plans (Aydin Gunbatar et al., 2022; Han et al., 2015).

Current research on the assessment of STEM instructional design is still in the
exploratory stage, with limited related studies. Furthermore, researchers have revealed that
quantitative assessment methods allow for precise observation, measurement, and achieve
generalised findings based on representative samples (Denscombe, 2010; Schilderman, 2011).
However, there is a lack of quantitative assessment methods for STEM instructional design
plans.
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The information flow is defined as information output by teachers, students, and
instructional media in an instructional design system (Yang, 2007). The information flow
approach considers an instructional system as an information system and focuses on information
flows within the instructional system, which facilitate the objective analysis and assessment of
instructional processes and outcomes (Yang & Zhang, 2009). Since STEM instruction design is
considered as an instruction system, it is appropriate to adopt the information flow approach to
assess STEM instructional design quality. However, very few studies have employed the
information flow approach to assess STEM instructional design plans. To address these research
gaps, this study aims to propose and validate an innovative and quantitative method to assess
STEM instructional design plans based on information flows.

Research Questions
The research questions were as follows:

1. How should STEM instructional design plans be assessed based on the information
flow approach?

2. What are the assessment results for STEM instructional design plans conducted in
two rounds?

3. Are there any significant differences in STEM instructional design plans between the
first round and the second round?

Literature Review

STEM Instruction Design

Instructional design focuses on the analysis of the problems, design, development, and
evaluation of instructional processes to improve learning (Reiser, 2001). As a design-oriented
theory, an instructional design theory should provide explicit guidance on how to help people
learn and develop learning goals, learning content, instructional methods, situations, and
expected outcomes (Reigeluth, 2013). STEM instructional design plans represent teachers’ ideas
for implementing STEM instruction activities. Wilson (2018) found that high-quality STEM
instructional design plans include deep content knowledge, strong connections among different
areas, specific assessment criteria, and collaborations among teachers and students.

The Assessment Methods of STEM Instructional Plans

Previous studies mainly adopted qualitative methods to assess STEM instructional design plans
(Aykan & Yildirim, 2021; Han et al., 2015). Typically, the qualitative assessment method has
been the primary approach to assessing STEM instructional design plans. This approach mainly
relies on specific rubrics or criteria to assess the quality of instructional design plans. For
example, Aykan and Yildirim (2021) qualitatively analysed STEM instructional design plans
using developed assessment criteria that included professional skills, STEM multidisciplinary
integration, 2 Ist-century skills, and attitudes and values. Han et al. (2015) used a STEM lesson
plan evaluation, five-point scale, observation, and interviews to assess STEM instructional
design plans.

Instructional design plans play a crucial role in enhancing the effectiveness of STEM
instruction. Existing studies have adopted various assessment criteria, questionnaires,
observation descriptions, or interview protocols to assess STEM instructional design plans
(Aykan & Yildirim, 2021; Han et al., 2015). However, these assessment methods are relatively
vague and prone to subjectivity (Mohajan, 2018). There is a lack of quantitative methods for
assessing STEM instructional design plans. To close this research gap, this study aimed to
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propose an innovative method based on information flows to assess STEM instructional design
plans. The following section illustrates the theoretical framework.

The Theoretical Underpinning

The main theoretical framework of this study was built upon the idea that an instructional system
is considered a complex information system. An instructional system is an information system in
which the information output by teachers, students, and instructional media flow and interact
with each other (Yang, 2007). To better understand complex educational phenomena and their
effects, it is necessary to pay attention to information flows within a system and its overall
characteristics, as well as the relationships between information flows and the functionalities of
the system (Yang & Zhang, 2009). Instructional design plans can represent the static attributes of
an instruction system. Therefore, it is appropriate to adopt the information flow approach to
analyse the quality of instructional design plans. This study aimed to examine a method of
assessing STEM instructional design plans based on the information flow approach.

Methods

Research Methodology
This study has adopted the information flow-based analysis method proposed by Yang (2007).
The research object of this study was the information flows of STEM instructional design plans.
This study focused on analysing the information flows of STEM instructional design plans in
two rounds. In the first round, pre-service teachers designed 10 STEM instructional design plans.
Then they revised these plans based on the assessment results of the first round to form 10
optimised STEM instructional design plans for the second round. The purpose of designing
STEM instructional design plans in two rounds was to examine the effectiveness of the proposed
assessment method. Since the pre-service teachers revised the STEM design plans and found
significant changes using the assessment method, this meant that our assessment method was
able to effectively respond to changes in the quality of the STEM instructional design plans.

The research procedure consisted of five steps. First, pre-service teachers who had taken
an instructional design course were invited to design STEM instructional design plans. The
instructional design course is a compulsory course pre-service teachers need to graduate from
university. The course covers the knowledge and skills needed for instructional design. The pre-
service teachers get credit if they pass the examination. Second, assessment methods for STEM
instructional design plans were developed. Third, STEM instructional design plans were
analysed and assessed by two experienced researchers in STEM education based on the
developed method. Fourth, the researchers and pre-service teachers conducted a face-to-face
discussion about the points raised in the analysis and assessment. Then the STEM instructional
design plans were optimised based on the assessment results of the first round to form STEM
instructional design plans for the second round. Fifth, the statistical analysis method was used to
examine the differences in instructional design plans between the first and second rounds.

Sampling Method

This study adopted the convenient sampling method to select participants. The present study
invited two pre-service teachers, who had rich experience in instructional design and STEM, to
design 20 STEM instructional design plans of two rounds each. They designed STEM
instructional design plans based on textbooks, reference books about STEM, and instructional
materials for STEM. It should be noted that the research object of this study was the information
flows of STEM instructional design plans rather than those of pre-service teachers, since this
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study adopted the information flow approach to analyse and assess the STEM instructional
design plans.

Data Collection and Analysis

This study collected 20 STEM instructional design plans as the data source. The method of
analysing and assessing STEM instructional design plans involved three steps: portraying a
knowledge graph based on instructional objectives, coding the information flows of the
instructional plan, and developing and calculating assessment indicators of STEM instructional
design plans. Taking “designing a Mars base” as an example, the three steps are described below.

The First Step: Portraying a Knowledge Graph Based on Instructional Objectives
The knowledge graph consisted of the target knowledge and relationships; it is also called the
target knowledge graph. Figure 1 shows the target knowledge graph for designing a Mars base.
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Figure 1: The target knowledge graph for designing a Mars base

The Second Step: Coding the Information Flows of Instructional Design Plans

The second step was to segment and code the information flows of STEM instructional design
plans. The information was represented as follows: <IPX><cognitive level><information
type><representation format><knowledge subgraph>. IPX denotes the information processing
by X. X represents teachers (T) or learners (L). IPT denotes the information processing of
teachers, and IPL denotes the information processing of learners. Cognitive levels include
memory, comprehension, and application. Information types include knowledge semantics,



Journal of Learning for Development 11(3), 2024 418

context information, and management instructions. Representation formats include texts,
pictures, video, audio, and animation. The knowledge subgraph denotes the graph matched to the
information of STEM instructional design plans. The knowledge subgraphs can represent the
main characteristics of STEM. These five sections refer to the characteristics of STEM to
represent how the information flows of STEM instructional design plans were processed. Table 1

shows the first section, the segmentation of information flows.

Table 1: Segmentation of Information Flows
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The Third Step: Developing and Calculating Assessment Indicators of STEM Instructional
Design Plans
In this study, the authors developed six indicators and adapted two other indicators to assess
STEM instructional design plans, including alignment between the instructional objectives and
task design (Zheng et al., 2021), diversity of instructional media (Zheng et al., 2021),



Journal of Learning for Development 11(3), 2024 419

adaptability of instructional objectives (Zheng et al., 2021), adaptability of tasks (Zheng et al.,
2021), completeness of information types (Yang & Zhang, 2015), activation quantity of the
knowledge graph (Zheng, 2017), the contribution degree of learners (He et al., 2020), and the
integration degree of STEM. These eight indicators are necessary for assessing STEM
instruction design plans since they are crucial elements of instruction design.

Using “designing a Mars base” as an example, the following section illustrates the eight
indicators one by one. The alignment between instructional objectives and task design (GC)
represents the extent to which instructional objectives and task design were consistent with each
other. In this study, the algorithm proposed by Zheng et al. (2021) was adopted to calculate the
alignment between instructional objectives and task design, as shown in Formula (1). Each
instructional objective had at least one task associated with it. For example, one of the
instructional objectives was to understand the composition of a Mars base. Then a designed task
was to design and construct a Mars base with group members. In this study, the proposed
algorithm was examined in the STEM learning domain. In Formula (1), n(K) and n(K>) denote
the number of nodes in the target knowledge graph and the knowledge graph activated by tasks,
respectively, and m(K) and m(K>) denote the number of edges of the target knowledge graph
and the knowledge graph activated by tasks, respectively. The edges of the knowledge graph
represent the relationships among knowledge. If an information flow in the STEM instructional
design plan triggered a node in the target knowledge graph, then the knowledge was activated.
Taking the STEM instructional design plan of “designing a Mars base” as an example, the
number of nodes in the target knowledge graph was 63, namely, n(K;) = 63. The number of
nodes in the knowledge graph activated by tasks was 62, namely, n(Kz) = 62. The number of
common nodes between the two knowledge graphs was n(K;MNK3>) = 62. The number of edges in
the target knowledge graph that connected at least one edge with the intersection of the two
graphs was 62, namely, m(K;) = 62. The number of edges in the knowledge graph activated by
tasks was 61, namely, m(K>) = 61. The number of common edges between the two graphs was
61, namely, m(K;NK>) = 61. Therefore, the alignment between instructional objectives and task
design was 0.99.

GC=[ (1)

Zn(Kanz) Zm(Kanz) ] /
n(K1)+n(Kz) m(K1)+m(K2)

The diversity of instructional media (DM) indicates the degree of media diversity in the
STEM instructional design plan. According to the properties of information entropy, the more
the types of information sources, the greater the information entropy (Shannon et al., 1948). This
indicator can inform instructional designers on how to elaborately design various kinds of
instructional media to improve information entropy and learning performance. In this study, the
algorithm proposed by Zheng et al. (2021) was adopted to calculate the diversity of instructional
media in STEM learning domains, as shown in Formula (2). In Formula (2), D represents media
diversity, and M; denotes the proportion of different media in the STEM instructional design
plan. The proportion is equal to the ratio of the media type representing each information to all
media types representing all information. Taking the STEM instructional design plan of
“designing a Mars base” as an example, the proportion of pictures was 0.13, namely, M1 = 0.13;
the proportion of text was 0.78, namely, M> = 0.78; the proportion of physical objects was 0.04,
namely, M3 = 0.04; and the proportion of video was 0.04, namely, M4 = 0.04. Thus, the diversity
of instructional media was 0.72.

DM = -3~ M;InM;  (2)
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The adaptability of instructional plans aimed to assess whether the level of instructional
objectives and tasks could match different levels of learners. The adaptability of instructional
plans includes the adaptability of instructional objectives (GA) and the adaptability of tasks
(TA). The adaptability of instructional objectives assesses whether STEM instructional
objectives can be adapted for different levels of learners. It can be calculated via Formula (3)
(Zheng et al., 2021). In Formula (3), Ni represents the number of instructional objectives in each
level and N denotes the total number of instructional objectives. In addition, the adaptability of
tasks assesses whether STEM tasks can be adapted for different levels of learners. The task
adaptability was classified into low adaptability, medium adaptability, and high adaptability.
This classification was also adopted by a previous study (Suzan et al., 2021). The task
adaptability can be computed via Formula (4) (Zheng et al., 2021). In Formula (4), T; represents
the number of tasks in each level, and T denotes the total number of tasks. Taking the STEM
instructional design plan of “designing a Mars base” as an example, there are three adaptability
levels of instructional objectives and task adaptability, namely, low, medium, and high. The low
adaptability represents that instructional objectives and tasks can match the low level of learners.
The medium adaptability represents that instructional objectives and tasks can match the medium
level of learners. The high adaptability represents that instructional objectives and tasks can
match the high level of learners. The number of instructional objectives at the low adaptability
level was two, namely, N1 = 2. The number of instructional objectives at the medium adaptability
level was two, namely, N> = 2. The number of instructional objectives at the high adaptability
level was two, namely, N3 = 2. The total number of instructional objectives was 6, namely, N =
6. Therefore, GA = 0.67. In terms of the adaptability of tasks, the number of tasks at the low
adaptability level was four, namely, T1= 4. The number of tasks at the medium adaptability level
was three, namely, T> = 3. The number of tasks at the high adaptability level was 2, namely, Tz =
2. The total number of tasks was nine, namely, T = 9. Thus, the adaptability of tasks was TA =
0.64.

GA=1-3L,G)*  (3)
TA=1-31,(ZH? 4

The completeness of information types (IT) represents the extensiveness of the
information in STEM instructional design plans. This indicator aims to inform instructional
designers how to design multiple information types to deliver rich information. The
completeness of information types can be computed using Formula (5) (Yang & Zhang, 2015).
In Formula (5), R; denotes the proportion of different information types in the STEM
instructional design plan. Taking the STEM instructional design plan of “designing a Mars base”
as an example, the information types include knowledge semantics and management instructions.
Knowledge semantics refers to the information about knowledge and its relationships. For
example, “there are eight planets in the solar system”, which is classified as knowledge
semantics. Management instructions denote the information about instruction management. For
example, “Be quiet. Now it is time to present group products.” This is classified as management
instruction. The proportion of knowledge semantics was 0.66, namely, Ri= 0.66. The proportion
of management instructions was 0.24, namely, R> = 0.24. The proportion of context information
was 0.03, namely, R3 = 0.03. The proportion of information about learning objectives was 0.01,
namely, R4= 0.01. Therefore, the completeness of information types was 0.94.
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IT=-%L RilnR; (5)

The activation quantity (AQ) of the knowledge graph represents the activation level of all
knowledge activated by all information in the STEM instructional design plan. For example, if
the semantics of information in the STEM instructional design plan matches the knowledge and
relationships in the target knowledge graph, then it will activate the knowledge and relationships.
This can be achieved through coding each information flow in instructional design plans. It can
be computed by Formula (6) (Zheng, 2017). In Formula (6), A; denotes the activation quantity of
each piece of knowledge. N denotes the number of nodes in the knowledge graph. Taking the
STEM instructional design plan of “designing a Mars base” as an example, the activation
quantity of the knowledge graph was 319.01, which is equal to the sum of the activation quantity
of each node. Figure 2 shows the knowledge graph and the number besides each node denotes
the activation quantity.

AQ=ZXiL1A; (0)

The contribution degree of learners (CD) refers to the ratio of the activation quantity of
learners to the total activation quantity. The contribution degree represents the extent to which
learners participate in instruction. It can be calculated by Formula (7), in which A denotes the
activation quantity of one target knowledge item that is activated by learners, LA denotes the
total activation quantity, and N denotes the number of nodes in the target knowledge graph.
Taking the STEM instructional design plan of “designing a Mars base” as an example, Y1 A =
121.22, ¥¥ LA =319.01, and CD = 0.38.

N a
CD =5t (1)

The integration degree of STEM (ID) represents the extent to which the STEM
instructional design plan integrates science, technology, engineering, and mathematics. This
indicator aims to measure to what extent a STEM instructional design plan can integrate the
learning domains of science, technology, engineering, and mathematics. It is equal to the ratio of
the number of tasks containing science, technology, engineering, and mathematics to the number
of all tasks. For example, designing and constructing a Mars base with your group members is
one of the tasks containing all four STEM areas. In this task, learners need to apply knowledge
about science to understand the characteristics of the eight planets, apply technical knowledge to
know about the latest detection techniques, apply engineering knowledge to construct a Mars
base, and apply mathematics knowledge to compute and make models. Furthermore, Daher
(2020) revealed that high quality STEM education should include activities containing science,
technology, engineering, and mathematics. This can be computed using Formula (8), in which Q;
denotes the number of tasks that cover the four dimensions of science, technology, engineering,
and mathematics in the STEM instructional design plan. Q denotes the total number of tasks in
the STEM instructional design plan. Taking the STEM instructional design plan of “designing a
Mars base” as an example: Q; =2, Q =9, ID =0.22.

_ %
w_Q (8)
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Two research assistants analysed 20 STEM instructional design plans for two rounds. The
interrater reliability calculated using the Kappa value was 0.817, implying high consistency. In
addition, the examination of the validity was conducted by designing STEM instructional design
plans for the second round. This is similar to using the retest method to examine the content
validity of a test. The STEM instructional design plans from the second round can be optimised
further based on the assessment results of the first round. It is supposed that the STEM
instructional design plans of the second round were better than those of the first round. Thus, the
proposed assessment method will be reliable and valid if it can be used to identify the differences
and improvements between the first and second rounds.

Ethical Clearance

All procedures in the present study involving human participants were based on the ethical
standards of the institutional research committee. The authors declare that they had no funding
for this study. The entire study was done on a voluntary basis. No conflict of interest was
declared by the authors. Signed consent forms were obtained from all participants.
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Results

Assessment Results of STEM Instructional Design Plans of the First Round

The proposed assessment method was adopted to evaluate the 20 STEM instructional design
plans of the two rounds. Table 2 shows the assessment results of 10 STEM instructional design
plans from the first round. The findings revealed that the average values of eight assessment
indicators were low and could be improved.

Table 2: Assessment Results of 10 STEM Instructional Designs for the First Round

No. STEM GC DM GA TA IT AQ CD ID

Instructional

Design Plans
1 Paper airplane 0.75 0.64 0.64  0.63 0.84 174.49 0.32 0.18
2 Stone thrower 0.95 0.87 0.67 0.62 0.96 118.57 0.28 0.10
3 Mars base 0.84 0.65 0.61 0.59 0.47 206.28 0.30 0.11
4 Tower 0.88 0.64 0.56 0.61 0.77 115.89 0.41 0.17
5 Model lung 0.87 0.82 0.57 0.57 0.78 145.89 0.27 0.17
6 Classifiers 0.77 0.74 0.64 0.61 0.73 88.21 0.14  0.17
7 Water purifier 0.76 0.67 0.67 0.61 0.87 99.24 0.30 0.13
8 Bridges 0.94 0.67 0.61 0.59 0.88 122.35 0.15 0.11
9 Paper circuit 0.93 0.89 0.59 0.59 0.70 106.69 0.17 0.13
10 Model car 0.93 0.27 0.50 0.56 0.88 121.97 0.51 0.20

Assessment Results of STEM Instructional Design Plans of Two Rounds

After analysis of the 10 STEM instructional design plans from the first round, the weaknesses of
the STEM instructional design plans were clearly identified. The major problems were that the
eight assessment indicators were low and needed to be refined accordingly. All STEM
instructional design plans were optimised further to form the new instructional design plans for
the second round. The same assessment method was used to analyse and evaluate all
instructional design plans of the second round. The eight assessment indicators were calculated
again. Table 3 shows the assessment results of 10 STEM instructional design plans from the
second round. The findings revealed that the average values of the eight assessment indicators of
the second round improved compared with the first round.

Table 3: Assessment Results of 10 STEM Instructional Designs for the Second Round

No. STEM Instructional GC DM GA TA IT AQ CD 1ID
Design Plans

1 Paper airplane 0.95 0.64 062 0.66 090 236.18 034 0.25
2 Stone thrower 0.99 0.78 0.64 0.65 093 201.82 035 0.29
3 Mars base 0.99 0.72 0.67 0.64 094 308.01 038 0.22
4 Tower 0.98 0.73 0.61 0.61 094 20338 031 0.33
5 Model lung 0.99 0.71 0.67 0.61 0.89 236.11 037 0.33
6 Classifiers 0.97 0.62 0.67 0.65 0.95 175.86 036 0.33
7 Water purifier 0.79 0.64 0.67 0.61 0.97 14170 036 0.33
8 Bridges 0.97 0.56 0.67 0.65 0.82 204.63 0.27 0.29
9 Paper circuit 0.98 0.97 0.62 0.63 0.84 21556 0.23 0.18
10 Model car 0.93 0.56 0.67 0.64 0.96 117.02  0.50 0.25
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The Differences in STEM Instructional Design Plans Between the First and the Second Round
To examine the differences in the STEM instructional design plan between the first and the
second round, an interdependent t test was used to analyse the data. Table 4 shows the results. In
terms of the alignment between instructional objectives and task design, there was a significant
difference between the first and second rounds (¢ = 3.977, p = 0.003). In addition, there were
significant differences in the adaptability of instructional objectives (¢ =2.407, p = 0.039), the
adaptability of tasks ( =4.772, p = 0.001), the completeness of information types (¢ = 2.702, p =
0.024), the activation quantity of the knowledge graph (¢ = 6.975, p < 0.001), the contribution
degree of learners (¢ = 2.337, p = 0.044), and the integration degree of STEM (¢ = 7.235, p <
0.001) between the first and second rounds. However, there were still no significant differences
in the diversity of instructional media (¢ = 0.171, p = 0.868) between the first and second rounds.
Overall, the proposed assessment method can be used to identify the differences and
improvements between the first and second rounds. Therefore, the assessment method of STEM
instructional design plans based on the information flows approach was feasible and useful for
instructional designers.

Table 4: The Differences between the First and the Second Round

Assessment Indicators Rounds Mean SD t p

The alignment between instructional The first round 0.86 0.07 3.977 0.003

objectives and task design (GC) The second round  0.95 0.06

Diversity of instructional media (DM) The first round 0.68 0.17 0.171  0.868
The second round  0.69 0.12

The adaptability of instructional objectives ~ The first round 0.61 0.05 2.407 0.039

(GA) The second round  0.65 0.03

The adaptability of tasks (TA) The first round 0.60 0.02 4772  0.001
The second round  0.64 0.02

The completeness of information types (IT)  The first round 0.79 0.14 2.702  0.024
The second round  0.91 0.05

The activation quantity of the knowledge The first round 12996  36.11 6.975 0.000

graph (AQ) The second round  204.03  53.00

The contribution degree of learners (CD) The first round 0.29 0.12 2.337 0.044
The second round  0.34 0.07

The integration degree of STEM (ID) The first round 0.15 0.03 7.235  0.000

The second round  0.28 0.06

Discussion and Conclusions
Discussion of Main Findings
The present study found that, in the second round, the alignment between instructional objectives
and task design, adaptability of instructional objectives, adaptability of tasks, completeness of
information types, activation quantity of the knowledge graph, contribution degree of learners,
and integration degree of STEM were significantly higher than in the first round. Therefore, the
overall quality of STEM instructional design plans in the second round was significantly better
than that in the first round.

Reflection on and optimisation of instruction design is important to help teachers improve
their professional competence and the quality of their teaching (Ozdemir, 2020). To identify the
issues of STEM instructional design plans and enhance the quality of STEM instructional design,
in-depth reflection on the first-round STEM instructional design plans across different indicators
was carried out.
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First, regarding the alignment between instructional objectives and task design, it was
found that the alignment of the three STEM instructional design plans of the first round was very
low. The main reason was that the task design did not match the instructional objectives. The
designed tasks of the first round were also very simple and could not achieve the expected
instructional objectives. After revision, the alignment between instructional objectives and task
design improved in the STEM instructional design plans of the second round.

Second, multiple kinds of instructional media had been adopted for most STEM
instructional design plans in the first round. Therefore, the diversity of instructional media in the
second round did not improve substantially, and the difference in the diversity of instructional
media was not significant after optimisation.

Third, with respect to the adaptability of instructional objectives, the results revealed that
some STEM instructional design plans of the first round only designed instructional objectives at
one difficulty level. This was not appropriate and would not be adapted for all learners. After
revision, the adaptability of instructional objectives improved in the STEM instructional design
plans of the second round.

Fourth, in terms of task adaptability, the findings indicated that several STEM
instructional design plans in the first round designed tasks only at one level. This was not
appropriate and would not be adaptive for all learners. Therefore, learning tasks with different
adaptability levels were added in the second-round design plans to adapt to different levels of
learners. Thus, the task adaptability was improved in the STEM instructional design plans of the
second round.

Fifth, in terms of the completeness of information types, it was found that some STEM
instructional design plans in the first round designed only one type of information. Thus,
multiple information types were increased in the second round of design plans to engage learners
in STEM activity. Hence, the completeness of information types improved in the STEM
instructional design plans of the second round.

Sixth, concerning the quantity of activation of the knowledge graph, some STEM
instructional design plans in the first round activated only part of the target knowledge. The
instructional plan of the first round was not well designed and was very simple. After
optimisation, the quantity of activation of the knowledge graph improved in the STEM
instructional design plans of the second round.

Seventh, regarding the contribution degree of learners, it was found that there was a lack
of interactions and participation in some STEM instructional design plans in the first round.
Sometimes, instructional designers expected students to answer a question, but none of them
were able to do so. Accordingly, the second round of instructional design plans increased
students’ interactions with peers and teachers to improve the contribution degree of learners. For
example, students answered teachers’ questions and discussed them with peers. Therefore, the
contribution degree of learners increased in the STEM instructional design plans of the second
round. As Yang et al. (2023) revealed, the learners’ contribution degree was related to the
instructional quality.

Finally, regarding the degree of integration of STEM, the average integration degree of
all STEM instructional design plans in the first round was very low. The main reason was that
many tasks were not comprehensive and focused on only one discipline. After revision, the
degree of integration of STEM improved in the instructional design plans of the second round.
As Aydin Gunbatar et al. (2022) indicated, the integration degree of STEM was related to the
quality of STEM instructional design plans.
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Implications

The present study has implications for instructors, practitioners, and researchers. This study
proposed an innovative method to quantitatively assess STEM instructional design plans. This
quantitative method involved analysing information flows, calculating eight assessment
indicators, and could be adopted to assess the quality of STEM instructional design plans.
Furthermore, this study revealed that STEM instructional design plans could be optimised
iteratively. Each STEM instructional design plan could be continually refined based on the eight
indicators. As Kim (2021) indicated, instructional design plans can be better when they are
modified and refined iteratively.

In addition, the information flow approach was useful and powerful for analysing and
assessing STEM instructional design plans. The information flow approach focuses on
information flows of instruction systems (Yang & Zhang, 2009). The target knowledge graph is
the main reference when analysing instructional design plans. The proposed method maps
information flows of STEM instructional design plans onto the target knowledge graph, which
can reduce subjectivity to a large extent. Hence, it is suggested that the information flow
approach could be used when assessing STEM instructional design plans.

It is recommended that teachers use this method to evaluate their STEM instructional
design plans. Three steps are involved when one is using the proposed assessment method. The
first step is to draw a target knowledge graph. The second step is to segment and code the
information flows of STEM instructional design plans using the developed tool. The third step is
to calculate eight indicators and reflect the deficiency of instructional design plans. The
instructional design plans were targeted for improving teaching and learning to achieve the best
results. Therefore, teachers could revise and optimise their instructional design plans further to
form optimal plans for implementation.

Limitations

This study has several limitations. First, there was only a small number of STEM instructional
design plans. In total, 20 STEM instructional design plans were designed and analysed. Further
research should expand the number of STEM instructional design plans to validate the
assessment method. Second, the analysis of STEM instructional design plans was time-
consuming. To design instructional plans more effectively and efficiently, further studies should
develop a tool to automatically analyse STEM instructional design plans and calculate
assessment indicators. Third, only pre-service teachers were invited to participate in this study.
Further studies should invite experienced teachers to design instructional design plans. In
addition, the effectiveness of the proposed method for learners should be examined further.

Conclusions
The main objective of the present study was to propose an innovative method to assess STEM
instructional design plans based on information flows. The innovation of the proposed
assessment method lies in two aspects. First, the instruction system was considered as a complex
information system. The information flows within the instruction system were regarded as the
research object. In the proposed assessment method, an instructional design plan was considered
a complex information system. Second, the proposed assessment method analysed STEM
instructional design plans through the information flows approach, which focused on information
flows of STEM instructional design plans. This was rarely done in previous studies. The
information flows approach was relatively objective since the target knowledge graph was
regarded as the reference of coding and segmenting information flows of the instruction design
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plans. The target knowledge graph was drawn based on the instructional objectives. Usually,
instructional objectives were identical for the same course. Therefore, different teachers could
draw the same target knowledge graph.

This assessment method was validated by analysing 20 STEM instructional design plans.
The results indicated that the assessment method was feasible and effective for assessing STEM
instructional design plans. In addition, STEM instructional design plans could be continually
optimised by evaluating the eight assessment indicators. This study provided insight into how to
design and optimise STEM instructional design plans. The current study also elucidated ways to
improve STEM instruction design plan quality using the proposed assessment method.
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