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Abstract 
Evaluation is an indispensable part of the inquiry-based learning. However, 
current research on the evaluation of inquiry-based learning still faces three 
problems: firstly, the evaluation system of inquiry-based learning is not clear 
enough; secondly, existing evaluation methods for inquiry-based learning of-
ten follow general learning evaluation standards, which do not reflect the true 
characteristics of inquiry-based learning, thus ignoring its specificity; and 
thirdly, evaluation of inquiry-based learning is prone to subjective influence 
from evaluators, and there is a lack of research on objective evaluation indi-
cators. Scientific inquiry-based learning requires the establishment of an evalu-
ation concept that can motivate and promote the coordinated development of 
students’ knowledge and skills, processes and methods, emotional attitudes 
and values. This paper summarizes past research on evaluators, evaluation me-
thods, and evaluation standards in inquiry-based learning, and proposes three 
strategies for future evaluation of inquiry-based learning. 
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1. Introduction 

The concept of inquiry-based learning originated from Dewey’s educational phi-
losophy, emphasizing that scientific education should not just be about memo-
rizing facts, but should also teach students how to think and act scientifically 
(Council, 2000). Inquiry-based learning is also known as “inquiry learning”, 
“exploratory learning”, “problem-based learning” and “discovery learning”. De-
spite the diverse terminology, researchers (Jenkins, Healey, & Zetter, 2008; Kahn 
& O’Rourke, 2004; Weaver, 1989) generally agree on the core features of in-
quiry-based learning, namely: 1) Learning is inspired by inquiry, that is, driven 
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by questions or problems; 2) Learning is based on the process of constructing 
knowledge and generating new ideas; 3) It is an “active” learning method that 
includes learning through practice; 4) It is a student-centered teaching method, 
with teachers taking on the role of facilitators; 5) Students take increasing re-
sponsibility for their own learning. 

For the past 50 years, inquiry-based learning has been recognized as an effec-
tive and popular method for providing scientific education, and in the last 20 
years, it has gained widespread recognition in the educational community 
(McConney et al., 2014; Minner et al., 2010; Shymansky et al., 1990). Research 
shows that inquiry-based learning, based on the combination of scientific processes, 
knowledge, and reasoning, can enhance students’ motivation to learn science 
(Crawford, 2014), deepen their understanding of concepts (Gott & Duggan, 
2002), particularly in developing their self-reflection abilities, independent in-
quiry skills, critical thinking, and understanding of scientific concepts (Leder-
man et al., 2013; Lee, 2004; Saunders-Stewart et al., 2012), promote collaboration 
among students (Hofstein & Lunetta, 2004), enable students to use problem-solving 
research skills to create meaningful knowledge, thereby promoting deep learning 
(Buckner & Kim, 2014; Ellis & Bliuc, 2016), and has other unique advantages. 
Inquiry-based learning is usually conducted in groups, and during the learning 
process, students use evidence, logic, and imagination to understand the world 
around them (Newman Jr. et al., 2004). 

Despite the repeated emphasis on the importance of inquiry-based learning in 
recent years, the quality of inquiry-based learning is a cause for concern (McCon-
ney, Oliver, Woods-McConney, Schibeci, & Maor, 2014). On the one hand, con-
sidering time constraints, crowded curricula, and learners’ lack of experience 
with inquiry-based learning, introducing inquiry-based learning in basic science 
classes will pose a dilemma for teachers who lack sufficient experience with in-
quiry-based learning. Many teachers often fail to propose and guide students to 
explore thought-provoking inquiry questions and prefer to engage in Initia-
tion-Response-Feedback (IRF) interactions, in which students only provide low-level 
thinking responses to teacher questions (Herbel-Eisenmann & Breyfogle, 2005). 
In a study of teacher-student interaction patterns in elementary school mathe-
matics classrooms, scholars found that only about 15% of the questions posed by 
teachers were high-order questions or questions that required students to engage 
in critical thinking about the discussion topics (Wimer et al., 2001). In research 
on elementary school teacher questioning behavior, students are rarely asked 
cognitively challenging questions, which is precisely what activates critical think-
ing in students (Galton et al., 1999). This creates a dilemma: when teachers pose 
high-level questions that challenge students’ thinking, peers provide more de-
tailed help, which has a positive effect on their learning (Gillies, 2004; Gillies & 
Khan, 2008; Webb, 2009); however, when an IRF-like interaction occurs, this ef-
fect disappears—the role of the “teacher” becomes that of an actively prob-
lem-solving person, and the role of students becomes a “passive” person receiv-
ing guidance from the teacher, and they rarely share strategies for solving prob-
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lems or explore their peers’ ideas (Webb et al., 2008). 
On the other hand, inquiry-based learning in the classroom has many chal-

lenging goals and unnecessary learning barriers that can cause students to lose 
focus. When engaging in inquiry-based learning, students must read, under-
stand, and follow the teacher’s guidance, collect data, interpret the data, and 
work collaboratively with their peers to communicate and exchange ideas. There-
fore, the learning burden of inquiry-based learning is often heavy, and learners 
may suffer from information overload, making it difficult to sustain their focus 
on the expected learning goals. It is also common for students to become dis-
tracted by disorganized hands-on activities, fail to complete data collection 
within the designated time frame, make mistakes during observation, measure-
ment, or recording due to improper use of instruments, lose interest in learning, 
or become too immersed in the details of their work to focus on the learning 
goals. 

If the above issues are initially attributed to design flaws in inquiry-based 
learning, in order to optimize the design of inquiry-based learning, it is neces-
sary to scientifically and reasonably evaluate its advantages and disadvantages 
and further improve its functionality. However, the current situation is that the 
evaluation of inquiry-based learning, whether in theory or practice, faces many 
challenges, such as deviation from learning objectives, overemphasis on inquiry 
results to the neglect of the inquiry process, lack of specific evaluation methods 
for inquiry-based learning, and so on. Without addressing the evaluation issue, 
it is impossible to provide optimization feedback for the design of inquiry-based 
learning, and there is great uncertainty in implementing inquiry-based learning 
to enhance the expected learning goals of students. Furthermore, the evaluation 
of inquiry-based learning is not a problem that can be solved solely through the 
teacher’s experience; it requires systematic research. 

2. Research on Inquiry-Based Learning 
2.1. The Evaluators of Inquiry-Based Learning 

The evaluators of inquiry-based learning are no different from those of general 
learning, mainly consisting of students and teachers. Furthermore, when stu-
dents act as evaluators, the evaluation methods can be distinguished between 
peer evaluation and self-evaluation. Peer evaluations have three different types: 
intra-group, inter-group, and individual evaluations of the group (Earl, 1986). 
Intra-group peer evaluations are conducted when personal involvement of a 
student group working together is required, while inter-group evaluations may 
occur when a student group evaluates themselves or another group as a whole. 
Some studies suggest that participating in peer evaluations helps to improve the 
quality of learning outcomes, such as enhancing the quality of homework sub-
mitted by students after peer evaluations and revisions. Providing feedback to 
others is more conducive to learning than receiving feedback alone. These find-
ings support peer evaluations becoming a driving force for learning tasks and a 
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powerful tool for self-evaluation. 
Although peer evaluations have many benefits, there are still some unresolved 

issues, such as students feeling anxious about being evaluated by peers (J. Ha-
nrahan; Liu & Carless, 2006), students not being honest enough in grading and 
providing critical feedback (Cho & Cho, 2011), limitations in student feedback 
leading to inaccurate evaluations (Dochy et al., 1999), and less benefit for high- 
achieving students in peer evaluations (Li & Gao, 2016; Ramon-Casas, Nuño, 
Pons, & Cunillera, 2019). Current solutions to these issues include conducting 
anonymous evaluations (Cho & Cho, 2011; Rotsaert, Panadero, & Schellens, 2018), 
requiring multiple students to evaluate the same work (Cho, Schunn, & Wilson, 
2006), and using structured evaluation tools (Tsai & Chuang, 2013). However, 
these measures have two major problems. First, these solutions may bring new 
problems. Although anonymous peer evaluations reduce students’ social emo-
tional burden, they hinder student sharing, explaining ideas, and communicat-
ing during feedback activities (Ajjawi & Boud, 2017; Carless, 2012), and research 
has shown that anonymous evaluations reduce the accuracy of peer evaluations 
(Panadero & Alqassab, 2019). Having several students evaluate the same work 
can improve accuracy but may result in conflicting evaluation results, causing 
confusion for feedback recipients and decreasing learning enthusiasm (Wanner 
& Palmer, 2018). Not allowing students to grade deprives them of the opportu-
nity to practice grading and evaluation skills. Second, these measures have not 
addressed the situation where “average” and “high-achieving” students benefit 
far less in peer evaluations than “low-achieving” students. 

In order to avoid the inherent problems with using only teacher evaluations, 
combining peer and self-evaluations with teacher evaluations is a better ap-
proach. Teacher evaluations involve teachers assessing students, and they are 
important for understanding teaching quality and the impact of teachers on 
learners. However, when teacher evaluations are combined with self and peer 
evaluations, the traditional authoritative role of the teacher can be a “double- 
edged sword”. While giving students the power to evaluate themselves and each 
other, the teacher’s role can still influence students’ judgments of their peers’ 
performance. In other words, teachers may still dominate the evaluation process 
and be seen as the only standard in the classroom. Combining peer and self- 
evaluations helps teachers understand their students’ learning situations and 
makes evaluations more comprehensive than either teacher or student evalua-
tions alone. Through peer evaluations, teachers can understand most students’ 
perspectives from grades, written comments, and oral feedback, which enhances 
teachers’ understanding of high-quality behaviors displayed by students. Self- 
evaluation reflects each student’s perception of their own performance. There-
fore, the most feasible solution seems to be using self-evaluation to supplement 
peer evaluations to overcome the inherent problems of the latter. 

Self-evaluation is a process by which students assess their own performance, 
also known as “self-feedback”, “self-reflection”, “self-review”, and so on (Harris 
& Brown, 2018; Yan & Brown, 2017). Self-evaluation includes setting standards, 
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self-scoring, validating scores, and providing improvement suggestions (Boud, 
1995; McMillan, 2013). Some scholars believe that self-evaluation includes accu-
rately expressing expected performance, accurately expressing actual perfor-
mance, taking action to close the gap between expected and actual performance 
(Sadler, 1989). Regardless of the interpretation, the content of self-evaluation 
can be summarized into three dimensions: goal awareness, performance aware-
ness, and gap reduction. 

Self-evaluation is closely related to reflection (Boud, 1995; Yan & Brown, 
2017) because in the self-evaluation process, “the self is always available for per-
sonal use” (Harris & Brown, 2018). Reflection can be divided into reflection in 
action and reflection on action. The former is usually triggered unexpectedly 
during practice and if the evaluation process is not long, it will pass quickly, 
while the latter occurs after the event (Greenwood, 1993). Because it analyzes 
and interprets information from memory without time pressure, reflection on 
action is more systematic (Fitzgerald, 1994). Reflection in action is usually about 
optimizing on-site practice, while reflection on action is knowledge-oriented, 
allowing individuals to rethink the theories and concepts they identify with 
(Bolton, 2010). Although both are important, reflection on action involved in 
self-evaluation is a form of reflection that contributes to improving learning 
outcomes (Boud, 2013) and developing various skills, including self-regulation 
(Nicol & Macfarlane-Dick, 2006) and feedback literacy (Hoo, Deneen, & Boud, 
2022; Tai, Ajjawi, Boud, Dawson, & Panadero, 2018; Yan & Carless, 2022). 
However, without explicit requirements from teachers, students mostly reflect in 
action rather than on action (Wanner & Palmer, 2018). 

Like peer evaluation, self-evaluation also brings various benefits, including 
improving metacognition (Birjandi & Hadidi Tamjid, 2012), enhancing learning 
outcomes (Boud, 1995), and developing students’ feedback literacy (Malecka, 
Boud, & Carless, 2022). If used alone, it also has its own problems. Some stu-
dents resist this process (Boud, 1995), while others believe that they have already 
met the evaluation criteria (Hanrahan & Isaacs, 2001). This is called “self- 
blindness” by Rey (Rey, 2013). However, when combined with peer evaluation, 
self-evaluation can overcome most of the problems (Dochy, Segers, & Sluijsmans, 
1999; Hung, Samuelson, & Chen, 2016; Topping, 2018). Self-evaluation is a sup-
plement to peer evaluation, and when peer evaluation is lacking, self-evaluation 
enables students to engage in self-reflection. Even when students have the op-
portunity to engage in peer evaluation, self-evaluation can effectively supple-
ment peer evaluation because these two processes involve reflection from dif-
ferent perspectives. 

2.2. Evaluation Methods for Inquiry-Based Learning 

This measurement and others are deliberate, using specifications that anticipate 
your paper as one part of the entire journals, and not as an independent docu-
ment. Please do not revise any of the current designations. The methods for evalu-
ation mainly rely on tests, portfolio, rating scales, and so on. In recent years, in-
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formation technology and learning management systems have also been added 
to collect process data in the field of learning analytics. For example, Wu et al. 
(2022) developed a process data-based collaborative problem-solving automa-
tion evaluation system relying on the PSAA platform, which can automatically 
collect trigger behavior, process behavior data (clickstream data and session da-
ta), and so on. In terms of using portfolio to collect process data, Herman (1992) 
used portfolio evaluation as the basis for teacher and student evaluation. A 
portfolio is defined as “a collection of student work reviewed according to stan-
dards to evaluate a student or a project.” Types of student work can include es-
says, videos, etc. To use a portfolio to evaluate students, teachers should clearly 
define the evaluation purpose, determine the method for determining the skills 
that should be included in the portfolio, such as problem-solving skills and com-
munication skills, who and when should determine this, and determine the sam-
ple selection and judgment criteria. 

In terms of using rating scales to collect process data, Huang and Ma (2012) 
developed an observable and interpretable evaluation standard rating scale, 
which includes four observation dimensions: exploratory subject, exploratory in-
teraction, exploratory resources, and exploratory ability. Each dimension has 4 - 
11 different observation items. In the exploratory subject, the focus is on who 
the classroom subject is and the overall change of the classroom subject. In ex-
ploratory interaction, the focus is on the interaction between different teachers 
and students and different teaching links. In exploratory resources, the focus is 
on the development of resources in different schools, teaching processes, teach-
ing links, and course types. In exploratory ability, the focus is on cultivating the 
ability to propose questions, cognitive and interpretive abilities, production and 
design abilities, communication and expression abilities, and so on. 

We believe that evaluating the quality of exploratory learning only from the 
changes in the exploratory subject in the classroom, teacher-student interactions 
in exploratory interactions, exploratory resources, and exploratory ability may 
not be comprehensive. Moreover, how to measure students’ abilities to propose 
questions, communicate and express themselves is a tricky problem. This may be 
evaluated by students themselves, peers, or teachers. However, questionnaire- 
based evaluation is a subjective process and is an impression of the overall 
course, which is not scientific and realistic. Teachers and students may ignore 
some details, which precisely reflect the performance of exploration or higher- 
order skills formed through exploration. 

This passage discusses two basic orientations in learning evaluation, process- 
oriented and outcome-oriented, which are differentiated based on the nature of 
the detail data, whether they are process data or result data (Glasgow, 1997; Swan-
son, Case, & van der Vleuten, 1991). Process-oriented evaluation emphasizes 
students’ ability to solve problems using knowledge, including recording obser-
vations of student learning logs, measuring communication skills in class, using 
learning resources, and developing problem-solving skills. Outcome-oriented 
evaluation indirectly measures the quality of the learning process by examining 
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the results after a period of learning, believing that the learning products created 
by students reflect their ability to apply knowledge (Swanson et al., 1991). This 
can include grading student work using scoring criteria, or evaluating based on 
standardized tests or surveys. 

In the outcome-oriented evaluation orientation, Li et al. (2022) proposed an 
Outcome-Oriented Pattern-Based Model (OOPB), which is a result-oriented 
evaluation model that begins with clearly defining the learning outcomes and 
then reverse designs the learning tasks and evaluation to promote the expected 
learning outcomes. Teachers need to strengthen systematic course design me-
thods and prioritize consistency between learning outcomes, tasks, and evalua-
tion (Biggs, 1996; Biggs, 2014; Biggs & Tang, 2011). In an empirical study by 
Kogan and Laursen (2014), a standardized method was developed to calculate 
and average students’ grades after taking inquiry-based learning courses and 
non-inquiry-based learning courses, and it was found that students who took 
inquiry-based learning courses performed better on their other courses. This is a 
way to evaluate the quality of inquiry-based learning by representing it through 
students’ academic performance. However, many people question whether cur-
rent standardized tests match important goals for student learning and devel-
opment, as they only measure basic skills in reading, language, and math, and 
sometimes do not match the curriculum and teaching, ignoring the measure-
ment of complex thinking processes and problem-solving skills (Herman, 1992). 

There are three types of process-oriented evaluations, the first being self- 
evaluation tools, which include self-evaluation scales. Researchers have devel-
oped detailed and rich scales using nested designs that iterate around factors, 
dimensions, sub-scales, sub-dimensions, and specific items. Li and Wang (2021) 
designed a self-assessment scale for college students’ extracurricular autonomy 
based on six evaluation dimensions and 15 sub-questions, including “Do you 
pay attention to extending the content of classroom learning?” and “Do you pay 
attention to expanding your learning interests?” Using this scale to evaluate stu-
dents’ learning processes can improve the accuracy of their answers due to its 
high level of precision and strong guidance. 

The second type is structured interview tools (Zimmerman & Pons, 1986), which 
involve face-to-face conversations that prompt students to recall their learning be-
haviors. This method is more open-ended and avoids the risk of constraining 
learners’ responses through a predefined questionnaire. Learners can add their 
own thoughts and answers based on the structured interview tool’s questions. 
This evaluation method is often used in combination with the first type. 

The third type is video analysis tools, which can capture all the behaviors of 
students and teachers in the classroom (Fischer & Neumann, 2012). For exam-
ple, Schreiber et al. (2016) recorded videos of 14 students conducting physics 
experiments to evaluate their skills. Trained coders cut the videos into 5-second 
segments and categorized the students’ behaviors, such as designing experimen-
tal plans, operating instruments, processing data, explaining results, and filling 
out experiment sheets. Then they evaluated whether each category was per-
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formed correctly, imperfectly, or incorrectly. 
Overall, although evaluation tools such as scales or structured interviews have 

strong operational feasibility, there is a possibility of learners’ subjective bias. 
That is, students’ responses may not be based on actual situations. In addition, 
the objectivity of evaluation results from self-evaluation tools is not optimistic, 
even though the learners in high school and above have no difficulty under-
standing the contents of the evaluation tools (Sun & Zheng, 2021). Moreover, for 
learners in junior high school and even primary school, understanding the con-
tent dimensions of evaluation tools can be difficult. For example, there is consi-
derable uncertainty in how to distinguish between learning strategies and learn-
ing outcomes, and how to understand learning objectives. It is also unclear 
whether this really evaluates process data, and it may be better understood as 
phased result data. 

The number of papers that truly evaluate process data is relatively scarce in 
academic writing. The instructional process mechanism diagram designed by 
Yang et al. (2017) covers learning objectives and content, as well as participants 
and their behaviors, and the process of transforming teaching content themes, 
providing a detailed expression of the interactive processes that teachers and 
students engage in regarding specific topics. In addition, Yang K et al. have also 
developed a role behavior coding system for collaborative learning activities, 
which allows for the characterization of specific behaviors and interactions be-
tween teachers and students using this system (Yang et al., 2017). Furthermore, 
Wu et al. (2022) have developed an automated evaluation framework for colla-
borative problem-solving abilities based on process data flow, which automati-
cally extracts evidence for evaluation from process behavior data (clickstream 
and session data) generated by individuals in the assessment system to evaluate 
students’ collaborative problem-solving abilities. 

There is no one correct way to evaluate students. Although outcome-oriented 
evaluations can be persuasive, we do not advocate for this type of evaluation for 
all types of learning, nor do we reject process-oriented evaluations for specific 
learning processes. What is worthy of recognition is that outcome-oriented evalu-
ations provide a powerful method for evaluating complex thinking and prob-
lem-solving abilities, and because they are based on real-world interests, they 
may be more motivating and reinforcing for students. However, although out-
come-oriented evaluations can reflect the degree and depth to which students ap-
ply knowledge, process-oriented evaluations may be more effective in determin-
ing the extent to which students have mastered basic facts and concepts, as well 
as in reflecting students’ high-level abilities. In summary, we need to determine 
the most appropriate evaluation methods based on the specific nature of the 
learning process. 

2.3. Assessment Criteria for Inquiry-Based Learning 

The standards used to evaluate student performance are referred to as grading 
criteria or grading guidelines. In order to make a value judgment about an object 
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of value, one must not only have access to process data related to the object but 
must also establish evaluation criteria. The process of evaluating an object of 
value is essentially a process of making value judgments. Such judgments must 
be based on a standard or scale, which is the basis for making judgments. This 
standard may be based on a crude, unipolar indicator system such as ideology, 
values, or a slightly more complex multi-level indicator system. 

For example, Ruan and Zhang (2014) proposed that evaluation of inquiry- 
based learning should be based on the following principles: 1) the problem situa-
tion must be directional, inspiring, and closely related to reality, with exploratory 
value; 2) knowledge transmission and exploration processes should be combined 
organically to make classroom teaching more efficient; 3) starting from the explo-
ration process, inquiry-based learning not only requires the acquisition of know-
ledge, but also aims to exercise inquiry skills and the ability to use inquiry methods 
to solve practical problems; 4) a harmonious teacher-student relationship should 
be fostered in inquiry-based teaching activities, and students should be encouraged 
to question and speculate, thus stimulating their potential for inquiry. 

Researchers have also developed more complex multi-level indicator systems 
to establish criteria for evaluating individual indicators. Liu et al. (2022) pro-
posed a three-level evaluation indicator system for inquiry-based learning based 
on the CIPP evaluation model framework, and used the Delphi method for revi-
sion to address issues such as the lack of improvement mechanisms in the evalu-
ation of the learning process. Lu et al. (2013) designed a performance evaluation 
form for student inquiry-based learning courses based on learning attitudes, co-
operative spirit, and inquiry processes, an evaluation form for student works 
based on three aspects: ideology and science, creativity, and artistry, and a 
teacher’s teaching performance evaluation form based on teaching content, 
teaching methods, and teaching effects. For example, in the evaluation of the 
inquiry process, the main evaluation indicators are: 1) the scientific, feasible, 
novel, and practical selection of topics; 2) the reliability of experimental or in-
vestigative data; 3) the appropriateness of research methods; 4) strong practical 
skills; 5) innovation consciousness and skills. The evaluation criteria are divided 
into four levels: “excellent”, “good”, “average”, and “poor” with scores ranging 
from 4 to 1. However, the evaluation criteria based on an indicator system can-
not guarantee that the evaluations made are accurate. 

3. Shortcomings in Evaluating Inquiry-Based Learning 

At present, there is still a relative scarcity and preliminary nature of research 
specifically aimed at exploring learning evaluation, with most existing studies 
adopting a general approach to handling evaluation in inquiry-based learning. 
As a result, the unique characteristics of inquiry-based learning are difficult to 
reflect in its evaluation. 

Inquiry-based learning aims to change students’ learning styles, highlighting 
their cognitive activities such as exploration and discovery during the learning 
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process, making learning more about the process of students identifying and 
solving problems (Huang & Ma, 2012). The unique features of inquiry-based 
learning, such as student-initiated learning, learning driven by inquiry, prob-
lem-based or problem-driven learning, and learning based on knowledge con-
struction and generating new ideas, require that the dimensions and framework 
for evaluating inquiry-based learning should not be equated with traditional 
teaching. However, research on evaluating inquiry-based learning, apart from 
emphasizing the basic principles that evaluation should follow (such as holistic 
and open principles) (Huang & Ma, 2012), is mainly aimed at setting up a set of 
evaluation indicators. For example, some studies believe that the evaluation in-
dex system for physics inquiry-based classroom teaching should mainly be based 
on the following aspects: 1) teaching objectives, 2) teaching content, 3) teaching 
process, and 4) process rationality (Huang & Ma, 2012). 

However, the indicators in these types of systems are too abstract and general, 
and the scoring of each indicator is mainly based on subjective feelings, which 
can easily lead to bias. In a short period of time, neither experts nor teachers can 
score dozens of indicators based solely on watching the implementation process 
of inquiry-based learning. In addition, the dimensions corresponding to the truth 
of the value standards and value objects must be consistent. Evaluation should be 
based on process data of the evaluation object. If a scoring system is used, the ex-
pert’s scoring is not based on the truth, but on their feelings and experience of the 
entire process. This is not an evaluation of the inquiry-based learning process. 

The aim of inquiry-based learning is to enable students to utilize problem- 
solving skills to create meaningful knowledge, promoting deep learning (Buckner 
& Kim, 2014; Ellis & Bliuc, 2016) and developing critical and higher-order think-
ing skills (Bush, Sieber, Seiler, & Chandler, 2017). This means that the curriculum 
must not only include scientific concepts and methods, but also achieve knowledge 
and skill goals, and demonstrate inquiry behavior. Looking back at research on 
inquiry-based learning evaluation, it is difficult to find literature that reflects spe-
cific student inquiry behavior and evaluation indicators closely related to pre-set 
learning goals. Even if a few evaluation indicators reflect student inquiry behavior, 
it is difficult to reflect the higher-order abilities acquired by specific inquiry-based 
learning. Perhaps the reason why the evaluation system of inquiry-based learning 
is not clear and its discussion is relatively difficult is that our existing methods of 
learning evaluation are not suitable for inquiry-based learning. 

The inquiry-based learning we are studying is inquiry-based learning in real 
educational contexts, and therefore “inquiry” and “achieving specific learning 
goals set by the educational context” are its fundamental characteristics. If eval-
uation is conducted outside of these two points, it is no different from general 
learning evaluation. As mentioned earlier, learning evaluation can be divided 
into two orientations: process-oriented and result-oriented. Due to the unique-
ness of inquiry-based learning itself, it is not appropriate to use a result-oriented 
approach for its evaluation, only a process-oriented approach can be adopted. 
Learning outcomes that students produce over a period of time, such as daily 
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quizzes, homework assignments, and learning works, are difficult to demon-
strate whether they have achieved the high-order ability learning goals required 
by inquiry-based learning because the results are obviously subject to the stu-
dent’s personal efforts. From this perspective, even if students do not produce 
good learning products within the limited time of the classroom, it does not 
mean that they have not completed good inquiry-based learning. Moreover, a 
result-oriented evaluation method is not based on the truth of the learning 
process, but on the truth of the learning outcomes, which seems to imply that 
mastering the truth of the learning outcomes is equivalent to mastering the truth 
of the learning process. This is not a value-based reasoning but a causal logical 
reasoning, and it has flaws. We cannot infer good processes from good results. 

However, challenges exist in adopting a process-oriented approach in eva-
luating inquiry-based learning. Firstly, the collection of process data for evalua-
tion requires skill, as it is complex to evaluate data generated in the early stages 
of inquiry. Since students’ inquiry paths may change, the final inquiry path they 
adopt may not be the same as the initial one (Biggers, Forbes, & Zangori, 2013). 
If data is collected too early, key ideas or misconceptions of students may be 
missed, however, if data is collected too late, they may miss the momentary per-
formance of students’ inquiry. Therefore, it is difficult for teachers to determine 
which type of evaluation is most effective and when to evaluate during class. In 
addition, the evaluation ability of teachers during specific inquiry processes is 
continuously improving, and sometimes it is realized in the later stages of in-
quiry process that selecting the best time for evaluation is crucial, which may af-
fect the reliability of process data. Secondly, evaluation of inquiry-based learning 
is subject to subjective interference and cannot reflect specific inquiry behaviors 
or learning objectives. Although the assessment indicators and evaluation crite-
ria for each stage are based on process data, unfortunately, the indicators are of-
ten general, such as attitudes, approaches, and qualities in problem solving 
(Wang, He, & Zhang, 2010), which are not enough to reflect specific inquiry be-
haviors or learning objectives. Worse still, evaluators often score based on sub-
jective feelings rather than objective facts, which can easily lead to errors and 
differences between evaluators. 

The evaluation of inquiry-based learning is in a dilemma, as evaluating in-
quiry learning based on its outcome is not entirely reasonable, and evaluating 
inquiry learning process with a set of indicators is not convincing enough. The 
approach and methods of evaluating inquiry-based learning need further im-
provement by researchers. 

4. Suggestions for Future Evaluation of Inquiry-Based  
Learning 

4.1. The Principle of Inquiry-Based Learning Evaluation Should  
Be Clearly Defined 

To begin with, it is necessary to clarify the principles of evaluation for inquiry- 
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based learning. 
1) Learning behaviors should correspond to the target knowledge points. The 

target knowledge points refer to the knowledge content that students acquire 
through inquiry-based learning, such as the functional indicators of a bridge, 
which include stability, load-bearing capacity, and trafficability, in a bridge de-
sign course. The various inquiry-based learning stages of the course are con-
ducted in a certain order, and the knowledge points contained in each stage are 
different. Each of the student’s behaviors, such as experimental operations, pro-
posing new ideas or questioning, must correspond to the knowledge points that 
the student has obtained or already knows. If a student’s inquiry behavior in this 
stage cannot reflect the relevant knowledge points, it indicates that the efficiency 
of this stage is not high, and a lower score should be given in the evaluation.  

2) Learning behaviors should reflect the characteristics of inquiry forms. Some 
behaviors not only exist in the inquiry classroom but also commonly exist in 
general learning, which we call irrelevant behaviors. For example, questioning 
about operation methods or design ideas during the discussion process, or ask-
ing for help, all of which cannot reflect the formative characteristics of inquiry. 
For irrelevant behaviors that occur in the inquiry classroom, the more frequent 
they occur, the lower the score should be given in the evaluation. However, be-
haviors such as “questioning”, “discussing”, “inquiring” and “operating” that re-
flect the form and characteristics of inquiry-based learning should be given 
higher scores in the evaluation when they occur more frequently. 

3) Learning behaviors should reflect specific high-level abilities acquired in 
inquiry-based learning. In the process of inquiry-based learning, students will 
acquire certain high-level abilities, such as innovative spirit, scientific literacy, 
computational thinking, critical thinking, and so on. Therefore, in the evaluation, 
higher scores should be given to these factors. Learning behaviors should reflect 
the specific high-level abilities acquired in inquiry-based learning. Students will 
acquire some high-level abilities in inquiry-based learning, such as innovative 
spirit, scientific literacy, computational thinking, and critical thinking. When de-
signing the evaluation system and evaluation indicators, the above dimensions 
should be taken into account. 

4.2. The Evaluation of Inquiry-Based Learning Should Mainly  
Focus on Process Evaluation 

The purpose of evaluating inquiry-based learning is to provide better feedback. 
If only results-oriented evaluation is emphasized, it is difficult to identify prob-
lems that exist throughout the entire inquiry process. Moreover, inquiry-based 
learning itself is a process in which students construct scientific knowledge, gen-
erate and enhance scientific attitudes, master scientific methods, and promote 
creative problem-solving abilities autonomously through a repeated cycle of 
“perceiving problems-defining problems-solving problems” in a real educational 
context. Therefore, process data should be recorded in the evaluation to provide 
more targeted feedback. An actionable method is to record the process of in-
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quiry-based learning, and then cut the behavior data of teachers and students 
into sentences and items in video analysis. The behavior data is encoded in the 
order of “behavior subject-specific behavior-sequence number-knowledge point 
sequence-interaction”, which can reflect the dynamic participation process of 
students and teachers in the inquiry-based classroom and also the interaction 
process among different members of the group. For example, we use Si to represent 
the student sequence, Ki to represent the knowledge sequence, and T to represent 
the teacher. The behavior number is coded in three-digit sequence starting from 
000. The interaction between teachers and students or among students is marked 
with the [ ], and the subsequent action caused by this action is described within 
the [ ]. S1-BM-010 {K1, K2, K6, K9} [→S2-TL-020] means that student S1 ex-
pressed his or her opinion, the current behavior number of S1 is 010, the know-
ledge points contained in the opinion include K1, K2, K6, and K9, and S1’s be-
havior at this time triggered a discussion expressed by S2 with a behavior num-
ber of 020. 

4.3. Compare and Evaluate Teaching Design with Inquiry Process 

Once the dynamic process of joint participation of students and teachers in the 
exploration course and the process of interaction among different members of 
the group are obtained, it is necessary to develop evaluation criteria to assess 
these behavioral data, which should correspond to the original instructional de-
sign. That is to say, for the exploration performance and path in the instruction-
al design, evaluation scores should be given based on how well they are achieved, 
and scores should also be given for any missing or deviated aspects. First, data 
such as target knowledge points, exploration tasks, exploration paths, key inte-
ractions between teachers and students and among students, and key behaviors 
should be extracted separately from the instructional design and the actual ex-
ploration process, which can indirectly reflect students’ exploration process. 
Then, the data extracted from the instructional design and the actual exploration 
process should be compared and classified and coded according to certain oper-
ational steps. This can demonstrate what opportunities for improving explora-
tory learning are hidden in the differences between the actual exploration 
process and the instructional design. The advantage of this approach is that 
evaluation only needs to compare the relevant data between the actual explora-
tion process and the instructional design, and the value interpretation can be 
made through the evaluation criteria. This avoids subjective errors, simplifies the 
evaluation process, and even without the involvement of experts, evaluation of 
exploratory learning can still be made. 

5. Conclusion 

Inquiry-based learning, a student-centered and problem-solving approach, has 
become increasingly popular in the classroom. However, this teaching method is 
not without its challenges. Firstly, time management and planning can be a sig-
nificant issue. As this learning method requires more time for exploration and 
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problem-solving, it is essential to plan time and resources carefully to ensure 
students can complete tasks within the allocated time. Secondly, student au-
tonomy can be problematic as inquiry-based learning requires students to have 
self-management and learning skills, but some students may face difficulties 
with self-motivation and management. Thirdly, the teacher’s role in inquiry- 
based learning is to guide and support students rather than directly imparting 
knowledge. This requires teachers to have different skills and approaches to 
support student learning, including how to pose questions, guide student think-
ing, encourage exploration, and provide feedback. Lastly, inquiry-based learning 
requires a different assessment method than traditional teaching methods. 
Teachers need to understand students’ learning progress and outcomes and pro-
vide real-time feedback and support. Evaluation methods for inquiry-based 
learning should mainly focus on process evaluation, comparing teaching design 
with inquiry process evaluation. At the same time, the following three principles 
should be followed: learning behavior should correspond to the target know-
ledge points, reflect the formal characteristics of the inquiry process, and reflect 
the high-order abilities acquired in specific inquiry-based learning. 

In conclusion, inquiry-based learning poses several challenges in the class-
room, such as time management, student autonomy, teacher roles, and assess-
ment feedback. However, with proper solutions, these challenges can be over-
come, and the benefits of inquiry-based learning, such as promoting student 
creativity, critical thinking, and problem-solving skills, can be realized.  
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