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Abstract. Despite increased research
interest in improving students’ scientific
inquiry abilities, how to conduct scientific
inquiry using science textbooks that

are easily accessible to primary school
students remains understudied. This study
developed and verified an inquiry activity
model (IAM) to improve the performance of
primary school students in science textbook
inquiry activities. Data were collected from
sixth-grade primary students (n = 167)

to analyze the difficulty level of textbook
inquiry activities. An analysis tool was
developed, focusing on inquiry skills and
process flow. Expert analysis increased

the tool’s validity. The analysis revealed
that students possessed low integrated
inquiry skills, were partially aware of the
inquiry process flow, and could not design
experiments. Hence, the IAM was developed
to enhance students’ ability to perform
textbook inquiry activities and understand
the activity phases. It emphasized the flow
and representation of the inquiry process
for students to easily recall the contents as
they learn the interconnectivity between
phases. The post-test of the experimental
group and the inquiry process flow chart
showed significant improvement in all
areas of inquiry ability. The scores for
“connections” and “interconnectivity” in the
inquiry process flow were high, reflecting
the model’s effectiveness in showing the
interconnectedness of all stages.

Keywords: primary science textbook,
inquiry activity model, representation in
inquiry activity, inquiry phase

Soyeon Kim

Kumnam Elementary School, Korea
Jung Bog Kim

Korea National University of Education,
Korea

315

@ @ This is an open access article under the
@ Creative Commons Attribution 4.0
BY _NC International License

DEVELOPMENT OF AN INQUIRY
ACTIVITY MODEL EMPHASIZING
THE REPRESENTATION OF

PRIMARY SCIENCE TEXTBOOKS

Soyeon Kim,
Jung Bog Kim

Introduction

Scientific inquiry holds an important position in science education as
students experience and appreciate the essence of science. Students can de-
velop scientific knowledge and concepts through scientificinquiry (Kirschner
et al., 2006; Kruit et al., 2018; van Uum et al.,, 2017). Their experiences help
them understand what scientists do and how scientific knowledge forms
and expands (Concannon et al., 2020). Previous studies have proven that
inquiry classes are effective in improving science learning (Geier et al., 2008;
Lederman & Lederman, 2019; Liu et al., 2022; Minner et al., 2010; Schroeder
etal,, 2007). Small-group scientific inquiry helps students interact with their
peers (Wilmes & Siry, 2018), increasing their interest in and enjoyment of the
subject. Engaging in scientificinquiry has been shown to positively influence
future-oriented science motivation, the promotion of science self-concept,
and the development of high self-efficacy (Cairns & Areepattamannil, 2019).

Inquiry has been consistently emphasized as a key subject in science
education since the 20th century (Bybee & DeBoer, 1994; National Research
Council, 2000). Inquiry-oriented curricula and textbooks have been devel-
oped in numerous countries (Ministry of Education Singapore, 2007; Quali-
fications and Curriculum Authority, 2004; Song, 2006). Furthermore, despite
several curriculum revisions, the ability to conduct scientific inquiry remains
animportant goal in science education. Moreover, each country reflects a va-
riety of inquiry activities in its science curriculum (Edelson et al., 1999; Singer
et al.,, 2000; Zion et al., 2004; Wang & Zhao, 2016). Efforts have been made
to implement inquiry activities in textbooks so that teachers and students
may easily access them (Dogan, 2021, Aldahmash et al., 2016; Andersen,
2020). However, there are also limitations. For example, textbooks in China
do not help students develop scientific inquiry or reasoning skills (Li et al.,
2024). Korea's science curriculum also fails to include detailed information
oninquiry, and the nature of inquiry that takes place in schools is sometimes
presented differently in each textbook (Lee, 2005):

Primary science textbooks in Korea are activity-oriented, rather than
concept-oriented; hence, students acquire knowledge of science concepts
through various inquiry activities (Lim, 2020). These inquiry activities are
important to understand students’grasp of science concepts. To compensate
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for the shortcomings of the national textbook system, as of 2022, primary science textbooks have been changed to
an authorized textbook system in Korea. The content and methods of inquiry activities in primary science textbooks
vary among authors, resulting in a diversity of inquiry activities. This diversity explains the varied approaches to
inquiry found in primary science education. However, in primary schools, teachers with majors in various subjects
teach science. Consequently, they may struggle to understand scientific inquiry and inquiry skills (Lee et al., 2004;
McDonald & Songer, 2008; van Zee et al., 2005). Therefore, teachers must be provided with specific guidance to
conduct scientific inquiry activities. A primary student inquiry activity model (IAM) must be developed to allow
teachers to enhance students’ abilities to engage in textbook inquiry activities.

To enhance the scientificinquiry abilities of primary school students, it is crucial to consider the characteristics
of their cognitive development. Primary school students in Korea, aged 6-12, typically fall within Piaget’s concrete
operational and formal operational stages (Gabel & Sherwood, 1980). Science textbook exploration activities can
positively impact students by engaging their cognitive thinking abilities, thus facilitating cognitive development.
These activities are most effective when presented slightly above the students’current cognitive level (Martin, 2012).

Recent studies have described how to represent scientific knowledge or concepts in various forms, such as
texts, pictures, and models, to understand and acquire them for enhancing scientific inquiry skills (Balgopal et al.,
2017;Lamsd et al., 2018; Ryoo & Bedell, 2019). Studies focusing on information transfer and effective understanding
of scientific concepts through visual representation have been conducted in science education using the concept
of “representational competence” (Kozma & Russell, 1997, 2005; Nitz et al., 2014). The findings show that student
participation in the visualization process through representation (Tippett, 2016) and the use of visual representa-
tion enhance students’ scientific reasoning and participatory and communication skills (Ainsworth et al., 2011).
Knowledge is derived from representation, and its use requires representation (Newell, 1994). In other words, to
conductinquiry activities, students need knowledge, which must be represented in some form. Research has been
conducted on various representations but not on representations in textbook inquiry activities or representations
actively created by students.

Therefore, this research aimed to develop an IAM that improves students’ability to perform inquiry activities
by allowing them to use their representations in each phase of activities. The research questions are as follows:

1. What difficulties do primary students face when conducting textbook inquiry activities?

2.  What should be the composition and content of a science IAM that emphasizes representation and
enhances students’ ability to perform an inquiry activity in a primary science textbook?

3.  Whatis the effect of applying a scientific IAM that emphasizes representation?

Research Methodology
Design

In this study, the research problem was specified based on the difficulties the researchers had experienced
as a teacher while guiding students’textbook-based science exploration activities. Based on previous research, we
adopted a quantitative research design and collected data using questionnaires and flowcharts.

The study was conducted from March to December 2022. The participants were students from four schools
located in cities and rural areas in the Republic of Korea, who were 6th-grade primary school students and not
enrolled in gifted or special classes.

Participants were informed about the study by teachers in their primary school science classes, and those
who wanted to participate voluntarily did so with the consent of their parents.

Procedure

Student inquiry performance difficulties were analyzed, designing an inquiry model and verifying its effec-
tiveness. In the inquiry performance difficulty analysis, various scientific inquiry definitions were selected through
a literature review of the science inquiry function and flow in primary science textbooks. A test of science process
skills (TSPS) and modified scientific process flowchart assessment (Mo-SPFA) were developed to measure primary
students’science inquiry ability and process flow. Three science education experts and three primary school teach-
ers analyzed each questionnaire for validity and reliability. This process was followed by a preliminary test; wherein
primary students’ science inquiry skills and process flow were examined to analyze their inquiry performance.
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In the IAM development stage, an IAM was developed based on the results of the student inquiry ability and
process flow tests. The model was modified and supplemented by performing a content validity test and pilot test
on experts. The students were divided into two groups: the experimental group, wherein classes were conducted
using the developed IAM and worksheet; and the comparison group, wherein classes were conducted using tra-
ditional textbooks and observations. Although different teachers implemented the model in each participating
school, the instructors for both experimental and control groups were consistent within each school. The instructors
conducted the class as per their teaching method. To validate the effectiveness of the IAM after its application, a
post-inquiry ability test and an inquiry process flow test were conducted to analyze the changes in students’ sci-
ence inquiry ability and the inquiry process flow.

Participants

The study participants were 6th-grade students from four schools in two urban and two rural areas in the
Republic of Korea. One of the city schools has more than 1,000 students, while the other school has fewer than 700
students. One of the rural schools has 200 students, and the other has fewer than 60 students. In Korean primary
school textbook inquiry activities, the basic inquiry skills and the integrated inquiry skills are both used in the 6th
grade. Therefore, in this study, 6th-grade students were selected to elucidate the difficulties students had in the
inquiry process. Two classes were selected from each school, resulting in a total sample of 167 students. Participants
were chosen based on their agreement with the study’s purpose and methods, with consideration for variations
in students’ science achievement levels. To examine the effect of implementing the model, 84 students from four
schools were introduced to the model, forming the experimental group, while 83 students formed the control
group. The sample size was large enough for quantitative verification (n > 30) and, if sampled independently and
randomly, shows a normal distribution regardless of distribution (Kwak & Kim, 2017).

Data Analysis

SPSS (version 28) was employed for conducting a quantitative analysis on the pre- and post-test results for
each analysis element. Additionally, before introducing the IAM, a scientific inquiry ability test was performed to
verify the homogeneity of the groups, and the group identity was confirmed through t-tests. The difficulties faced
by students in inquiry activities were analyzed using an independent samples t-test and a paired-samples t-test.

Instrumentation
The TSPS

TheTSPS, developed by Kwon and Kim (1994), was modified and supplemented to examine the science inquiry
ability of primary students. The TSPS was developed to apply to fifth graders in primary school and third graders
in middle school. Inquiry ability is divided into basic and integrated inquiry skills. As the inquiry model developed
here is based on government textbooks that reflect the Korean national curriculum, a variety of text and picture
materials at the primary school level are presented to make it easy for students to understand. It was evaluated to
be appropriate to examine students’ scientific inquiry abilities, using the TSPS, which has been successfully used
by previous research targeting Korean primary school students (Kang & Noh, 2017; Hong & Hong, 2019; Park et al.,
2017). The TSPS originally consisted of 30 questions (with four choices each), with three questions for each sub-
element. However, for the present study, only 28 questions were chosen by deleting the concepts of observation
and measurement, which are unfamiliar to primary students. The content validity index (CVI) was obtained and
analyzed by applying a two-step rating method of appropriate (1) and inappropriate (0), based on the responses of
six experts. On finalizing the questions, the reliability (Cronbach’s a) was found to be 0.74. A total of 28 points were
scored, with 1 point for a correct answer and 0 for an incorrect answer. The examination time was about 40 minutes.

Mo-SPFA

The Next Generation Science Standards (National Research Council, 2013) categorizes“inquiry-based science”
as one of the“dimensions” of science learning that students should participate in and emphasizes “scientific practice.”
Examining the processes and phases of scientific inquiry is necessary for scientists to understand the processes
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and procedures of studying the natural world. To conduct effective scientificinquiry, experiment classes, including
various elements of the inquiry process, must be conducted. Students’ understanding of the inquiry process can
be enhanced by learning the elements of the inquiry process and the interrelationships between these elements
(Kim, 2007). Even in the case of gifted middle school students, who believe that they know the inquiry process, the
connections they draw between the inquiry elements are inaccurate (Park et al., 2015). Therefore, it is important to
recognize the inquiry process’phases and flow to enhance students’ability to perform inquiry activities. Wilson and
Rigakos (2016) determined that the existing tools to evaluate the scientific inquiry process are unsuitable because
they identify only the segmented steps of students’scientific inquiry. Therefore, to understand the overall observable
flow chart of the scientific inquiry process, five items were presented as a rubric — connection, experiment design,
reason for doing science, nature of science, and interconnectivity. In this study, the SPFA chart evaluation tool,
developed by Wilson and Rigakos (2016), was modified and supplemented to suit primary students and used as a
tool to intuitively evaluate students’ understanding of the inquiry process’ steps and flow. The TSPS and Mo-SPFA,
to analyze the difficulties of student inquiry activities, were introduced in March at the beginning of the semester.

To analyze textbook inquiry activities, the researchers used the analysis framework developed by Millar (2010)
to analyze textbook inquiry activities. This framework can aid in the analysis of various areas, such as inquiry goals,
activities, and content of thinking in inquiry activities. Based on the analysis of the types of inquiry activities in the
textbooks, the contents of the Mo-SPFA were produced, with activity goals, contents, and thinking contents that are
most frequently presented in the textbooks. The Mo-SPFA was created using the inquiry activities of the third- and
fourth-grade science achievement standards that the students learned the previous year. Based on the analysis
of the types of inquiry activities in the textbooks, the contents of the Mo-SPFA were produced, with activity goals,
contents, and thinking contents that are most frequently presented in the textbooks. The post-Mo-SPFA content
was similar to the pre-test, based on the inquiry activities at the fifth- and sixth-grade science textbook levels. The
SPFA suggested five analysis factors, however, on consultation with experts and considering the science level and
ability of the primary students, as required by the national level curriculum, connection, interconnectivity, and
experimental design were set as the three analysis factors.

The interconnectivity element analyzes the overall flow chart structure of the inquiry activity process. The
experimental design element evaluates the overall terms of the inquiry activity process, such as research problems,
hypothesis, and variable control. In this research, the analysis method adopted was based on the notion that writing
down the direct search terms or the contents of each process was the same among primary students. The Dreyfus
Model, developed by Dreyfus and Dreyfus in 1980, was used to assign a grade score for each item. “Naive” had 1
point, “novice” had 2 points, and “intermediate” had 3 points. However, primary students had difficulty in setting
research questions during both open and guided inquiry (Byun et al., 2011; Krajcik et al., 1998). Hence, more naive
scores than novice scores appeared in the Dreyfus Model. It was modified (Tables 1 and 2) by giving scores for
each item as per expert consultation.

Table 1
Connection Evaluation Criteria

Score
Item Dimension (in points)
0 1 2 3
Lines that connect ideas None Some Some Some
Connections Arrows going in one direction None None Some Some
Double-sided arrows None None None Some
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Table 2
Rubric Used to Analyze Interconnectivity Rating

“ Dimension Form Score

Directionless link AmBmCmD 0

One-way link A mpBmpCmpD 1
AmpBmpD

Circular link 2

C
A
D’ ‘B
N

Interconnectivity rating

Link in all directions

As the evaluation criteria for experimental design elements, the five phases of inquiry-based learning, devel-
oped by Pedaste et al., (2015), were orientation-conceptualization-investigation-conclusion-discussion. Based on
this, the number of evaluation criteria for the experimental design elements of the pre-and post-test was matched
and analyzed. The revised Mo-SPFA was analyzed by obtaining a CVI by applying a two-step rating method of “ap-
propriate” (1) and “inappropriate” (0) by six experts. The CVI of the“connection”and “experimental design”elements
of questions 1, 2, and 3 was 1.0, and the CVI of the “interconnectivity” element was 0.83. A quantitative analysis
was performed on the pre-and post-test results for each analysis element.

Research Results
Difficulties in Student Inquiry Activities in the Textbook

In schools, science inquiry is conducted in various ways, however, mostly, students perform inquiry activities
by reading the instructions in the textbooks. Students face difficulties in reading textbooks and performing inquiry
activities. Therefore, by analyzing the types of inquiry activities in textbooks, this study examined the students’
lack of inquiry skills and understanding of the inquiry process flow. In this manner, the ways to improve students
ability to perform inquiry activities were explored. Two analysis tools, TSPS and Mo-SPFA, were created. The results
are as follows.

’

TSPS

TSPS was performed to analyze the difficulties faced by students in conducting inquiry activities. In Table 3, the
results show the achievement of 50 points or more in basic science inquiry skills, such as observation, classification,
and prediction, with a minimum score of 51.5 points (measuring) and a maximum score of 70.8 points (predicting).
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Table 3
Results of the Pre-TSPS
Inquiry skills Total # Total scores Correct answer rate

Observation 2 1.36 68.0

Classification 3 210 69.8

Measuring 2 1.03 51.5

Inferring 3 1.70 56.7

Predicting 3 212 70.8

Transforming data 3 147 49.1

Interpreting data 3 1.57 524

Formulating hypotheses 3 1.36 452

Controlling variables 3 1.81 60.4

Generalization 3 1.29 42.3

The scores for integrated inquiry skills were lower than basic scientific inquiry skills, ranging from 42.3
(generalization) to 60.4 (controlling variables). Among the integrated inquiry skills, low scores were observed for
“transforming data,“interpreting data,"“formulating hypothesis,”and “generalization."This is because of the limited
number of inquiry activities that primary students can plan and perform and because they learn integrated inquiry
skills in the fifth or sixth grade. Therefore, students do not have enough opportunities to acquire inquiry skills, such

as transforming and interpreting data, leading to low scores.
Mo-SPFA
As a result of analyzing textbook inquiry activities, three types of inquiry in primary school science textbooks

were identified: inquiry activity goals, activities, and thought contents. The Mo-SPFA consists of 3 questions. Table
4 shows the pre-Mo-SPFA content elements, and Figure 1 is the questionnaire to measure Mo-SPFA.

Table 4
Composition Pre-Mo-SPFA Content Elements

Contents
Inquiry activity analysis
element Item 1. Shadow and mirror _Item 2 . . ltem 3.
Separation of mixtures Life cycle of a plant

Learning objective Students recall an observable Students gain a better understanding of ~ Students recall a pattern in observa-

feature of an object, material, a scientific idea, concept, explanation, tions (e.g., a similarity, difference,

or event model, or theory trend, relationship)
What students have to do Present or display an object or Observe an aspect or property of the Use an observing or measuring
with objects and materials material object, material, or event instrument
What students must “do” Report observations using Make and/or test a prediction Identify a similarity or difference (be-
with ideas scientific terminology tween objects, materials, or events)
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Figure 1
A Part of the Mo-SPFA Questionnaire

The following is an excerpt from a science textbook. Read the content, understand the inquiry activities you need to perform,
and express them using pictures, text, diagrams, arrows, etc.

Changing the direction of light using mirrors

1. Stack wooden blocks at intervals to create a path, and place a doll and a flashlight
at the end of each path
2. Place mirrors here and there in such a way that light from the flashlight reaches the doll.

Observe how the light falls
on the mirror

materials D = & 8 U :B‘éb s il

Big mirror Flashlight Wooden block doll  Small mirrors Clamps

3. Let's trace the path of the light from the flashlight to the doll.

In Tables 5 and 6, for the elements of each question, connection and interconnectivity account for 3 points,
with the experimental design score being based on the item - question 1 for 4 points, question 2 for 7 points, and
question 3 for 5 points.

Table 5
Pre Mo-SPFA Scores
Question # Connections Experimental Design Interconnectivity
#1 0.35 0.63 0.06
#2 0.72 0.09 0.18
#3 0.40 0.99 0.10
Table 6

Percentage of Correct Answers for Each Experimental Design (Acquisition Score Ratio Value)

#1 #2 #3
Scores 15.30 14.10 19.80

As reported in Table 6, the scores obtained for connection and interconnectivity are extremely low, implying
that the students did not realize the connection between each phase of the inquiry process. They scored low on
experimental design as well, scoring less than 20 out of 100 points, although the school science classes covered
this aspect. This indicates a low awareness level of experimental design regarding the question, hypothesis, and
experiment, in addition to the elements connected to the inquiry process. Thus, it may be inferred that the current
scientific inquiry methods outlined in Korean science textbooks make it difficult for students to obtain scientific
inquiry skills and understand the inquiry process flow.

Development of the IAM Emphasizing Representation and Phases

ThelAM developed in this research was expected to improve primary students’ability to perform science inquiry
activities prescribed in their textbooks. Furthermore, it was expected to be easily used and modified by teachers
based on the curriculum flow. Therefore, it was necessary to develop the model based on the 2022 authorized
textbooks. The developed IAM was to be used within the existing science classes so that the students would not
be burdened with the content. The IAM content was given the highest priority among the inquiry activity types.
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The composition of the inquiry activities was based on orientation-conceptualization-investigation-conclusion-
discussion by integrating the inquiry process model developed by Pedaste et al. (2015) and the scientific practice
presented by the Next Generation Science Standards. During the activities, when an inquiry question was not
explicitly revealed, it was clarified in the inquiry process. Inquiry activities are shown in the order of inquiry design
and execution. In addition, textbook inquiry activities included both linear and non-linear activities. When develop-
ing the IAM, using representations, the researchers tried to change the textbook contents into easy-to-understand
information that the students could easily remember. Thus, the inquiry activities presented in the textbook were
expressed in simple sentences and organized systematically so that the students could read the sentences neces-
sary for carrying out the inquiry activity and undertake the representation process by expressing the activity in
pictures. For example, during an inquiry activity, students read the sentence, “l am making an electric circuit by
connecting batteries, wires, and switches”and drew a simple picture. The student could either draw a picture of a
battery, wire, or switch, or represent a picture connecting a battery, wire, and switch.

To verify the model validity, a validity test was conducted, and six experts were interviewed to review the IAM’s
relevance, effectiveness, and applicability. An overall positive scale of 0.83 or higher was obtained, indicating that
each IAM question is consistent with expert evaluation to a considerable extent. In addition, to examine the model
validity and its effectiveness for students’ inquiry activities, a pilot test was conducted based on the contents of
other grades with different achievement standards to derive improvement points. The results showed that some
students took a long time to express each stage of the inquiry activity through drawing. In fact, a tendency to focus
on the drawing was noted. The second program was modified to express the process of the inquiry activities in
various ways, using both pictures and text. The IAM is presented in Figure 1. From August to December 2022, the
model was introduced in four primary schools in different regions. Classes were conducted for the experimental
group with the IAM, while the control group took classes with the existing national textbooks, using the same
units and contents as the experimental group. All the conditions, such as the learning target level, content, and
achievement standard of both groups were similar. When applying the IAM, the participants were not informed
about their respective groups. To minimize the influence of teacher variables in the IAM, both groups were assisted
by the same teachers.

Effects of IAM Development
To verify the IAM’s impact on exploration ability, an independent sample t-test between the groups was con-
ducted. In addition, to determine the degree of improvement in exploration ability, a pre- and post-paired t-test
was conducted for each of the groups.
Analysis of Science Inquiry Ability
The independent samples t-test was performed on post-scores between the two groups. Table 7 presents
the results of the independent sample t-test to identify the statistically significant difference between the IAM and

each sub-factor. The significant changes are indicated in bold.

Table 7
Comparison of Post-TSPS Results between the Experimental Group and Control Group

Inquiry skills Group N m SD t p

Observation Experimental 83 1.65 0.50
2.646 <.001

Control 84 1.44 0.52

Classification Experimental 83 2.58 0.54
3.858 <.001

Control 84 2.20 0.70

Measuring Experimental 83 1.51 0.67
4137 <.001

Control 84 1.09 0.62

Inferring Experimental 83 211 0.75
1.993 <.001

Control 84 1.85 0.90
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Inquiry skills Group N m SD t p

Predicting Experimental 83 2.36 0.64
1.543 125

Control 84 219 0.80

Transforming data Experimental 83 1.83 0.78
2.021 <.05

Control 84 1.58 0.84

Interpreting data Experimental 83 2.08 0.72
3.375 <.001

Control 84 1.65 0.92

Formulating hypotheses Experimental 83 1.81 0.79
3.508 <.001

Control 84 1.36 0.83

Controlling variables Experimental 83 2.02 0.78
1.435 153

Control 84 1.84 0.88

Generalization Experimental 83 1.84 0.83
3.600 <.001

Control 84 1.35 0.92

In the areas of observation, classification, measurement, and prediction, the average scores of the experi-
mental group were 1.65, 2.58, 1.51, and 2.11, respectively, and of the control group were 1.44, 2.20, 1.09, and 1.85,
respectively, revealing that the average scores of the former to be higher than the latter. These differences are
statistically significant. Hence, the IAM proved to be effective in enhancing the inquiry ability of observation, clas-
sification, measurement, and inferring. In the predicting area of inquiry ability, the average of the experimental
group was 2.36, higher than the average of 2.19 of the control group. However, it is not statistically significant at
t=1.543 (p=.125).

Among the integrated inquiry abilities, the averages of the experimental group in transforming data, inter-
preting data, formulating hypotheses, and generalization were 1.83, 2.08, 1.81, and 1.84, respectively, relatively
higher than the averages of the control group, which were 1.58, 1.65, 1.36, and 1.35, respectively. These differences
are statistically significant. Thus, the IAM was found to be effective in enhancing the integrated scientific inquiry
ability, excluding controlling variables. The average of the experimental group in “controlling variables” was 2.02,
higher than the average of 1.84 of the control group. However, the two groups showed no significant differences
(t =1.435; p = .153). In the IAM, the number of inquiry activities dealing with variable control was small and the
effect was insignificant.

Table 8 shows that a paired samples t-test was performed on the pre- and post-scores of the inquiry skill of
both groups. The significant changes are indicated in bold.

Table 8
Results of the TSPS in the Group

Experimental group Control group
inauiy sidls Pre Post t p Norg:lrized Pre Post t p Norg;l;zed
Observation 1.27 1.65 5.482 <.001 0.52 1.35 1.44 0.844 402 0.09
Classification 2.05 2.58 4.869 <.001 0.56 212 2.20 0.522 603 0.07
Measuring 112 1.51 4.979 <.001 047 0.99 1.09 1111 270 0.10
Inferring 1.67 21 3.895 <.001 0.33 1.67 1.85 1.461 148 0.14
Predicting 2.02 2.36 3.140 <.01 0.35 2.15 219 0.091 928 0.02
Transforming data 1.35 1.83 4.060 <.001 0.31 1.36 1.58 1.651 103 0.12
Interpreting data 1.46 2.08 4.853 <.001 0.40 1.51 1.65 1.069 .288 0.08
Formulating hypotheses 1.23 1.81 4814 <.001 0.33 1.35 1.35 0.000 1.000 0.00
Controlling variables 1.71 2.02 3.359 <.01 0.31 1.76 1.84 0.490 625 0.05
Generalization 112 1.84 5.625 <.001 0.39 1.18 1.35 1.781 079 0.13
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In the experimental group, the average score improved from 1.27 to 1.65 in the observation aspect, from
1.12 to 1.51 in the measuring aspect, and from 2.02 to 2.36 in the predicting aspect. Hake Gain was found to be
effective in improving inquiry ability as it was distributed between 0.3 < g < 0.7, which is the middle-g area, in the
case of teaching with the IAM.

In the control group, the average score improved from 1.35 to 1.44 in the observation aspect, from 2.12 to
2.20in the classification aspect, and from 1.67 to 1.85 in the inferring aspect. By comparing the post-test averages
of both the groups in the basic inquiry skills it could be shown that the average score of the experimental group
was higher than the control group. Among the basic inquiry skills, the Hake Gain value of the classification aspect
was 0.56 and the observation aspect was 0.52. Therefore, the IAM can be considered appropriate for acquiring the
inquiry skills of observation and classification.

Among the integrated inquiry skills, the experimental group’s transforming data factor increased from 1.35
to 1.83, interpreting data from 1.46 to 2.08, and formulating hypotheses from 1.23 to 1.81. The IAM developed
with Hake Gain values of 0.40 and 0.39 in the areas of interpreting data and generalization, respectively, can be
interpreted as appropriate for acquiring the above-mentioned skills. In the control group, the average scores
improved for the transforming data factor from 1.36 to 1.58, interpreting data from 1.51 to 1.65, and controlling
variables from 1.76 to 1.82. However, these were not statistically significant. Comparing the mean scores of both
the groups for the integrated inquiry skills, the average score of the experimental group was found to be higher
than the control group in all areas.

Analysis of Mo-SPFA

To verify the effect of the IAM on students’ inquiry process flow, a post-test was conducted between the
groups, followed by a pre- and post-test analysis within both groups.

Further, an independent samples t-test for the post-scores was performed. Table 9 presents the results to
identify the statistically significant difference for each sub-factor. The significant changes are indicated in bold.

Table 9
Post-SPFA Score Results Between Groups Based on Questions

Experimental Control
t P
) m
Connection 1.25 0.29 8.559 <.001
#1 Experimental design 1.89 1.01 4.748 <.001
Interconnectivity 0.74 0.07 10.480 <.001
Connection 1.25 0.52 6.390 <.001
#2 Experimental design 2.95 142 4918 <.001
Interconnectivity 0.71 0.14 7.731 <.001
Connection 1.51 0.61 7911 <.001
#3 Experimental design 3.40 1.22 10.320 <.001
Interconnectivity 0.94 0.17 12.045 <.001

The average score for the SPFA Question 1 (Connection) was 1.25 for the experimental group and 0.29 for
the control one. This difference is statistically significant at t = 8.559 (p <.001). The average score for experimental
design was 1.89 for the experimental group and 1.01 for the control one. This difference is statistically significant
att=4.748 (p < .001). The average score in interconnectivity was 0.74 for the experimental group and 0.07 for the
control one. This difference is statistically significant at t = 10.480 (p <.001).

The average for SPFA Question 2 (Connection) was 1.25 for the experimental group and 0.52 for the control
one.This difference is statistically significant at t = 6.390 (p < .001). The experimental design score averaged 2.95 in
the experimental group and 1.42 in the control group. This difference is statistically significant at t =4.918 (p <.001).
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The mean of interconnectivity was 0.71 in the experimental group and 0.14 in the control one. This difference is
statistically significant at t =7.731 (p < .001).

The average score for SPFA Question 3 (Connection) was 1.25 for the experimental group and 0.52 for the
control one. This difference is statistically significant at t = 6.390 (p < .001). For the experimental design factor,
the average score was 2.95 for the experimental group and 1.42 for the control one. This difference is statistically
significant at t = 4.918 (p < .001). The mean of interconnectivity was 0.71 in the experimental group and 0.14 in
the control one. This difference is statistically significant at t = 7.731 (p < .001). These results indicate that the IAM
is highly effective for the inquiry skills corresponding to the goal, content, and idea of inquiry activity.

As a result of the IAM, the average of the experimental group was higher than that of the control group for
all the SPFA sections. Furthermore, the differences were statistically significant, particularly between the average
scores of the groups in the connection and interconnectivity sections. When analyzing students’ responses to the
SPFA, several presented inquiry problems during the experimental design phase. All the contents were connected
using numbers, lines, and arrows, hence, there was a flow. Thus, it can be discerned that after applying the IAM,
the students explicitly saw how each inquiry flow was organically connected to the other.

A paired samples t-test for pre- and post-scores in the group was performed. To verify the IAM’s effective-
ness, pre- and post-analysis of the SPFA was conducted, using questions 1, 2, and 3. The significant changes are
indicated in bold in Table 10.

Table 10
Score Results of the Pre-Post SPFA #1

Experimental group Control group

pre post t p pre post t p
Connection 0.46 1.27 8.676 <.001 0.22 0.29 0.973 333
Experimental design 0.79 1.91 7.303 <.001 0.78 1.01 1.882 .063
Interconnectivity 0.06 0.76 11.9 <.001 0.05 0.07 0.705 483

Table 10 shows the pre-and post-average scores for the connection factor of Question 1 in the experimental
group, which were 0.46 and 1.27, respectively, indicating an improvement in the score after applying the IAM. This
was similar to the experimental design factor, where the experimental group showed a pre-average and post-average
of 0.79 and 1.91, respectively. Further, for interconnectivity, the experimental group recorded a pre-average and
post-average score of 0.06 and 0.76, respectively. These differences were statistically significant at t =8.676 (p <.001),
t=7.303 (p <.001),and t =11.9 (p <.001), respectively. The significant changes are indicated in bold in Table 11.

Table 11
Score Results of the Pre-Post SPFA #2

Experimental Group

Control Group

pre post t P pre post t p
Connection 0.63 1.13 4.535 <.001 0.61 0.49 1.235 220
Experimental design 1.20 298 6.035 <.001 1.1 1.42 1.896 .062
Interconnectivity 0.10 0.75 9.756 <.001 0.18 0.14 0.726 470

Table 11 shows the pre- and post-average scores in the experimental group for the connection factor in
question 2, which were 0.63 and 1.13, respectively. For the experimental design factor, the experimental group
showed a pre-average of 1.20 and a post-average of 2.98. For the interconnectivity factor, the experimental group
had a pre-average of 0.10 and a post-average of 0.75, indicating an improvement after applying the IAM. These
differences are statistically significant at t = 4.535 (p<.001), t = 6.035 (p<.001), and t = 9.756 (p<.001), respectively.

The pre- and post-average scores for the connection factor in question 3 in the experimental group were
0.49 and 1.55, respectively. For the experimental design factor, the scores were 1.33 and 3.46, respectively. For the
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interconnectivity factor, the experimental group had a pre- and post-average score of 0.08 and 0.96, respectively,
indicating an improvement after applying the IAM. These differences were statistically significant at t = 11.417
(p<.001),t=10.517 (p<.001),and t = 15.911 (p<.001), respectively. In the experimental design factor, different per-
fect scores were used for each item. The score ratios were calculated and converted (Table 11). For question 1, the
experimental group’s before and after mean scores were 19.8 and 47.8, respectively. The score after the IAM was
higher than the average score before the model. For question 2, the score for the experimental group ranged from
17.1 to 42.6, while for question 3, it varied from 26.6 to 69.2. The score after the IAM was higher than the average
score before the IAM. The experimental group obtained more than 40 points in all post-test scores, regardless of
the questions, resulting in intermediate gain values of 0.35, 0.31, and 0.58, respectively, according to Hake Gain.
Thus, the IAM developed through this was statistically significant, with the experimental design factor of questions
1,2, and 3 being t = 7.303 (p<.001), t = 6.035 (p<.001), t = 10.577 (p<.001), respectively. In other words, the IAM
affected the experimental design factor.

In contrast, in the control group, the experimental design score was around 20 points, and no significant
difference was found from the pre-test. The analysis of the connection and interconnectivity elements indicated
that the students were aware of the interconnectivity of the inquiry process. However, they believed the inquiry
to be linear and non-circular. These results are consistent with the findings of previous research on gifted high
school students (Oh et al., 2021).

Discussion

When conducting scientific inquiry, students have difficulty performing integrated inquiry skills rather than
basic science inquiry skills. Additionally, they struggle to understand the flow of research as a whole. Therefore, in
this study, IAM was developed to reduce students’difficulties in inquiry textbook science. When providing guidance
on inquiry activities to students or setting up scaffolding in inquiry-based classes, teachers should offer specific
and explicit guidance (Balgopal et al., 2017; van Uum et al., 2017). In fact, an appropriate level of guidance can
reduce the uncertainty faced by students (Zhang, 2018). Therefore, the IAM sought to guide the inquiry activity
phase with explicit instructions regarding the necessary procedures or methods that help students perform dif-
ficult tasks (Kruit et al., 2018; Moon et al., 2017). The IAM developed in this research integrates the inquiry process
model developed by Pedaste et al., (2015) and scientific practice elements to clarify student awareness of the
connection and flow of the inquiry process when performing scientific inquiry activities. Moreover, the phases of
inquiry activities were explicitly revealed.

The |IAM provided students with an opportunity to reconstruct their thoughts by using representations when
conducting inquiry activities. Students were instructed to go through the process of representing inquiry activities
in various forms, such as texts and pictures, to understand them and acquire knowledge. Since strategies using
representations have been proven to be effective in inquiry-based classes, students should be provided with op-
portunities to reconstruct their thoughts using data, self-correct, and verify results (Fuhrmann et al,, 2018; Ryoo
& Bedell, 2019; Samarapungavan et al., 2017). In addition, when using various representations, learners’ problem-
solving ability increases, leading to ambiguous problems being solved (Kohl et al., 2007). Therefore, students can
clearly see what they need to do during the inquiry process, it is helpful to perform inquiry activities if various
representations are used for ambiguous activities.

Germann, Haskins, and Auls (1996) and Chinn and Malhotra (2002) argued that science textbooks based on
inquiry activities do not help develop students’ scientific inquiry skills. However, in this study, the overall ability
to perform inquiry skills increased when using the primary school textbook IAM. However simple predicting and
conducting inquiry activities do not improve the inquiry ability of prediction, similar to previous studies (Lee et al.,
2005), which showed a lower degree of understanding than other basic inquiry abilities. When learners observe
and experiment after anticipation, they have an opportunity to reinforce their answers by diagnosing and correct-
ing their misconceptions (Lee & Lee, 2010). Therefore, in this IAM, step-by-step guidance is needed to enhance the
inquiry skill of“predicting. Furthermore, the analysis of the Mo-SPFA indicated that some students understood that
the experiment was cyclical or non-linear and the IAM results varied depending on the learners’inquiry abilities.
The “experiment design” element received consistent high scores across all questions. Our analysis indicates this
experiment played a crucial role in enhancing students’ understanding of experimental design aspects, including
problem recognition, hypothesis formulation, inquiry design, and inquiry performance throughout the inquiry
process.

In the “interconnectivity and connections” element, it was more difficult for students to understand the flow
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of the inquiry process even if they understood that each phase was connected. Therefore, inquiry activities in text-
books must be presented as non-linear and cyclical activities to allow students to understand the inquiry process
flow. The IAM showed a greater effect on students with intermediate or lower-than-average achievements than
on students with extremely low or high levels of inquiry skills and inquiry process flow awareness. This is consis-
tent with the finding that students with low to moderate prior knowledge acquire more concepts than students
with low prior knowledge (van Riesen et al., 2018). Therefore, providing detailed and extensive guidance does
not guarantee effective learning. However, it can be effective to guide students who have a certain level of prior
knowledge to understand and apply content.

Conclusion and Implications

This study developed a primary science textbook IAM using representations to improve students’inquiry skills
and verified its effectiveness. First, students show difficulties with their inquiry skills while carrying out textbook
research activities. In particular, they struggled to perform integrated inquiry skills compared to basic ones. This
means that Korean primary school science textbooks have dealt with a lot of basic scientific inquiry skills, but that
there are almost no integrated activities in which students can directly plan and carry out scientific inquiry. In
addition, because integrated inquiry skills concern more factors compared to basic inquiry skills, primary school
science textbooks should be strengthened so that the integrated inquiry skill can be acquired through different
types of inquiry activities.

Second, students have difficulty understanding the flow of textbook inquiry activities. Students had low
awareness of the “connections” and “interconnectivity” of the inquiry activity process and did not clearly know
what “experiment design” elements were. Therefore, for primary school students who are still in the concrete and
formal operational stages, explicit phases must be provided to the students.

Third, students’inquiry skills improved as a result of applying an IAM that explicitly revealed the phases of the
inquiry process by emphasizing students’ own representations. In addition, understanding of the flow of textbook
research activities was improved. Overall, students’inquiry skills improved and their understanding of the flow of
the inquiry process increased, but it was especially effective for students with intermediate or lower-than-average
achievements. Based on this, the effect may be better if the IAM is applied to students with intermediate levels of
achievement who have difficulty performing textbook inquiry activities.

Based on these results, an IAM that can explicitly reveal the phases of the inquiry process by emphasizing
students’own representations is needed to improve student performance of science textbook inquiry activities. If
students have difficulties when teachers conduct inquiry using science textbooks in primary schools, the developed
IAM can be used to better apply inquiry activities. When each phase of inquiry is explicitly presented and students
are aided in performing inquiry activities using their own representations, students’ inquiry performance ability
and understanding of the inquiry process flow can be improved.
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