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Abstract - The purpose of this study is to develop and implement differentiated inquiry teaching to improve elementary school 

students’ abilities of scientific inquiry. Differentiated inquiry teaching is different from general inquiry teaching. Teachers 

consider students’ learning needs to provide different guides while they do inquiry.  In this study, a model of differentiated 

inquiry teaching was developed. The participants were sixteen students (age 10-12). They were divided into three categories 

(high-level, medium-level and low-level) based on their abilities of scientific inquiry. The data were gathered by inquiry 

ability questionnaire and classroom observation chart. The quantitative data were analyzed by t-test and the qualitative data 

were analyzed by classification and comparison. The results show that students’ abilities of scientific inquiry were improved 

after implementing differentiated inquiry teaching. High-level and medium-level students had capacity for doing inquiry, 

including observing and identifying, planning and executing, analyzing and finding, as well as discussing and communicating. 

However, low-level students only have basic scientific inquiry skills. They can make an observation and carry out a plan.  

They are not very good at explaining the data and communicating the results.  
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I. INTRODUCTION 

 

In order to enhance students' scientific inquiry 

abilities, it is necessary to encourage students to 

engage in scientific inquiry. Inquiry teaching is an 

effective strategy to provide students with inquiry 

[1]–[3]. In current scientific classes, inquiry teaching 

is not common. Even if teachers use inquiry teaching, 

they usually select one inquiry approach for all 

students.  

 

However, students have different interests, knowledge, 

abilities, attitudes, etc. Some students get supports to 

do inquiry. Others may be ignored or restricted. Like a 

situation, the teacher orders all medium-size uniforms 

for the students. For most students, the uniforms fit 

fine. For others, the uniforms are either too big or too 

small.  

 

A. Differentiated inquiry teaching 

 

For different students, there should be differences in 

teaching content, processes and outcomes [4]–[6]. 

Teachers need to consider students’ need and provide 

various subjects, inquiry approaches and assessments. 

Students with different scientific inquiry abilities are 

suitable for different approaches of inquiry [7]. 

 

Therefore, differentiated inquiry teaching is 

understandable and needs to be implemented. Several 

models of differentiated inquiry teaching were 

proposed by Llewellyn [8] (See Fig. 1 and Fig. 2).  

 

Four different ways of scientific inquiry, demonstrated 

inquiry, structured inquiry, guided inquiry and 

self-directed inquiry) were chosen to integrate into a 

new model.  

 
Fig. 1 Offering a choice of four types of inquiry assignments 

 

 
Fig. 2 Offering a choice of three types of inquiry assignments 

 

B. Scientific inquiry abilities 

 

In Taiwan, 12-year Basic Education is being 

promoting. The science curriculum guidelines indicate 

that scientific inquiry abilities include the process of 

problem solving. It identifies four phases of inquiry 

abilities as a learning structure for students. Llewellyn 

mentioned that the scientific inquiry can be divided 

into three major areas: the question, the procedure, and 

the results.  

 

These three areas can be further divided into seven 

segments. Each segment has its own set of inquiry 

abilities. This study refers to the inquiry abilities 

proposed by Llewellyn and corresponds to the science 

curriculum guidelines in the 12-year Basic Education 

[9], the observable behavior descriptions of the 
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scientific inquiry abilities were formed. (See Table 1)

12-year Basic Education Llewellyn  The observable behavior descriptions 

Observing and 

identifying 

Exploring a phenomenon 1. Observe a phenomenon or discrepant event. 

2. Consider the prior knowledge about the 

phenomenon.  

Focusing on a question 3. Make a list of several questions to investigate from 

the observations made. 

Planning and executing Planning the investigation 4. Identify the variables and constants needed to 

investigate the question. 

5. Design a controlled experiment or investigation to 

answer the question. 

6. Draw an illustration of the materials and setup for 

the investigation. 

7. Propose a hypothesis as to a predicted outcome of 

the investigation.  

8. Design a chart or table to organize the data to be 

collected during the investigation. 

Conducting the 

investigation 

9. Carry out the investigation.  

10. Record data in the proper column of the chart or 

table. 

Analyzing and finding Analyzing the data and 

evidence 

11. Graph the results. 

12. Determine if the data are biased or flawed in any 

way. 

13. Make a claim based on the evidence collected. 

Constructing new 

knowledge 

14. Form an explanation (or model) from the claim 

and supporting evidence.  

Discussing and 

communicating 

Communicating new 

knowledge 

15. Choose a means to communicate your explanation 

and findings to others. 

16. Discuss your results and conclusions with others. 

17. Engage in scientific argumentation, allowing 

others to critique your investigation and findings and 

provide counterclaims to your results. 
Table 1 The observable behavior descriptions of the scientific inquiry abilities 

 

When we implement inquiry teaching, students’ 

differences need to be respected. Students with 

different inquiry abilities need different assistance 

when conducting inquiry. In this study, a 

differentiated inquiry teaching was designed and 

implemented in an elementary school class. The 

purpose of this study is to investigate students’ 

scientific inquiry abilities in differentiated inquiry 

teaching setting. 

 

II. METHOD AND PROCEDURE 

 

A. Differentiated inquiry teaching Model 

 

A model of differentiated inquiry teaching was 

designed for a mixed-age classroom (See Fig. 3). 

Students are 9 to 12 years old. They are divided into 

four groups based on their scientific inquiry abilities. 

The differentiated inquiry teaching offers four types of 

inquiry assignments for each group.  

 

In the beginning, the teacher introduced how to do 

inquiry. Then, she had each group of students propose 

their own research question and the variables and 

carry out the experiments. In these processes, the 

teacher gave different guidance and assistance. 

 
Fig. 3 The model of differentiated inquiry teaching 

 

C. Instruments 

 

The scientific inquiry ability questionnaire and 

monitoring chart were developed to assess students’ 

scientific inquiry abilities. The questionnaire was 

implemented before and after differentiated inquiry 

teaching. The monitoring chart was used during three 

different periods (initial, medium and final period) of 

differentiated inquiry teaching  

The scientific inquiry ability questionnaire has 13 

questions. The correspondence between the 

questionnaire and inquiry ability phases is shown in 

Table 2. Two phases, “conducting the investigation” 

and “communicating new knowledge”, are related to 

students’ operation and dialogue. They need to be 

assessed in real situation and are not included in this 

questionnaire. For each question, the correct answer 

Introduction 

Structured 

 inquiry 
 

Guided  

Inquiry B 

 

Self-directed 

 inquiry 

Guided  

Inquiry A 
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gets 1 score and the wrong answer gets 0. The total 

scores are 13. Assign students' inquiry ability into 

three categories according to the score, including low 

inquiry ability (0-4), medium inquiry ability (5-8) and 

high inquiry ability (9-13). Two science educators and 

two elementary school science teachers reviewed and 

provided suggestions for revision. 92 fifth grade 

students were invited to fill in the questionnaire. The 

Cronbach αis .92.  

The scientific inquiry ability monitoring chart has 17 

items. The correspondence between the monitoring 

chart and inquiry ability items is shown in Table 2. N 

(Not observed) and O (observed) were used to mark 

students’ performance and scored as 0-1. The teaching 

process was divided into three periods, including 

initial period, medium period and final period. During 

each period, the monitoring chart was used to observe 

students’ performance of doing scientific inquiry.  

  
12-year Basic Education Llewellyn (2011) The item in the scientific 

inquiry ability questionnaire  

The item in the monitoring chart 

Observing and 

identifying 

Exploring a phenomenon 1、2 1、2 

Focusing on a question 3、4 3 

Planning and executing Planning the investigation 5、6、7、8、9 4、5、6、7、8 

Conducting the 

investigation 

 9、10 

Analyzing and finding Analyzing the data and 

evidence 
10、11、12 11、12、13 

Constructing new 

knowledge 

13 14 

Discussing and 

communicating 

Communicating new 

knowledge 

 15、16、17 

Table 2 The correspondence between the questionnaire and monitoring chart and inquiry ability items 

 

D. Participants 

 

There are 16 students (age from 10 to 12) participated 

in this study. They took an 18-week science course, 

two hours a week. The students were divided into low, 

medium and high inquiry ability by the results of the 

scientific inquiry ability questionnaire in the pre-test 

(Table 3).  

 

 Inquiry ability 

 High Medium Low 

Number of student 3 10 3 
Table 3 Students’ inquiry ability 

 

III. FINDINGS 

 

The table 4 contains descriptive statistics of the 

scientific inquiry ability questionnaire and the table 5 

contains descriptive statistics of the scientific inquiry 

ability monitoring chart. All students’ inquiry abilities 

were improved in varying degrees through 

differentiated inquiry teaching. Especially, the low 

inquiry ability students had the most progress. The 

development of students’ inquiry ability is discussed 

below. 

 

(1) Observing and identifying 

 

High and medium inquiry ability students were able to 

make an observation and pose a question from their 

observation at the beginning. Their ability of 

observing and identifying was becoming more 

proficient in the process of differentiated inquiry 

teaching. As shown in Table 6, these students 

provided more detail descriptions to express their 

observations and asked more questions to initiate 

inquiry. About low inquiry ability students, they had 

no idea of observing a phenomenon or discrepant 

event and asking the questions from it before teaching. 

They gained these abilities from differentiated inquiry 

teaching. However, their observations and questions 

were simpler than other students. 

 

(2) Planning and executing 

 

High inquiry ability students demonstrated their 

ability to plan an investigation and conduct the 

investigation in both pre-test and post-test of the 

scientific inquiry ability questionnaire. They had 

similar performance when they did inquiry in the class. 

However, medium and low inquiry ability students 

gradually developed their abilities of planning and 

executing during differentiated inquiry teaching. Most 

of them learned to identify the variables, predict an 

outcome and design a chart or table to organize the 

data. Furthermore, medium inquiry ability students 

took the materials needed to carry out the investigation. 

Interestingly, some low inquiry ability students listed 

the materials they needed for the experiment (Fig. 4), 

but cannot pick up the appropriate materials from the 

options in the scientific inquiry ability questionnaire. 

Too many options affected their judgment.  

 

(3) Analyzing and finding 

 

Most of high inquiry ability students already knew 

how to analyze data and make meaning from the data 

before teaching. Their abilities were more 
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sophisticated after teaching. For medium and low 

inquiry ability students, analyzing data was easier than 

interpreting data. Through differentiated inquiry 

teaching, most of them were able to determine if the 

data is biased or flawed. However, some of medium 

inquiry ability students and most of low inquiry ability 

students were difficult to seek relationships among the 

variables and draw a conclusion based on the data. As 

shown in Fig. 5, the results were inconsistent with the 

data and no further explanation was given. In Fig. 6, 

the student only made a claim, but did not provide any 

evidence and explanation.  

 

(4) Discussing and communicating 

In the initial period, only high inquiry ability students 

can make a clear report to communicate their finding. 

With teacher’s guidance and practice, most of medium 

and low inquiry ability students had the courage to 

stand in front of their peers and had the ability to 

report the results using posters or slides (Fig. 7). 

Furthermore, all high inquiry ability students and 

some medium inquiry ability students were able to 

defend their findings. However, low inquiry ability 

students were silent when their peers asked the 

questions. 

 
 High inquiry ability Medium inquiry ability Low inquiry ability 

 Pre-test Post-test Pre-test Post-test Pre-test Post-test 

Observing and identifying (*4) 3.7(0.3) 4.0(0) 2.8(0.2) 3.8(0.1) 0(0) 3.3(0.3) 

Planning and executing (*5) 5.0(0) 5.0(0) 2.1(0.3) 3.5(0.2) 1.3(0.3) 4.0(1.0) 

Analyzing and finding (*4) 3.7(0.3) 4.0(0) 1.9(0.1) 2.5(0.3) 1.7(0.7) 2.7(0.3) 

Total 12.3(0.7) 13.0(0) 6.8(0.3) 9.8(0.4) 3(0.6) 10(0.6) 

The value is M(S), *number of questions 
Table 4 The descriptive statistics of the scientific inquiry ability questionnaire 

 

 
The value is M(S), *number of questions 

Table 5 The descriptive statistics of the scientific inquiry ability monitoring chart 

 

 
 student Pre-test Post-test 

The content 

of student’ 

observation 

S05010302 The kiwi sinks, the peaches and 

apples float. 

The kiwi sinks to the bottom, the peach does not 

float up and does not sink, the position is at the 

junction of water and air. One third of the apple 

floats on the water. 

S05020102 Peach and apple float up, and 

kiwi sinks in the water. 

The surface of apples and peaches is smooth, while 

the surface of kiwifruit has a lot of hair. The kiwi is 

sinking in the water, and the apples and peaches 

float on the water. 

Research 

question 

S05020101 Cut the fruits in half.  Different kinds of fruit, different kinds of liquid, 

and different height of water level 

S06010305 Different kinds liquid. Different kinds of liquid, fresh fruit or not, and 

different water temperature. 

Table 6 Students’ performance of observing and identifying 
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III. CONCLUSION 

 

Differentiated inquiry teaching emphasizes students’ 

difference, especially their inquiry ability. Teachers 

should provide different approaches of inquiry and a 

varying degree of teacher and student involvement 

according to the needs of students with different 

scientific inquiry abilities. In this study, students’ 

inquiry abilities were improved through differentiated 

inquiry teaching. Medium and low inquiry students 

have learned how to do scientific inquiry. They have 

basic abilities to observe a discrepant event, ask 

questions, plan and carry out investigation. Making an 

explanation and drawing a conclusion were difficult 

for both of medium and low inquiry ability students. 

Furthermore, low inquiry ability students used simpler 

words and shorter sentences to show their ideas and 

the inquiry process and findings. When defending 

their own ideas, low inquiry ability student would 

keep silence while medium inquiry ability students 

would give illustrations.  

For high inquiry ability students, they already knew 

how to do scientific inquiry initially. Through 

differentiated inquiry teaching, they were more 

proficient in inquiry. They described things in more 

detail and posed several research questions based on 

their observation. Some of them proposed the models 

or formulas to present their data. When 

communicating the conclusions, they expressed their 

thoughts and responded to the criticisms from their 

peers.  

In general, in differentiated inquiry teaching, medium 

and low inquiry ability students had opportunities to 

develop basic inquiry abilities. High inquiry ability 

students acquired more support to try their ideas and 

refine their inquiry abilities.  
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