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The general aim of this action research was to offer ways of making science and 

technology education more effective and solving problems in the related field. 

The specific purpose was to determine how inquiry-based learning supported by 

instructional technologies improves students’ achievement and develops their 

scientific inquiry skills. Taking into consideration the literature and the interest 

areas of the researchers, the inquiry-based 5E instructional model was embedded 

in a new framework of 4W questions (“What will I learn?”, “Why will I learn?”, 

“With what will I learn?”, and “What have I learned?”) and supported by 

instructional technologies involving specific stages with standard applications for 

solving problems. The implementation was carried out at the seventh-grade level 

in a Turkish middle school in a semester. The participants were a researcher-

teacher and six students (two girls, four boys). According to the results, the 

students’ science achievement and scientific process skills developed. This 

implementation effectively addressed students’ affective learning areas, such as 

their attitudes, motivation, sense of responsibility, and values in relation to the 

learning environment. It is hoped that the results of this research will offer 

insights for researchers and practitioners. 
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Introduction 

With the advancement of science and technology, teacher-centered classical approach used in educational 

environments has been replaced by active learning approach. One of the active learning approaches is inquiry-

based learning. Inquiry-based learning is based on the pragmatism philosophy developed by Charles Sanders 

Pierce, William James, and John Dewey in the early 20th century (Bakır, 2006). This learning approach, which 

has been included in science teaching programs for a long time (American National Research Commission 

[NRC], 1996) and maintains its popularity (Shahali, Halim, Treagust, Won, & Chandrasegaran, 2017), is 

defined by NRC as follows: 

Inquiry is a multifaceted activity that involves making observations; posing questions; examining books 

and other sources of information to see what is already known; planning investigations; reviewing what is 

already known in light of experimental evidence; using tools to gather, analyze, and interpret data; 

proposing answers, explanations and predictions; and communicating the results. Inquiry requires 

identification of assumptions, use of critical and logical thinking, and consideration of alternative 

explanations (NRC, 2000, p. 23). 

Inquiry-based learning categorized as open-ended, guided, compound, and structured (Lustick, 2009; Martin-

Hansen, 2002). Different types of inquiry-based learning are used in accordance with the characteristics and 

needs of the topics to be covered in science classes (Sadeh & Zion, 2012). The 5E Model, consisting of 

engagement, exploration, explanation, elaboration, and evaluation, is one of the ways of organizing inquiry-

based science courses using inquiry-related skills (Melber, 2004; Kim, 2011). In this model, each step is built on 

the previous one (Warner & Myers, 2011). The details of the implementation of these steps are given below 

(Bybee, 2002): 

(1) Engagement: The teacher tries to identify students’ existing knowledge and misconceptions about the

target subject. S/he introduces the subject in a way that draws students’ attention and presents direct

questions about the subject to be covered. The aim here is not to find the right answer but to engage

students’ minds. The question, “How can I explain this?”, forms the basis of this stage.

(2) Exploration: Students conduct experiments either individually or through questions that engage their

minds or utilize a source (e.g., books and computers). In this way, students have the opportunity to
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share their ideas with others. As a result of the implemented activities, students may become aware of 

their deficiencies related to their pre-existing conceptualizations. Misconceptions can be remedied at 

this stage. Thus, at the basis of this stage is the question, “How can misconceptions be eliminated?”. 

(3) Explanation: Based on their experience, students explain their scientific terms and concepts in formal 

language. In cases where students think they are inadequate, the teacher can provide explanations at the 

basic knowledge level. The basis of this stage is how to make scientific explanations. 

(4) Elaboration: Students apply the knowledge and skills they have acquired to new situations. “How to 

apply what has been learned to different situations?” is the fundamental question underlying this stage. 

(5) Evaluation: A short assessment is undertaken to reveal what students have learned. Students are 

encouraged to use the knowledge and skills they have acquired in future activities. The question, “How 

do students apply their scientific conceptualizations and skills?”, forms the basis of this stage. 

 

The skills required for inquiry-based learning are called science process skills (SPSs). These skills appear not 

only in science but also in everyday life (Tan & Temiz, 2003). SPSs are defined as skills that facilitate students’ 

learning, provide them with the ability to research, allow them to be active in the learning environment and 

develop a sense of taking responsibility in their learning, and increase the retention of learned information. 

These skills are examined in the following three groups: Basic skills are related to observation, measurement, 

classification, data recording, and establishing numerical and spatial relationships. They provide the basis for 

the development of higher-level competencies. Causal skills concern prediction, identification of variables, and 

making inferences. These skills include the creation of testable hypotheses. Experimental skills require a high 

level of thinking, such as building hypotheses, constructing models, experimenting, changing and controlling 

variables, and decision making. These skills are a continuation of what has already been gained (Ayas, Çepni, 

Akdeniz, Özmen, Yiğit, & Ayvacı, 2005). 

 

Although inquiry-based learning contributes to students’ cognitive and affective traits, such as their achievement 

and inquiry skills and attitudes (Acar Sesen & Tarhan, 2013; Cabe Trundle, Atwood, Christopher, & Sackes, 

2010; Furtak, Seidel, Iverson, & Briggs, 2012; Hofstein, Navon, Kipnis, & Mamlok-Naaman, 2005; Lazonder & 

Harmsen, 2016), there are some difficulties in the implementation of this method,  which  results from lack of 

time, teacher beliefs, availability of materials and motivation, pedagogical deficiencies, administrative 

problems, overcrowded classes, and security problems (Cheung, 2011; Edelson, Gordin, & Pea, 1999). In 

addition, teachers face the challenge of needing to develop more skills to effectively implement inquiry-based 

learning. Since teachers are involved in students’ decision-making, inquiries, research and communication with 

their peers, they should have knowledge of the field and the ability to think quickly (Jarrett, 1997, p. 25). A 

recent study revealed that teacher candidates had difficulty in designing and implementing an inquiry-based 

learning process (Talanquer, Tomanek, & Novodvorsky, 2013). Similarly, other researchers reported that many 

inquiry-based activities undertaken in schools were not sufficient to capture the distinguishing features of 

authentic scientific research (Chinn & Hmelo-Silver, 2002), and scientific research widely conducted in schools 

differed from real scientific research in terms of qualitative aspects (cognitive processes and the underlying 

philosophy of knowledge) (Chin & Malhotra, 2000). Some researchers (Lederman et al., 2014; Schwartz, 

Lederman & Lederman, 2008) criticized the idea that merely performing inquiry-based activities would improve 

students’ understanding of how to conduct scientific research. In addition, it was found that providing students 

with an authentic research environment by engaging them in the process produced more effective results than a 

teacher-centered approach in which students were taught what research was and how it was undertaken (Lustick, 

2009; Rendall, 1996). 

 

Students need to possess certain knowledge and skills in order to understand the purpose of activities carried out 

in the inquiry-based learning process, obtain data, and analyze and interpret the collected data. Having an 

insufficient level of such knowledge and skills prevents meaningful learning (Edelson et al., 1999). At this 

point, technology can be incorporated into the learning process. In science courses at middle school level, digital 

images and videos, computer simulations, deepening software, online data acquisition for scientific analysis, 

web-based inquiry projects, and virtual science classes can be used (Bell, Gess-Newsome, & Luft, 2008). 

Beishuizen, Wilhelm, and Schimmel (2004) suggested that research skills students should have for effective 

learning; e.g., monitoring two or more variables when constructing a hypothesis, were difficult to understand for 

sixth-graders aged nine to ten years, and the development of these necessary skills could be supported using 

computer simulations. Similarly, de Jong (2006) stated that computer simulations could help improve skills 

utilized in the inquiry cycle, related to hypothesizing, determining variables and the relationships between them, 

making inferences, and interpretation. In cases where the classroom environment is not appropriate for data 

collection (Lee & Songer, 2003; Uçar & Trundle, 2011), the use of technology in the learning process promotes 

the visualizing of the lesson, facilitates the work of the teacher, and widens the perspective of students 

(Bozdoğan, 2011). Technology incorporates students into the learning process by allowing them to establish 
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strong links between independent, cumulative information held in their mind and transfer this knowledge to new 

situations (Novak & Krajick, 2006).  

 

Although technology-supported inquiry-based learning is considered to be more effective (Edelson et al., 1999; 

Uçar & Trundle, 2011; van Joolingen, de Jong, & Dimitrakopoulout, 2006), it is difficult to adopt this method, 

especially in rural areas due to the digital divide defined as regional inequality in the availability of information 

and communication technologies (Gündüz, 2010; Koyunlu Ünlü, Dökme, & Sarıkaya, 2014; Turkish 

Telecommunications Authority [TTA], 2002; Yang et al., 2013). Furthermore, financial hardships experienced 

especially in rural areas make it difficult for students to visit museums and science centers that offer authentic 

learning. Providing opportunities for these students to develop their scientific research skills and integrating 

scientific research into technology constitute the basis of the equality principle in education. Engaging in simple 

activities, such as showing an advertisement, a short video or pictures, can also help create an authentic learning 

environment.  

 

The current research aimed to investigate the effects of the proposed technology-supported inquiry-based 

learning program on the science and technology course achievements and scientific research skills of middle 

school students in a rural area. It also aimed to reveal the changes in the students’ views and perceptions 

concerning inquiry and technology following the implementation of this program. This study is important in 

terms of filling a gap in the literature related to research in rural areas in Turkey through its objective to provide 

a new perspective for in-service and pre-service teachers in similar contexts. Thus, the main research question 

was defined as, “What are the effects of the proposed technology-supported inquiry-based learning application 

on the science and technology course achievements and scientific research skills of middle school students in 

the rural setting?” Accordingly, the sub-problems of the research were defined as follows: 

 

 (1) How did this application affect the students’ achievements in the science and technology courses?  

 (2) How did the students’ scientific process skills change after the implementation? 

 (3) What did the participants (teacher and students) think about the implementation? 

 

 

Method 

 

Research Model 

 

This study was designed as action research to improve the quality of the learning process. Action research can 

be defined as “any systematic inquiry conducted by teacher researchers, principals, school counselors, or other 

stakeholders in the teaching-learning environment, to gather information about ways that their particular schools 

operate, how they teach, and how well their students learn.” (Mills, 2007, p. 5). In action research, both 

qualitative and quantitative data collection techniques can be used (Bogdan & Biklen, 1982). The stages used in 

the current action research used were identified from the relevant literature and are presented in Figure 1. 

 

 
Figure 1. Stages of the current research 

 

1. Identifying 
problems 

2. Developing an 
action plan 

3. Implementing the action plan and 
collecting data 

Implementation of pre- and post-tests 

- Achievement tests (The Systems of our 
Body, Force and Movement, Electricity in our 

Life) 

- Science Process Skills open-ended questions 

- Interviews (perceptions of inquiry and 
technology) 

Process (5E model embedded in a new 
framework of 4W questions) 

- Teacher and student diaries 

- Workbook activities 

4. Analyzing and 
interpreting data 

5. Implementing 
recommendations 
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The stages presented in Figure 1 were specifically developed by the researchers of the current study. The 

research began with a focus on solving existing problems. The teacher, who had the role of both a researcher 

and a practitioner, had worked for six years in the school chosen for the research. She had taught the science and 

technology course for a year in the selected class according to the teacher’s guide to teaching the sixth-grade 

lesson plans within the framework of the curriculum program developed by the Ministry of National Education 

(MoNE) and the Board of Education and Discipline. In the book, each unit is dedicated to a specific topic 

organized according to the 5E Model based on the constructivist approach. There are also suggested activities in 

the book. Based on her observation and experience, the teacher identified that she encountered the following 

problems in teaching in relation to this model: 

 

(a) Students’ awareness of what, why and with what to learn included in the 5E model proposed in the program 

is not at the desired level.  

(b) Students are less motivated when only science and technology textbooks are used during course work.  

(c) Students are not aware of the importance of conducting scientific research in science courses;  the majority 

of students consider that research is merely about printing something or finding a picture somewhere related to 

the topic and gluing it on a piece of paper. 

(d) Students are not familiar with the use of technological equipment due to the location of the school and their 

families having a low socioeconomic status; although they are very willing to use computers to  access 

information when doing homework, they do not have sufficient resources to achieve this.  

 

Table 1. Template lesson plan 

What will I learn? 

Engagement: 1. The name of the unit and subject and gains are presented to the students. Preliminary 

knowledge of the students is determined and any deficiencies are eliminated. 

Why will I learn? 

2. Students are asked why they will learn this subject. Examples are given from daily life related to the 

subject. Where appropriate, examples are brought to the class. Students are encouraged to engage in practice 

on these examples, create problems in their minds and think about these problems. For items that cannot be 

brought to the class, photos can be shown with a PowerPoint presentation to create a discussion environment 

for students. In this section, the teacher draws attention to the subject and motivates students to learn about the 

new subject by asking questions related to daily life that will increase their interest. 

3. Videos from daily life related to the subject are shown to generate the problem in students’ minds. The 

identified problems are discussed through these videos.  

With what will I learn? 

Exploration: 4. The activities included in the science textbooks and organized by the researchers in 

accordance with the steps of scientific research specified by the National Science Teaching Association 

(NSTA) are undertaken by students. 

5. Videos, simulations and/or animations related to each activity are shown to students. 

Explanation: 6. Students are encouraged to provide written/verbal explanations based on their experiences in 

the exploration stage.  

Elaboration: 7. Students are encouraged to engage in activities to deepen their knowledge of the subjects 

they have learned. These activities are supported by visual materials, such as computer simulations, 

animations, photographs, films, and documentaries that are available to the researcher. 

What have I learned? 

Evaluation: 8. The changes in the knowledge of students throughout the implementation process are 

evaluated. 

 

Table 1 shows the template of the lesson plan used in this research. In the development of an action plan, the 

problems identified by the researcher, her interest areas, and the related literature were taken into consideration. 

In light of this information, the following actions were taken to resolve the identified problems: 

 

(a) The inquiry-based instructional 5E Model was reframed using the 4W questions of “What will I learn?”, 

“Why will I learn?”, “With what will I learn?”, and “What have I learned?” and supported by instructional 

technologies (videos, animations, and simulations); then, the course plans were revised according to the updated 

model. This aimed to increase the students’ awareness and motivation about what, why and how they would 

learn, reduce course work by relying solely on textbooks, and integrate technology with science. 

(b) Tests were prepared to evaluate student achievements.   

(c) Scientific research activities were performed to monitor the changes in the scientific research skills of the 

students.  
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(d) The teachers and the students recorded their thoughts and feelings about the implementation in a diary in the 

last 10 minutes of each class hour. 

 

The data were collected during one academic term. Fifty-six hours of this period were devoted to the application 

of inquiry-based learning supported by instructional technologies, six course hours were allocated to 

achievement tests and two course hours to the administration of open-ended questions for SPS. Each lesson hour 

was 40 minutes. 

 

 

Data Collection Tools 

 

Quantitative Data Collection Tools 

 

In this research, in order to evaluate student achievements, multiple-choice (four options) achievements tests 

were prepared for the following course units: the systems of our body, force and movement, and electricity in 

our life. The achievement tests developed were administered to the students at the beginning and end of each 

unit. In the development of these achievement tests, the following steps were undertaken (Atılgan, Kan, & 

Doğan, 2013): (1) Identifying the purpose of use for the test scores, (2) determining gains, creating the table of 

specifications, and preparing draft items, (3) reviewing the draft items, (4) preparing the draft test form, (5) 

implementing the draft test, and (6) selecting items for the final test based on the results of item analysis on the 

draft version. The test forms prepared for the systems of our body” (40 questions), force and movement (38 

questions), and electricity in our life (37 questions) were administered to 187, 202 and 212 seventh-grade 

students, respectively and had measurement reliability (KR-20) values of 0.88, 0.87, and 0.86, respectively. 

During the development of the tests, 27% of the number of students who answered the test was calculated. The 

upper and lower groups were determined. The item difficulty index (p) and item discrimination index (r) of each 

item were calculated from the scores of the upper and lower groups. After the calculations, items with a 

substance discrimination index of 0.30 and above and a substance difficulty index between 0.20 and 0.81 were 

taken to the final test. 

 

The SPS self-evaluation form consisting of six open-ended questions prepared by the authors to determine the 

students’ SPS was applied to the participants before and after the application. These questions measured the 

students’ ability to record data, process and model data, interpreting data and making inferences, identify 

variables, and construct hypotheses. In the process of developing open-ended questions related to SPS, the 

science subjects from the previous year and expert opinions (Ph.D. in science education) were taken into 

consideration. The experts did not change the number of questions and the skills measured by the questions. 

They only offered suggestions in terms of narration. The pilot implementation of the questions was conducted 

on a similar group. The students’ responses to these questions were digitized by scoring. Through these 

questions, the changes in the students’ ability to record data, process and model data, interpret data and make 

inferences, identify variables, and hypothesize were monitored. 

 

 

Qualitative Data Collection Tools 

 

Qualitative data were collected through the following documents: teacher and student diaries and the SPS self-

evaluation form related to scientific research activities. The diaries kept by the teacher and the students aimed to 

reveal their thoughts on the implementation of technology-supported inquiry-based learning. The last ten 

minutes of each class was dedicated to this activity. During the implementation process, a total of seven, ten and 

13 scientific inquiry activities were carried out in relation to the systems of our body, force and movement and 

electricity in our life units, respectively, and at the end of each activity, the students were asked to mark the SPS 

they used during each activity in the SPS self-evaluation form. 

 

 

Data Analysis  

 

As it was open-ended, the data obtained from the SPS test was first analyzed by content analysis and then 

digitized and converted into quantitative data. The data obtained from the achievement tests and SPS open-

ended questions were analyzed at the significance level of α = 0.05 using the Statistical Package for the Social 

Sciences (SPSS) v. 15. Since there were six participant students, as a non-parametric statistical analysis, the 

Wilcoxon signed-rank test values were calculated for the comparison of data (Wilcoxon, 1945). The responses 

to the open-ended SPS questions and the data from the teacher and student diaries were examined using content 
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analysis. During this process, the logs were first dumped, read over and over again, and first codes and then 

categories were formed. The data obtained from the SPS self-assessment forms were digitized, and the average 

values of the skills used by all students in each scientific research activity were recorded. 

 

 

Ethical Issues 

 

Since the selected school was a public school operating under MoNE, the “Directive for the Approval and 

Implementation of Research and Research Support in Schools and Institutions Affiliated to the Ministry of 

National Education” (MoNE, 2006) was followed. Before the implementation of the program, official 

permission was obtained from MoNE, and the parents of the students were informed about the aim, duration and 

content of the research and signed a written informed consent form stating that they agreed to their children’s 

participation in research. Similarly, the students provided their written consent as voluntary participants.  

 

 

Validity and Reliability of the Research  

 

The researcher had been engaged in this research field for seven years. The implementation took 4.5 months 

One of the strengths of this research was that the researcher conducted the study in her own school and class 

with her own students. Multiple data collection tools were used to provide data diversity and reliability in the 

study (Johnson, 2014; Patton, 2002). During the development of lesson plans and data collection tools, opinion 

was obtained from different experts with a PhD degree and experience in teaching. Two lecturers and two 

teachers were consulted at all stages of the implementation in order to minimize the bias of the researcher. Two 

researchers (authors) individually performed coding and met at specific time intervals to discuss and reach an 

agreement on the codes, categorizations, and themes. 

 

 

Results  
 

Effect of the Implementation on Student Achievement  

 

The Wilcoxon signed-rank test was conducted to determine whether there was a change in the students’ average 

scores in the pre- and post-tests related to their achievement in the systems of our body, force and movement, 

and electricity in our life course units. The results of these tests are presented in Table 2. 

 

Table 2. Results of the Wilcoxon signed-rank test on the students’ pre- and post-implementation achievement 

scores 

Achievement 

tests 

Post-test- 

pre-test 
Mean rank Rank sum z p r 

The Systems 

of Our Body 

Negative rank .00 .00 2.2 .028 0.63 

Positive rank 3.5 21    

Tied      

Force and 

Movement 

Negative rank .00 .00 2.02 .04 0.58 

Positive rank 3 15    

Tied      

Electricity in 

Our Life 

Negative rank .00 .00 2.2 .02 0.58 

Positive rank 3.5 21    

Tied      

 

As shown in Table 2, there was a statistically significant difference between the students’ pre-test and post-test 

scores in favor of the latter with the following values: z = 2.2, p < .05, and r = 0.58 for the systems of our body; 

z = 2.02, p < .05, and r = 0.58 for force and movement; and z = 2.2, p < .05, and r = 0.58 for electricity in our 

life. Thus, the implementation improved the participants’ academic achievement. 

 

 

Effect of the Implementation on the Participants’ Views on Inquiry 

 

The second sub-problem of the study aimed to reveal the effect of implementing technology-supported inquiry-

based learning on the students’ SPS. For this purpose, the SPS open-ended questions were administered to the 
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students as pre- and post-tests, and the scores obtained were subjected to Wilcoxon signed-ranks test in SPSS 

software (Table 3).  

 

Table 3.  Results of the Wilcoxon signed-rank test on the students’ pre- and post-test scores in the SPS 

evaluation form 

SPS 
Post-test- 

Pre-test 
Mean rank Rank sum z p r 

Data recording 

Negative rank .00 .00 2.07 0.3 0.6 

Positive rank 3 15    

Tied      

Data processing 

and modelling 

Negative rank .00 .00 3.17 .00 0.91 

Positive rank 6.5 78    

Tied      

Interpreting data 

and making 

inferences 

Negative rank .00 .00 2.42 .01 0.7 

Positive rank 4 28    

Tied      

Identifying 

variables 

Negative rank .00 .00 2.87 .00 0.83 

Positive rank 5.5 55    

Tied      

Constructing 

hypotheses 

Negative rank .00 .00 2.58 .01 0.74 

Positive rank 4.5 36    

Tied      

 

There was a significant difference between the students’ pre-test and post-test scores obtained from the SPS 

self-evaluation form, and this was in favor of the post-test scores. The values calculated for each investigated 

SPS were as follows: z = 2.07, p < .05, r = 0.6 for data recording, z = 3.17, p < .05, r = 0.91 for data processing 

and modeling, z = 2.42, p < .05, r = 0.7 for interpreting data and making inferences, z = 2.87, p <.05, r = 0.83 for 

identifying variables, and z = 2.58, p <.05, r = 0.74 for constructing hypotheses. Thus, the implementation 

improved the students’ SPSs. Figure 2 shows the students’ use of SPSs in scientific research activities by unit. 

This finding was obtained from the self-assessment form completed by the students after performing the 

activities. 

 

 
 Figure 2. Students’ use of SPSs according to course units 

 

0 5 10 15 20 25 30

Presentation

Interpretation and conclusion

Data processing and modeling

Saving data

Measuring

Operational definition

Recognition and use of experimentation materials

Designing experimentation

Setting up experimentation

Hypotezing

Controlling and using variables

Defining variables

 Availability heuristic

Estimate

Inference

Comparison and classification

Observation

Unit 1. The systems of our body Unit 2. Force and movement Unit 3. Electricity in our life
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As shown in Figure 2, the students’ use of SPSs in the activities of the systems of our body, force and 

movement, and electricity in our life units increased throughout the implementation. 

 

 

Participants’ Views on the Implementation 
 

The third sub-problem of the study aimed to reveal the participants’ views concerning the implementation of 

technology-supported inquiry-based learning. The teacher’s views on the implementation were categorized 

under the headings of scientific research/activities, technology, workbook activities, and awareness of SPSs. 

The teacher (first author) stated that the students were willing to conduct scientific research activities, but the 

available course hours were not sufficient. In addition, she commented that technology used in the classroom 

increased students’ interest in the lessons. 

 

There is limited time for practice in science lessons…The students liked the technology used. I think 

the final animation is more effective and enjoyable than the ones written in Power Point.  

 

The teacher also reported that the students enjoyed watching animations, which provided more permanent 

learning, and using videos in teaching increased the students’ motivation and quality of learning. 

 

  The course went well. Students watched videos very carefully.  

 

She considered that the students had difficulty carrying out the activities in the workbook, which she attributed 

to their lack of understanding of what they read. 

 

There is difficulty in reading and understanding activities. Even at guided events, they ask, How do we 

do that?  

 

Table 4. Students’ views on the learning environment 

Category  Sub-category Code  Frequency 

Attitudes 

General attitude toward the teaching of 

the course  

Entertaining 29 

Enjoyable 7 

Understandable 2 

Desirable 33 

Good 30 

Excellent 2 

Exciting 1 

Moderate 1 

Attitude toward the scientific inquiry 

activities undertaken during the course 

Reinforces learning  4 

Facilitates learning by doing 1 

Makes learning interesting 2 

Makes learning fun 2 

Satisfying  1 

Nice to create a product  1 

Not fun 1 

Attitude toward technology used in the 

course  

Helps retention of learned 

information 
1 

Entertaining  5 

Provides a better learning 

environment 
3 

Makes learning fun 1 

Facilitates learning 2 

Motivation 
Willingness to learn about science and 

perform science-related activities  

 
5 

Values  

Importance attached to the subject 

taught  

 
7 

Importance attached to the course in 

general 

 
6 

Responsibility   6 
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At the same time, the teacher observed that the students easily conducted activities at the level of knowledge and 

understanding in the workbook, but it was difficult for them to perform those that required analysis-synthesis 

skills. She stated that during the implementation, the students understood the topics but needed extra time to 

successfully undertake the assessment activities in the workbook. The teacher also noted that although SPSs 

were included in the Secondary School Science Curriculum (MEB-TTKB, 2013), the students were initially not 

aware of these skills, but through conducting scientific research activities, they developed this awareness. As the 

implementation progressed, the teacher indicated that the students with moderate- and high-level achievements 

had better awareness of SPSs. 

 

The students’ views on the implementation were analyzed under the themes of the students’ attitudes, 

motivation, values and sense of responsibility related to the science course concerning affective learning and 

comparison with the previous approach used in the teaching of the course. It was determined that the 

implementation of technology-supported inquiry-based learning helped the students develop positive attitudes 

toward the science course and enjoy learning science. Throughout the implementation process, the students were 

observed to be better motivated, more willing to learn the units, and more interested in the lessons. It was seen 

that supporting inquiry-based learning with technology appealed to the students’ affective learning. 

 

As shown in Table 4, the students generally described the implementation of technology-supported inquiry-

based learning as entertaining (n = 29), enjoyable (n = 7), understandable (n = 2), good (30), excellent (n = 2), 

and moderate (n = 1), they mostly liked this implementation (n = 33), and the subjects covered were exciting (n 

= 1). For example, a participant stated: 

 

Today we learned the digestive system in science. We learned where it started, where it went through 

and where it ended. The course was very nice and I understood everything. I liked everything in class.  

 

The students stated that the scientific inquiry activities carried out during the course provided the retention of 

information learned (n = 4) and encouraged learning by doing (n = 1). The students also considered that 

scientific research was interesting (n = 2), fun (n = 2) and satisfying (n = 1), and one student enjoyed creating a 

product. Only one student mentioned that scientific research was not fun (n = 1). A participant remarked: 

 

We learned very important things by scientific inquiry activities, we understood better. I'm looking 

forward to the next science class. 

 

The students described the technology used in the course as providing retention of learned information (n = 1) 

and better learning (n = 3), and making learning easier (n = 2), entertaining (n = 5), and fun (n = 1). A 

participant stated: 

 

Technology is important not only for this course, but for all courses 

 

and another participant commented: 

 

Today we watched videos again. Videos make it easy for us to learn.  

 

Some of the students also referred to responsibilities they undertook by commenting on the work they had to 

undertake in order to be successful in the course (n = 6). 

 

 

Discussion and Conclusion  
 

The implementation of technology-supported inquiry-based learning was found to improve the participants’ 

academic achievement, which is consistent with previous studies (Bell, Maeng & Binns, 2013; Bellflower, 

2011; Cabe Trundle & Hobson, 2011; Eslinger, White, Frederiksen, & Brobst, 2008; Kim, 2011; Koyunlu Ünlü 

& Dökme, 2011; Lee, Linn, Varma, & Liu, 2010; Maeng, Mulvey, Smetana, & Bell, 2013; Uçar & Trundle, 

2011). Bellflower (2011) reported that 21st century learning tools, such as online teachers, video games, 

YouTube, and virtual laboratories provided a greater positive contribution to student achievement and classroom 

performance compared to traditional teaching instruments. Kim and Hannafin (2011) argued that supporting 

scientific research with technology was an effective approach for problem solving. Some researchers also 

addressed the favorable effects of inquiry-based learning supported by software on concept teaching (Cabe 

Trundle & Hobson, 2011; Uçar & Trundle, 2011). In the current research, science was associated with daily life, 

and the proposed application was supported by technology, scientific research, and related activities. In addition, 
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with the planning of lessons under 4W headings, it was aimed that the students would learn by inquiring about 

science topics. This implementation increased student motivation, allowing them to learn by doing, and thus 

positively influencing their success. Many scientists investigating the relationship between motivation and 

success have developed various theories. For example, Keller, Wlodkowski, Herzberg, Maslow, Mayo, 

McClelland, McGregor, Likert, Luthans, and Vroom all developed theories that focused on the important effect 

of motivation on students’ learning (Dede & Yaman, 2008, p. 21). Over almost a century, many studies have 

been conducted on how inquiry-based learning with a constructivist approach increased students’ success in 

science courses (Furtak, Seidel, Iverson, & Briggs, 2012). The most important factor that increased success in 

these studies was encouraging students to learn by doing things themselves. Similarly, the part of “With what 

will I learn” encouraged students to learn by doing. 

 

Some researchers argue that Turkey’s low level of achievement in the TIMSS-R test is due to the lack of 

emphasis on the nature of science and scientific research in education (Bağcı Kılıç, 2002). In the proposed 

implementation, the 5E Model was reframed under 4W headings and integrated into the lesson plans. Scientific 

research and activities were planned for the exploration and ‘elaboration stages of the 5E Model. This allowed 

the students to learn how to perform scientific research and activities by inquiry and practice and become aware 

of their importance. According to the results obtained from this research and the literature, the students should 

be provided with the opportunity to personally undertake research in order for them to develop positive attitudes 

toward inquiry. The problems commonly encountered in primary education include teachers and students having 

sufficient knowledge concerning scientific research, the general belief that scientific research can only be 

learned by undertaking scientific research, and the teachers’ not effectively applying scientific research in their 

class, not having a complete understanding of scientific research practices or attempting to perform scientific 

research in the class using traditional methods. For students to develop scientific perceptions, it is necessary to 

explore how they perceive scientific research and develop practices that will encourage them to learn more 

about scientific research (Lederman & Lederman, 2005). 

 

In the current study, the technology-supported inquiry-based learning program positively affected the students’ 

SPSs. Through scientific research and other activities conducted during the application process, the students’ 

skills related to observation, comparison, inference, identification of variables, hypothesizing, designing and 

setting up experiments, recording data, and processing data and modeling developed. It can be stated that this 

development in the SPSs of the students stemmed from the scientific research and other activities undertaken 

during the exploration and elaboration stages of the 5E Model embedded in 4W. Previous studies also showed 

that technology-based inquiry-based learning contributed to the development of SPSs (Eslinger et al., 2008; Lin, 

Hsu, & Yeh, 2012; Trundle & Hobson, 2011). In this regard, the results of the current research are consistent 

with the relevant literature. 

 

Research undertaken in science education at the national level emphasizes that SPSs are not sufficiently known 

by teachers (Türkmen & Kandemir, 2011) and teacher candidates (Ateş, 2005). These negativities can only be 

overcome if all scientific research and activities carried out are aimed at developing SPSs. Durmaz and Mutlu 

(2014) found that the science course designed with a focus on SPSs improved the seventh-grade students’ 

related skills. The authors implemented the activities in the textbook with an SPS-centered approach and helped 

the students become aware of SPSs. 

 

The teacher’s views on the implementation were discussed under the headings of scientific research/activities, 

technology, workbook activities, and awareness of SPS. The teacher stated that the students were willing to 

perform scientific research activities, but the time allocated was not sufficient for such activities. The teacher 

also noted that the technology used in the course increased the students’ interest toward the lesson. In addition, 

the teacher considered that the students enjoyed watching the animations, which provided a more permanent 

learning and using videos increased the motivation and learning quality of the students. According to the 

teacher, although SPSs were included in the Middle School Science Curriculum (MEB-TTKB, 2013), the 

students were not aware of these skills and conducting scientific research activities in the process helped them 

develop such awareness. The students’ views on the implementation were addressed under the headings of their 

attitudes, motivation, values and sense of responsibility related to the science course concerning affective 

learning and comparison with the previous approach used in the teaching of the course. The technology-

supported inquiry-based learning program led the students to develop positive attitudes toward the science 

course and enjoy the learning process. It was seen that the students had high motivation during the 

implementation process, they were eager to engage in the activities in the course, and they attached importance 

to the subjects covered and the overall course.  
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In this study, it was also determined that implementation of technology-supported inquiry-based learning with 

instructional technologies appealed to the students’ affective learning. The views of the participant teacher and 

students about this learning approach were in parallel to the related literature (Kim, 2011; Li, 2014; Maeng, 

2017; Ochsner, 2010; Waight & Abd-El-Khalick, 2007). In previous research in which a similar inquiry-based 

program based on technology use was undertaken, both the teacher described technology as a source of 

information and motivation, and the students similarly referred to technology as a source of information (Waight 

& Abd-El-Khalick, 2007). In another study, Ochsner (2010) found that using instructional videos in the lesson 

motivated the students to learn. Again, in research using a guided scientific research method enriched with 

technology, the students considered that technology made science teaching attractive, provided access to more 

accurate and scientific information, visualized the course, and thus facilitated the understanding of the subjects 

(Kim, 2011). Li (2014) also reported that using technology in science and mathematics education motivated the 

students. Maeng (2017) concluded that the use of technology in the science course played a complementary role, 

which is consistent with the results of the current research. 

 

 

Limitations and Recommendations 

 

This study has many strengths, including the use of multiple data collection tools, the relatively long study 

duration, and the program being implemented by one of the researchers. However, the limitations of the study 

are also acknowledged. For example, the achievements, skills and views of the students measured in the study 

were limited to the developed data collection tools. Similarly, the technology used was limited to the teacher’s 

technological knowledge and skills, as well as the availability of technological tools. This research should be 

interpreted by the reader within the framework of these limitations. 

 

Teachers use specific techniques in their class to provide better education. In order to systematize these 

implementations, teachers can be assigned the researcher role in action research to be conducted in the field of 

education to allow them to conduct research and be engaged in this process. Furthermore, in future studies, 

different dimensions of technology-supported inquiry-based research can be investigated. Teachers who want to 

avoid ordinary commonplace lessons can apply the action plan proposed and implemented in this research and 

develop similar plans for other course units. 
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