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ABSTRACT 

Web-based applications in education seem to be increasing day by day. As in all fields of education, 

web-based teaching practices are being developed to make the subjects learn better in science. The 

web-based instruction on science education for 6th-grade students, light and sound unit, a reflection 

of light was designed according to Dick and Carey instructional design model. From the 

experimental design, a single group pre-test-post-test quasi-experimental research model is used. 

The study group consists of 20 students in the 6th grade of a middle school in a 2015-2016 academic 

year. Data obtained within the scope of the research were analysed by descriptive (frequency, 

percentage) and predictive (t-test of dependent samples) data analysis methods from quantitative 

data analysis methods. The results of the research show that the motivation levels of the students 

are related to the attitude and academic achievement of the students after science course. However, 

it is observed that the implementation is a meaningful effect on students' academic achievement on 

the reflection of the light, but does not make a significant difference in their attitudes and 

motivations. It is thought that the results of the research will contribute to the instructional design 

studies to be done in science education. 
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INTRODUCTION 

The widespread use of educational technologies in 

every subject and every environment strengthens the 

place of web-based applications in education. As in 

other fields, web-based teaching applications are being 

used to enable students to understand some subjects in 

science education. However, it remains superficial as it 

encompasses a broad subject area of teaching practice. 

For this reason, instructional design models should be 

utilized in order to be able to carry out the learning 

effectively and to improve the attitudes and motivations 

of the students with their academic achievements. 

Designing a web-based teaching environment for the 

reflection of light using the Dick and Carey model will 

contribute to the field of science education. 

Instructional design is known as a system of procedures 

that are applied consistently and reliably to improve 

education and training programs (Gustafson, & Branch, 

2002). Instructional design is generally accepted as the 

basis; analysis, design, development, implementation 

and evaluation phases. The Dick and Carey model also 

follows the steps of this basic instructional design model 

in general (Akbulut, 2007). Dick and Carey's model 

includes a series of events that identify the designer's 

learning goals and the instructional strategies needed to 

achieve those goals (Figure 1).  

 

Figure 1. Dick and Carey Instructional Design Model 

(Dick & Carey, 1996) 

In this model, steps of need analysis are assessing needs 

to identify goals, conduct instructional analysis, analyze 

learners and context, and write performance objectives. 

After the need analysis instructional designer should 

develop criterion – referenced test items, develop 

instructional strategy, develop and select instructional 

materials, design and conduct formative evaluations. 

Designer should revise instruction in all process of 

instructional design. Finally design and conduct 

summative evaluations in this model. Components of 

the instructional model that have been suggested by 

Dick and Carey (1996) to promote learning are 

objectives, practice with feedback, examples and 

review. Examples of Dick and Carey models include the 

use of one-way instructional television or video-

cassettes. In the instructional design model of Dick and 
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Carey, the teacher is totally the initiator and manager of 

communication (Atıcı, & Gürol, 2001). 

Web-based instruction is a teaching program in which a 

meaningful learning environment is built using the 

characteristics and resources of the Internet in order to 

support and develop learning. Content development is a 

component of web-based instruction, multimedia 

components, internet tools, computers and storage 

devices, connections and service providers, software, 

servers, scanners and other applications (Khan, 1997). 

With web-based instruction, students can improve their 

learning level on any topic. However, web-based 

teaching supports the learning process of the students 

when the teaching methods applied in face-to-face 

education are inadequate. Simultaneous or different 

time learning environments are provided to the students 

through web-assisted instruction (Karagöz, 2010). 

According to Reeves and Reeves (1997), pedagogical 

philosophy is the dimension of web-based teaching, 

learning theory, goal and task setting, motivation 

source, teacher's role, metacognitive support, 

collaborative learning, cultural sensitivity and structural 

flexibility. These dimensions should be taken into 

consideration when web-based teaching is being carried 

out. 

In science education, students are much more interested 

in memorizing existing information; to acquire 

knowledge, to comprehend what they have learned, to 

solve problems related to new situations they encounter 

and to acquire skills related to the scientific method 

process (Demirer, 2015). In line with this aim, there are 

the units mentioned in the 6th-grade science education 

curriculum of the secondary school (TTKB, 2016): 

1. The systems in our body 

2. Force and motion 

3. Particle structure of the material 

4. Light and sound 

5. Reproduction in plants and animals 

6. Growth and development 

7. Material and heat 

8. Electrical conduction 

9. Our world, our moon and our life source sun 

It has been determined that these units in the curriculum 

have many misconceptions about the reflection of light 

in light and sound units (Anıl and Küçüközer, 2010, 

Aydın, 2007, Demirer, 2015, Kaçan, 2008). For this 

reason, a web-based teaching environment was 

designed according to the how Dick and Carey model 

overcome there misconceptions about the reflection of 

light in this research. The answers to the following 

questions were searched for: 

1. Is there a relationship between the academic 

achievements of students in the sciences course 

and their attitudes and motivations towards the 

course? 

2. Does web-based teaching designed according 

to Dick and Carey model affect the academic 

achievement of students? 

3. Does web-based teaching designed according 

to Dick and Carey model affect the attitudes of 

students towards science education? 

4. Does web-based teaching designed according 

to Dick and Carey model affect the motivation 

of students to science education? 

METHOD 

In this study, where Dick and Carey instructional design 

model is applied, web-based instruction for 6th-grade 

students was prepared on reflection of light. Information 

on the research model, study group, data collection 

tools, data analysis and instructional design process are 

given in this section. 

Research Model 

In this study, one group pre-test-post-test quasi-

experimental research model was used from 

experimental designs. In the single group pre-test-post-

test quasi-experimental research model, dependent 

variables belonging to the same group are measured by 

pre-test and post-test via the same measurement 

(Büyüköztürk, Çakmak, Akgün, Karadeniz ve Demirel, 

2013). 

Study Group 

The study group of this study was formed from 20 

students who were studying in the 6th grade of a middle 

school in the 2015-2016 academic year and who 

volunteered to participate in the study by using 

appropriate sampling method. The school is located in a 

county of Afyonkarahisar, Turkey. For this reason, the 

appropriate sampling method is defined as the 

formation of a working group by reaching a required 

group (Büyüköztürk et al., 2013). 

Data Collection Tools 

Within the scope of the research, an academic 

achievement test consisting of 20 questions including 

the achievements of light and sound units was applied 

to determine the level of achievement of the students. 

This test was applied to all students participating in the 

study at the beginning and end of the study.  

The attitude scale (Yanpar, Çakır and Şahin, 2000) was 

used to determine the attitudes of the students towards 

the science course. The Cronbach Alpha reliability of 

attitude scale was found 0.95 in 1998 (Moralar, 2012). 

The scale is a 27-point Likert type with positive and 

negative judgements. For each item, there are the 
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options "I fully agree, I agree, I am undecided, I 

disagree, I never agree". Scores of the scale were made 

from 5 to 1 according to the options, and in negative 

expressions, the scoring was reversed. This scale was 

applied to all students participating in the study at the 

beginning and end of the study.  

The motivation scale developed by Tuan, Chin and 

Shieh (2005) and adapted to Turkish by Başdaş (2007) 

was used to determine the motivation of the students 

towards science education. Cronbach Alpha reliability 

of the original scale was 0.89. The Cronbach Alpha 

reliability of the Turkish scale was 0.83. The scale is a 

35-point Likert type with positive and negative 

judgments. Positive expressions were evaluated as 

"Never Participated = 1, Participating = 2, Undecided = 

3, Participating = 4, Totally Participating = 5" points. 

Negative expressions were scored in reverse. 

Analysis of Data 

The data related to the academic achievement, attitude 

and motivation levels obtained from the students were 

analyzed with descriptive (frequency, percentage) and 

predictive (dependent sample t-test) data analysis 

methods from quantitative data analysis methods. 

Dependent samples t-test confirms that there is no 

significant difference between the measurements of the 

subjects in the same group before and after the 

experiment for the dependent variable (Büyüköztürk, 

2013). 

Instructional Design Process 

In this study, the procedures performed during the 

instructional design process are described in this 

section. The instructional design process includes the 

steps of assessing needs to identify goals, conducting 

instructional analysis, developing instrucitonal 

strategies and materials, formal evaluation and 

updating, implementation and summative evaluation. 

Assess Needs to Identify Goals 

In the process of needs analysis, the annual plan of the 

science lesson is examined. The achievements that 

students need to make the reflection of the 6th grade 

Light and Sound unit of the science education are: 

Observes and reflects rays of light on smooth and rough 

surfaces. 

The light coming from the reflection of light reflects the 

relationship between the reflected beam and surface 

normal. 

Conduct Instructional Analysis 

Interviews, questionnaires and success test techniques 

were used to determine the current situation of the 

learners' reflection on the light. In determining the 

situation, the teacher who gave the lecture was 

interviewed first. It was understood that the teacher 

gave samples to the students to attract attention and 

directed various questions to the students. Also, the 

students asked questions about past issues and made the 

necessary reminders to determine the level of readiness 

of the students. 

It is stated that the course is taught through the 

presentation, the interactive board is actively used, and 

that at the end of the presentation, screening tests are 

performed, and the students realise the achievements. 

Also, the subjects are reinforced through extracurricular 

activities and educational games. 

The expression of light reflection is processed under the 

heading of smooth reflection and scattered reflection; 

mirror, aluminium foil, wood, iron, etc. have been 

introduced to the class, helping to grasp the difference 

between the two reflection types. In addition, to realise 

unit gains; brainstorming, question-answer, 

demonstration methods were used. 

In evaluating unit gains, screening tests were conducted, 

and classroom midterms were preferred. Questions that 

can not be solved by students are solved in the 

classroom, and the information of the students is 

reinforced. According to the teacher, the pupils realise 

the achievements at the level of knowledge and 

understanding, but they are having difficulty in 

implementing the skills at the application level such as 

drawing the rays. 

As a result of the interviews, it was understood that 

mathematical success was compromised by the fact that 

the achievements in the light and sound units of low 

school students required mathematical calculations. It is 

stated that students should be supported with visual 

activities especially reflecting reflection of rays, but 

teachers do not have necessary knowledge and skills to 

design such environments. 

To determine the level of achievement of the students 

after the interviews, a test covering the achievements of 

20 students in the Light and Sound unit was applied, and 

it was found out that 78 out of 100 grades the students 

got average. This shows that the students can not 

achieve the gains of the Light and Sound unit 

adequately. 

Attitudes scale (Yanpar, Çakır and Şahin, 2000) was 

applied to the students in order to determine the 

attitudes of the students towards the science education; 

(x = 4.59, Ss = 0.32) attitudes of the students towards 

the science course were found to be very good. 
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The motivation scale (Başdaş, 2007) was applied to the 

students in order to determine the motivation of the 

students towards science education; students were 

found to have the very good motivation (x = 4.41, Ss = 

0.33) towards the science course. 

Develop Instructional Strategy 

As a result of needs analysis, it is seen that some of the 

students do not realise the achievement of reflection of 

science education. When examining the reasons for not 

achieving achievements, it is understood that the 

academic achievements of the students are closely 

related to the attitudes and motivations towards the 

lessons. 

Based on this information, teaching environment; It is 

designed by the web-based teaching method of 

reflecting the reflection of the light in which the 

narrative technique is used, taking into account the 

characteristics, needs, attitudes and motivations of the 

students, subject content and usability. 

When the content of the teaching system is determined, 

it has not been explained to the subject of direct light 

diffusion. It has been mentioned before the reflection of 

the light on concepts such as how the visual 

phenomenon is realised, how the light sources are, what 

the illuminated material is. After preliminary 

information is given according to the learning hierarchy, 

the reflection of the light, the types of reflection and the 

reflection laws are introduced. After the necessary 

theoretical information is given to the students, 

animation, matching, gap filling and game applications 

related to the reflection of the light are given in order to 

understand the subject better. 

Develop and Select Instructional Material 

When the learning environment is designed; attention 

has been paid to the cognitive load of students, visual 

hierarchy, balance, integrity and colour harmony. In 

visuals and texts, storyboards were created in such a 

way as to avoid the excesses and to give the subject's 

essence, ordered according to the learning hierarchy. 

Designed for students' learning needs using the Adobe 

Captivate 9, this learning environment is published on 

the researcher's website. After making the necessary 

preparations, the teacher informed the students about 

the 20 student learning environment so that the 

application can be started. A sample screenshot of the 

learning environment in which the multimedia items are 

used together is shown in Figure 2. 

 

 

Figure 2. A screenshot from the learning environment 

As shown in Figure 2, the multimedia environment has 

been used together in the learning environment, and 

attention has been paid to shape, alignment, colour 

scheme, font and line spacing. Thus, it has been tried to 

ensure that the students and their learning are 

permanent. 

Formal Evaluation and Update 

After the instructional strategies have been determined 

and the material development process has been 

completed, a formal evaluation of the application within 

the class has been made with a small group of students 

in order to evaluate the usefulness of the material 

developed in the process. Some formal updates have 

been made in practice as a result of the feedback given 

by the students. However, since the feedback provided 

is not directed at the subject content, no updates have 

been made to the content. 

Implementation and Summative Evaluation 

After a formal evaluation with a small group and the 

teaching material was updated, the class was applied 

completely. 20 students in the class have reached the 

application from the researcher's website. The students 

have carried out various activities in practice in the 

online environment. After the students have been 

practising for two weeks, the evaluation process has 

been completed by applying the success test, attitude 

and motivation scales to the students again. 

FINDINGS 

The Relationship between Academic Achievement, 

Attitude and Motivation Levels of Students 

A correlation analysis was conducted to examine the 

relationship between students' academic achievements 

and the attitudes and motivations of the students after 

the implementation. The results are presented in Table 

1. 
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Table 1. The relationship between academic 

achievement, attitude and motivation levels of students 

 Academic 

Achievement 

Attitude Motivation 

Academic 

Achievement 

- 0.36 0.48* 

Attitude  - 0.75** 

Motivation   - 

* p<0.05, ** p<0.01 

When Table 1 is examined, it is seen that the academic 

achievements of students in science education are 

related to motivations (r = 0.48, p <0.05) in moderate 

and positive direction. There is, however, a high level 

and positive relationship between the attitudes and 

motivations of students towards science courses (r = 

0.75, p <0.01). There is no significant relationship 

between the academic achievement and attitudes of the 

students (p> 0.01). For this reason, it is thought that the 

motivation of the students is closely related to the 

development of positive attitude towards the science 

education and the achievement of the goals. 

Effect of Implementation on Academic Achievement 

of Students 

The dependent sample t-test was applied to examine 

whether the students' academic achievement levels 

differed after the implementation. The results are 

presented in Table 2. 

Table 2. Academic achievement levels of students 

  N x Ss t η2 

Academic 

Achievement 

Pre-

Test 

20 78 19.36 

- 

2.17* 
0.20 

Post-

Test 

20 87.5 10.20 

* p<0.05 

When Table 2 is examined, it is seen that there is a 

significant difference between the results of the 

academic achievement made before and after the 

application made to the students about the light 

reflection [t (19) = - 2.17, η2 = 0.20, p < 0.05]. 

According to this, it is understood that the students' 

academic achievement (x = 87.5, Ss = 10.20) was higher 

than that before (x = 78, Ss = 19.36). This is a broad and 

positive directional effect on the level of academic 

achievement of web-based instruction, explaining 20% 

of the total variance. This suggests that web-based 

teaching has an important role in enhancing the 

academic achievement of students. 

 

 

Effect of Implementation on the Attitudes of the 

Students 

The dependent sample t-test was applied to examine 

whether there was any difference in post-

implementation attitudes of the students. The results are 

presented in Table 3. 

Table 3. Attitudes of students 

  N x Ss t η2 

Attitude 

Pre-

Test 

20 4.59 0.32 

-1.58 - 
Post-

Test 

20 4.67 0.29 

* p<0.05 

When Table 3 is examined, it is seen that there is not a 

significant difference between students' attitudes 

towards science education before and after the 

implementation of web-based instruction (p > 0.05). 

According to this, it is understood that the attitudes of 

the students towards the post-implementation science 

course did not change according to the preliminary. For 

this reason, it is considered that the web-based 

instruction made does not have an effect on the attitude 

level of the students. 

 

Effect of Implementation on Students' Motivation 

Levels 

The dependent sample t-test was applied to examine 

whether the motivation levels of the students were 

different after the application. The results are presented 

in Table 4. 

 

Table 4. Motivation levels of students 
  N x Ss t η2 

Motivation 

Pre-

Test 

20 4.41 0.33 

-0.43 - 
Post-

Test 

20 4.44 0.36 

* p<0.05 

When Table 4 is examined, it is seen that there is no 

significant difference between students' motivation 

towards science education before and after the 

application of light reflection (p > 0.05). According to 

this, it is understood that the motivation of the students 

towards the science course after the implementation has 

not changed according to the previous one. For this 

reason, it is considered that the web-based instruction 

has no effect on the level of motivation of the students. 
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CONCLUSION AND DISCUSSION 

The results of the research show that the web-based 

instructional design on the reflection of light contributes 

to the academic achievement of the students and that 

there is no effect on the attitude and motivation levels 

of the students. Demirer (2015), a simulation of the 

concept of light and sound, has shown that students 

improve their academic achievements in light and sound 

units and those students who learn by simulation are 

more successful than students in the control group as a 

result of the applications made. It is seen that web-based 

teaching material prepared by Keles (2007) for the force 

and movement unit contributes positively to the 

academic achievements of the students and does not 

contribute to the attitudes towards the science course. 

The results of the experimental study on mathematics 

education designed by Akay (2017) according to the 

Dick and Carey model indicate that the instructional 

design practices increased the academic achievement of 

students. Kwon and Block (2017) use Dick and Carey 

instructional design model to provide three sources of 

self-efficacy, mastery experience, vicarious experience, 

and social persuasions. As a result of research pre-

service physical education teachers’ perceived self-

efficacy improved after taking the e-learning 

supplement. Carlton, Kicklighter, Jonnalagadda and 

Shoffner (2000), design, develop, and formatively 

evaluate a computer-based multimedia nutrition 

education program for adults based on the Dick and 

Carey instructional design model. They conclude that 

dietetics professionals should use instructional design 

models, such as the Dick and Carey model, to design 

effective nutrition education programs for the public. 

The results of the study and similar studies show that 

web-based teaching designed by Dick and Carey model 

in science education affects the academic achievement 

of students positively. However, to improve the attitude 

and motivation level of students towards science 

education, it is necessary to design different teaching 

environments. It is thought that the work to be done in 

this context will contribute to the fields of science and 

instructional technology. 
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