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Abstract 
To address the lack of interdisciplinary programs that combine science, 
technology, engineering and mathematics (STEM), the sound, waves and 
communication systems (SWCS) program was developed and implemented 
with different populations: three in-service schoolteachers, 60 pre-service 
teachers in a college for teacher education, and 120 middle school students. In 
addition, six pre-service teachers who had learned the swcs course worked in 
coordination with in-service teachers and taught the course for middle school 
students. This article presents the program’s development and effects, focus-
ing on examining motivational and achievement outcomes. The study aimed 
at investigating the extent to which participants (both pre-service teachers 
and school students) could learn/teach an interdisciplinary program, and how 
the swcs program could affect learners’ knowledge and their attitudes towards 
science class. The study used the mixed method combining both quantitative 
and qualitative tools. The main results highlight learners’ high motivation 
and knowledge acquisition in learning the program. However, learners still 
face difficulties, for example, in developing projects and dealing with alterna-
tive ideas. Furthermore, the study points to the potential that lies in integrat-
ing pre-service teachers in dual learning and teaching experiences. 
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1. Introduction 

Science education has been criticized for many years because of the separated 
teaching of STEM concepts (Sanders, 2009), broad use of the traditional teaching 
method—the passive transfer of knowledge from teachers to students (Barak, 
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2014), the striking shortage of qualified teachers, and inadequate preparation of 
prospective teachers for integrative STEM (Kim et al., 2015). 

Although science education research emphasizes a connection between dis-
ciplines and offers solutions for integrating various STEM disciplines (Becker & 
Park, 2011), only a few programs actually meet this challenge and offer a cohe-
rent picture of science (NASEM, 2019). Moreover, the question arises as to how 
to prepare teachers and provide them with the skills they need to promote STEM 
integration. 

To address the previous issues, the current research included the develop-
ment, implementation and evaluation of an innovative interdisciplinary course 
about sound, waves and communication systems (SWCS) in the ICT environ-
ment. A five-year study involved teachers, pre-service teachers and middle 
school students. The research aimed at exploring how the course instruction af-
fected learners’ knowledge and motivation, and teachers’ development in learn-
ing/teaching advanced scientific technological subjects. 

2. Conceptual Framework for the Sound, Waves and  
Communication Program 

As shown in Figure 1, the major instructional principles or strategies that 
guided the course development were derived from the educational literature 
about authentic learning; contextual learning; interdisciplinary learning; simula-
tion-based learning; and project-based learning. 

Contextual learning: describes learning that relates to a learner’s diverse life 
contexts—at home, in the workplace, during leisure time, and in social or envi-
ronmental activities (Greeno, Collims, & Resnick, 1996). 

Interdisciplinary learning: combines the learning of different disciplines 
(e.g., science, technology, engineering and mathematics) in order to give a clear 
picture and contribute to the development of students’ higher-order thinking 
skills (Ackerman & Perkins, 1989). 

Simulation-based learning: a software program aimed at demonstrating a 
scientific concept in an accurate way as it happens in reality. While many re-
searchers (Moreno & Mayer, 2007; Trundle & Bell, 2010) reported on its con-
tribution to science learning, others (Rutten et al., 2015) claimed that it might 
be effective if accompanied by other class activities alongside the teachers’ 
support. 
 

 
Figure 1. Conceptual framework of the SWCS program. 
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Project-based learning: calls to place the learner in an active role where he 
investigates or solves a major real-life problem that is driven by a research ques-
tion consisting of a number of tasks and requiring the preparation of a model or 
product (Barak & Shachar, 2008). 

In addition, two main concepts accompanied the work with students and 
pre-service teachers, as detailed below: 

Active learning: activities associated with learning are inseparable from cog-
nition (Johnson & Aragon, 2003). Hence, the main idea of active learning is to 
get students to learn by doing while thinking about the material and about what 
they are doing (Bonwell, 1996). 

Technological pedagogical content knowledge (TPCK): Based on Shulman’ 
work (1987), Mishra and Koehler (2006) added the technological dimension to 
support intelligent uses of technology in teaching and learning. TPCK develops 
through an integrative process with classroom practice via planning, preparing 
and teaching lessons. 

3. The Sound Waves and Communication Systems Course 

Course development: The SWCS course was designed as a 30-hour course for 
middle school students. Throughout a year, the main researcher (together with 
his supervisor from Ben-Gurion University of the Negev, Israel) prepared learn-
ing/teaching materials for both the students and the teachers: presentations, 
class activities, lab experiments, technological tools and a user manual. In addi-
tion, the research tools were designed. Two cohorts of science teachers who were 
studying for a second degree in science education at Ben-Gurion University of 
the Negev experienced the materials and refined them. Later, a pilot study was 
conducted with 40 middle school students, which helped again to refine the ma-
terials and research tools.  

Course contents: The current course aimed at providing a deep understand-
ing of SWCS concepts by covering the main subjects: sound as a wave (physics 
of sound); sound as a system (human ear, audio system - electronic sound sys-
tems); and digital sound (sound in computers). Advanced subjects such as noise 
and electromagnetic waves were discussed as part of the project-based learning 
phase. 

Instructional methods: Most of the class sessions included a 20 - 30-minute 
theoretical explanation, solving problems, answering questions in which stu-
dents used the simulations and software programs (audacity), conducting expe-
riments in groups, hands-on work, and building accessible products such as a 
microphone, speaker and radio kit. The final third part of the course was de-
voted to students’ work on projects about relevant subjects, such as “digital mu-
sic” and “mobile communications”. Most of the students prepared theoretical 
presentations. 

Teachers’ mentoring: Three new in-service physics teachers (with 1 - 3 years 
of teaching experience) participated in teaching the course for middle school 
students. The researcher met independently with the teachers (and the assistant 
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teachers) on a weekly basis. These meetings included discussions about SWCS con-
cepts, pedagogical matters, and giving feedback. Two pre-service teachers worked 
as assistant teachers with each teacher to help him in conducting the lessons. 

4. Methodology 

Three different populations took part in the current study: middle school stu-
dents, pre-service teachers in college, and teachers who taught the course. To 
note, teaching the course to middle school students was largely similar to that 
with pre-service teachers. Ethics and consent information were preserved 
throughout the research. 

Population: The participants comprised six separate groups of 20 students 
each (7th-graders, age 13 - 14), a total of 120 students. Each group attended two 
1.5-hour weekly meetings over 10 weeks. The course was given outside the regu-
lar school hours. Three new teachers volunteered to teach the course. All of the 
teachers had a physics background. Additionally, 60 pre-service teachers in the 
third year of their bachelor studies in science education took the SWCS course. 
Among them, six students served as teachers’ assistants to teachers in school. 
About 95% of the pre-service teachers’ population were females aged 19 - 23 
who had majored in biology and chemistry in high school and had a relatively 
poor background in learning physics and technology subjects.  

Ethics: Although the research was carried out after school hours, it adopted 
all rules of the Ministry of Education regarding conducting research with stu-
dents in schools. For example, obtaining the headmaster’s and teachers’ approv-
al, receiving parental consent, maintaining students’ privacy and confidentiality 
of information, collecting data with students’ anonymity, prohibiting taking 
photographs of the students, and conducting interviews with students in groups. 
In addition, the pre-service teachers’ participation was conducted according to 
the college’s research ethics rules. 

Research questions: The questions that guided the current research were: 
1) What are the similarities and differences among middle school students and 

pre-service teachers regarding the learning of advanced scientific-technological 
subjects such as sound, waves and communication systems? What factors con-
tribute to or hinder their success in learning the subject? 

2) What is the impact of studying the subject on students with respect to mo-
tivation and interest in learning science and technology, self-efficacy perception 
of studying scientific-technological subjects, and the desire to learn in an online 
environment? 

3) How does learning SWCS affect teachers professional development and 
TPCK acquisition?  

Research tools: The study adopted a mixed method, combining both quantit-
ative and qualitative tools. More specifically, the data collection included: 
• Administering a pre-post semi-structured attitude questionnaire about 

learners’ interest in learning science, the desire to use ICT and self-efficacy to 
learn science. The questionnaire was based on a study by Fortus and Vedder 
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Weiss (2014). An Alpha Cronbach value between 0.6 - 0.75 was received in 
each of the categories. 

• Analyzing the outcomes of a 90-minute exam that participants answered at 
the end of the course. The exam was composed by the researcher and con-
tained questions about factual, procedural and conceptual knowledge. A 
panel of experts in science education reviewed it. 

• Observing classes and documenting participants’ activities in the class. 
• Conducting interviews with groups of 2 - 3 participants at the end of the les-

sons. 
• Analyzing class activities and final projects that students submitted in pairs. 

5. Findings 

Participants’ achievements in learning scientific-technological subjects: 
The exam comprised one question about declarative knowledge, two questions 
about procedural knowledge and two questions about conceptual knowledge. 
Table 1 presents the participants’ outcomes: The participants' achievements 
were measured on a scale of 0 - 100 (Statistical deviation appears in brackets). 

The results show that both the students and the pre-service teachers received 
relatively high grades in the different types of knowledge, including the concep-
tual knowledge questions. In addition, the highest grades were achieved in the 
procedural knowledge question, which reflects the fact that science and technol-
ogy teachers often emphasize the learning of procedural knowledge. 

Participants’ attitudes towards learning SWCS: The attitude questionnaire 
comprised 12 items relating to learners’ motivation. The average scores of the 
participants’ answers are presented in Table 2. 

The results point to a high level of participants’ motivation in pre and post. 
The t-test results point to significant pre-post differences in middle school stu-
dents’ self-efficacy and pre-service teachers’ desire to use ICT resources. In other 
words, the students showed a significant improvement in their self-efficacy to 
learn science, while the pre-service teachers presented an increase in their desire 
to use ICT in learning science. 

Findings from participants’ work on projects: The participants’ projects 
were checked based on a revised version of Vandervelde’s (2006) rubric. To en 
 
Table 1. Participants’ outcomes in the final exam. 

Type of knowledge 

t-test 

Middle school students 
(n = 120) 

Pre-service teachers 
(n = 60) 

t sig 

Factual Knowledge 73.05 (17.20) 80 (22.17) 2.31 0.021* 

Procedural Knowledge 80.00 (25.18) 85 (36.20) 1.07 0.280 

Conceptual knowledge 75.27 (20.12) 80 (29.18) 1.27 0.204 

Average 76.02 (13.00) 82 (12.70) 2.93 0.003* 

*p < 0.05. 
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Table 2. Participants’ average scores (statistic deviation) in the attitude questionnaire on 
a scale of 1 - 5. 

 
Middle school students (n = 120) Pre-service teachers (n = 60) 

Pre Post t sig Pre Post t sig 

Interest in 
learning science 

3.69 (0.42) 3.63 (0.38) −1.007 0.319 
3.58 

(0.29) 
3.57 (0.41) −0.127 0.90 

Desire to 
use ICT 

3.15 (0.46) 3.16 (0.55) 0.118 0.907 
2.90 

(0.51) 
3.30 (0.50) 4.06 0.001* 

Self-efficacy to 
learn science 

2.62 (0.76) 2.92 (0.68) 2.889 0.006* 
2.46 

(0.39) 
2.30 (0.41) −1.12 0.27 

*p < 0.05. 

 
sure high validity, two veteran science teachers from different schools (having 
rich experience in science teaching) who were invited to attend the final presen-
tation event were trained to serve as external examiners for the students’ 
projects. Results showed that 55% of the students and 40% of the pre-service 
teachers had difficulties in tackling the task. In the interviews, the participants 
reported on task complexity and complained that the collaborative work (pair 
work) was minimal and challenging. 

Findings from interviews with the learners: The researcher met with 2 - 3 
participants after the lessons and asked questions relating to their motivation 
and understanding. The interviews lasted 15 - 20 minutes and were recorded. 
The content analysis method was used to analyze the data. Following this, dis-
course units (content units) defined as meaningful sentences and statements 
made by the students were identified, mapped, and categorized to characterize 
the issues. As part of the verification process, the researcher met with his super-
visor to confirm the categorization process and discussed relevance and consis-
tency. The results point to some misconceptions and fragile knowledge that 
learners still have about sound concepts. Many students provided inaccurate ex-
planations about basic concepts such as sound, analog, sampling and electrical 
current. In addition, many students had difficulties in answering the research’s 
questions requesting a complete description of natural processes, such as “how 
sound is produced?” or “how do we hear?” Most of the students’ answers were 
lacking and gaps in their explanations. 

Findings from mentoring the schoolteachers: The researcher accompanied 
three teachers on a weekly basis. He took notes in a diary during the preparation 
meetings and in the class observations. Additionally, the teachers were inter-
viewed for 45 minutes towards the course end. Findings show that teachers 
learned new contents, improved their pedagogical knowledge and used the 
technology better. For example, at the beginning of the course, none of their 
three teachers had a good understanding of the different subjects such as ana-
log-digital sound conversion and compression of digital sound. However, to-
wards the end of the course, the teachers showed high confidence in teaching 
these subjects and were able to design different learning activities for their stu-
dents. In addition, the assistant teachers (six pre-service teachers who worked 
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with the schoolteachers) emphasized the importance of having this experience 
for their career. They started out as assistant teachers, mainly responsible for lo-
gistic and administrative issues, and gradually developed until becoming inde-
pendent teachers with full responsibility about conducting the teaching in the 
class. The assistant teachers emphasized the different phases they underwent in 
their professional development, starting from putting focus on understanding 
new contents, then emphasizing pedagogical aspects and issues related to teaching 
methods, ending with using educational technologies in class. All the assistant 
teachers had at least two-three successful experiences in which they were the main 
teachers, leading the class, and taking full responsibility for teaching the lesson and 
all other related educational and administrative aspects. Both the schoolteachers 
and the assistant teachers stated that dealing with new content, having pre-prepared 
materials, and developmental supervision were very helpful to them. 

6. Discussion 

The current study sheds light on different phases of a five-year project aimed at 
addressing the lack of integrative STEM programs in middle schools and dealt 
with issues of preparing prospective teachers and guiding teachers. The research 
aimed at exploring the participants’ motivation and achievements using both 
quantitative and qualitative tools. The findings showed that the participants (in 
both populations) managed to learn the SWCS subject, which is considered an 
advanced technological-scientific subject combining different disciplines such as 
physics, electronics and computers. Although the pre-service teachers’ average 
scores and declarative scores were significantly higher than the students’ scores, 
it is still interesting to see no significant differences between the students’ and 
pre-service teachers’ procedural and conceptual scores. While the achievement 
differences could be explained rationally by the age gap between the two popula-
tions, or because of differences in the instructors who taught the courses, we as-
sume that the course’s design (i.e., learning materials and instructional methods) 
stood behind the similar and close achievements in both procedural and con-
ceptual knowledge. 

Moreover, the learners’ motivation was high and the participants were inter-
ested in learning pre and post the course. As the findings showed, the students 
significantly improved their self-efficacy and the pre-service teachers’ interest in 
using ICT considerably increased. These results are in line with Kim (2009), 
showing that integrative STEM education could foster and contribute to stu-
dents’ learning. To the best of our understanding, several factors affected the 
learning process and contributed to learners’ success and interest; these relate to 
a well-designed learning environment, dealing with authentic contents, and 
adopting the active learning approach. In addition, the use of diverse instruc-
tional methods including theatrical presentations, hands-on work, lab experi-
ments, simulations and projects facilitated the students’ learning.  

Nevertheless, results from the project work and interviews with the partici-
pants pointed out difficulties that some learners had encountered. These diffi-
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culties were about superficial work in several projects, misconceptions and fra-
gile knowledge of scientific concepts. Further, checking back on the students’ 
learning process in class, it became obvious that the students have limited op-
portunities and serious difficulties in conducting deep discussions and argu-
mentation. The discussions in class sessions (between the learners themselves, 
the learners and the instructor, or the teachers combined) were notably few, and 
were even missed. According to Osborne (2010), it is the debate and discussion 
with others that are most likely to enable new meanings. Hence, learning con-
tents should be tested by rebuttal and counter-arguments. In this context, Chi, 
Adams, Bogusch et al. (2018) assert in the ICAP theory (Instruction, Construc-
tive, Active, Passive) the teachers’ difficulties in implementing instruction for 
interactive activities. Teachers focus mostly on the condition of collaboration, 
rather than on the pattern of dialogue. In such a case, the learners’ propensity is 
to focus on the interpretation they found preferable, as opposed to why they 
found the alternative interpretation less preferable (Henderson, Osborne, Mack 
Pherson, & Szu, 2014). 

In light of these findings, we formulated a model for the instruction of ad-
vanced scientific and technological subjects. The model comprises a combina-
tion of Teacher’s instruction, Argumentative discussion, Lab work and ICT-aided 
learning. All these instructional methods are associated with three levels of stu-
dents’ tasks: Practice, Problem solving and Project-based learning, as illustrated 
in Figure 2. The TALIP3 model suggests combining diverse instructional me-
thods within a cyclical process with a gradual increase in the range and com-
plexity of students’ tasks. 

In Figure 2, the dotted lines towards the center square point to student tasks 
that should be developed gradually according to the “task taxonomy,” a tax-
onomy created by merging terms from the knowledge taxonomy and the prob-
lem-solving taxonomy (Barak, 2013; Kastelan et al., 2014). Based on this, stu-
dents deal with three levels of tasks: 
 

 
Figure 2. The TALIP3 instructional model for teaching advanced science and technology 
subjects. 
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• Practice: Basic exercises, closed-ended tasks in which the solution is known 
in advance and students can check their answers 

• Problem solving: Open-ended small-scale tasks in which students might ex-
plore a specific aspect of a wide topic, use different solution methods or ar-
rive at different solutions 

• Project-based learning: Broad challenging tasks in which the problem is 
ill-defined, for example, investigating a complex subject or handling a design 
task in which the learner should determine the objectives, identify the con-
straints and choose the solution method 

Additionally, the current research highlights the issue of integrating 
pre-service teachers in both learning and teaching experiences. As mentioned 
earlier, six pre-service teachers who learned the course in the college taught the 
course to students in schools. The findings assure the positive impact of such 
experiences on pre-service teachers’ preparation for STEM instruction. Accord-
ing to Adams et al. (2014), teachers feel less knowledgeable about STEM content 
and less comfortable about teaching STEM than other subjects, since teacher 
education programs have rarely offered courses to pre-service teachers in which 
they experience learning that integrates multiple disciplines. Carrier (2009) 
states that providing pre-service teachers with the opportunity to teach STEM 
activities could be helpful for their development and self-efficacy. Moreover, 
Luehmann (2007) emphasized that effective teacher learning occurs when 
pre-service teachers have multiple opportunities to participate in a carefully 
scaffolded sequence of reform-based science-learning experiences, both as 
learners and as teachers. The recent point arises as a main idea in the current 
study. Actually, based on our observation, we can say that besides learning the 
course in the college, several factors might help pre-service teachers succeed in 
teaching the SWCS course. These factors relate to the course characteristics and 
dealing with innovative contents, pre-preparation of the course materials, and 
the teachers’ guidance and support in the field. Findings showed that teachers’ 
mentoring that was based on customized guidance significantly enhanced teach-
ers’ TPCK. These results assert the role that a customized workshop could serve 
as a professional development framework in bringing curricular innovations in-
to classrooms (Yerushalmi & Eylon, 2013) and fostering teachers’ preparation 
for applying integrative STEM in schools. 

7. Conclusion 

To address the lack of STEM program, the SWCS was developed and offered 
both to pre-service teachers and middle school students. Some of pre-service 
teachers served as learners, and then as teachers in school. The course had a pos-
itive impact on learners’ achievements and motivation. In addition, the 
pre-service teaching experience was defined as successful and contributive. The 
current study suggests that innovative programs, which are derived from the 
learners’ daily life, is a key factor in motivating and attracting learners to learn 
science and specifically STEM-oriented courses rich in advanced scientif-
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ic-technological subjects. 
Moreover, using diverse instructional methods based on the TALIP3 model 

could assist in learning. Special importance should be given to discussions and 
arguments to overcome misconceptions and alternative ideas. In addition, pro-
viding opportunities for pre-service teachers to learn and teach the same con-
tents could be a productive way of reinforcing their knowledge base and im-
proving their teaching skills. Several factors could help in acquiring suitable 
TPCK that are related to innovative contents, using advanced instructional me-
thods, having pre-prepared materials (in part), and receiving customized guid-
ance. 
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