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ABSTRACT

Nowadays, many education programmes claim to evolve according to present and future
skills needed for sustainable development, and one of these skills is inventive problem-
solving. Systematic-inventive problem solving (SIPS) is a systematic approach to
problem-solving derived from engineering, technology, science, mathematics, and
general problem-solving principles. This study presents findings from a SIPS-based
methodology to enhance inventive problem-solving in school science for the Light topic.
SIPS is an approach for innovative solutions with early judgment by exploring the
problem's world or surroundings. This study was conducted with 78 seventh-grade
pupils in Istanbul, Tiirkiye. Mixed methods were applied to determine the contribution of
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SIPS to developing their inventive problem-solving and to get their opinions about SIPS.
The data were collected through the pre-post Inventive Problem-Test (IP-T),
documentation of pupils’ activities, and interviews. Statistical and descriptive analyses
revealed that using inventive problem-solving tasks fostered pupils' inventive-problem
solving skills. Also, using SIPS helped pupils solve real-life problems for which they
might need information on different topics such as heat-temperature, electrostatics, or
pressure. The study suggests that SIPS makes it possible to increase 7th grade pupils'
interest in science, more comprehensive and focused thinking, and their realisation that
what they learn at school is useful in everyday life.

(SIPS), Inventive
Problem, TRIZ, ASIT.

To cite this article: Demirci Saygi, N., & Sahin, F. (2023). The effects of a systematic approach to solve real-life
inventive problems in the science classroom. Journal of Turkish Science Education, 20(1), 50-65.

Introduction

Education plays an essential role in the development of nations (Nneji, 2022). The welfare of
countries strongly depends on their pace of technological improvement and innovation, especially
while natural sources are in decline (The Royal Society, 2010; Agbedahin, 2019). The education of
individuals is essential to gain the necessary skills to achieve these tasks for society as a whole (Soldi
et al.,, 2016). Creativity is one of the main driving forces of the modern world. Rapid economic and
societal changes demand creative skills from employees. Therefore education decision makers have
adapted the creative skills into their (Kim et al, 2019) education systems are responsible for
developing innovative programmes to inculcate these skills (Hawkins, 2002; Lampa et al., 2013). In
this context, many countries are applying new approaches in their educational strategies (Sanders,
2009; Thomas & Waters 2015). STEM (Science, Technology, Engineering, and Mathematics) is
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paramount within these approaches (Breiner et al., 2012; Bybee, 2010). STEM, a unification of
mathematics, engineering, technology, and design fields in science education, has as its main goal to
make learners build creative problem-solving skills (Breiner et al.,, 2012; Chen, 2009; Gonzalez &
Kuenzi, 2012; Sanders, 2009). To achieve this, mixing knowledge areas, using problems and projects,
and promoting skills such as group learning, problem-solving, project management and idea
generation are proposed for the education agenda (Higuera Martinez et al., 2021).

Solving a problem requires connecting and treating different items of knowledge in a database
(Wong & Siu, 2011). Inventive thinking is a way of problem-solving by searching related entries in the
database and producing a unique solution in the final stage (Mumford et al., 2012; Oncii, 1992;
Sternberg, 2006). This process is at least a two-step procedure, including divergent and convergent
thinking (Cropley, 2006; Goodwin & Miller, 2013). A broadly accepted-traditional view on combining
these two styles is that divergent thinking comes first and aims to produce as many ideas as possible.
Later, convergent thinking takes the stage to review all possible statements and choose the most
appropriate one (Barak, 2006). Goldenberg and Mazurski (2002) state that producing as many ideas as
possible is not essential to solving a problem creatively and that postponing judgment does not
necessarily increase the inventive value of the ideas. The critical thing in inventive thinking is quality
rather than quantity. With well-determined criteria such as focused thinking and quick decision-
making can be inventive problem-solving methods (Barak, 2003) without dealing with vast numbers
of ideas (Barak, 2006). Because of these reasons, SIPS seems to be one of the present popular
innovative problem-solving methods.

Systematic Inventive Problem Solving

Systematic Inventive Problem Solving (SIPS) stands on two pillars. One is being systematic,
including regularity and following specific principles, and the other is being inventive, including new
and original ideas. In SIPS, some specific progressive rules are followed to produce new and original
ideas while using specific methods that are known to be successful. SIPS combines idea focusing
(TRIZ/Inventive Problem Solving, ASIT/Advanced Systematic Inventive Thinking) and idea-
generating (brainstorming, SCAMPER, CoRT/The Cognitive Research Trust Thinking Program)
activities.

TRIZ is the abbreviation of “Teoriya Resheniya Izobreatatelskikh Zadatch” in Russian, which
means the theory of inventive problem-solving. TRIZ is a technology-based approach to inventive
problem solving (Mazur, 1995). TRIZ has been around for years, due to its innovative problem-solving
capabilities in technology, design and engineering (Savransky, 2000). A study on engineering
students in the university level investigating the effect of TRIZ on creativity found that TRIZ has a
positive effect on creativity by increasing problem analysing, generating, selecting and executing a
strategy (Chang et al., 2016; Liu et al., 2020). Researchers have been working to simply TRIZ for the
school level (Turner, 2009). Systematic Inventive Thinking (SIT) or Advanced Systematic Inventive
Thinking (ASIT) has arisen from the work of Horowitz (2001a). ASIT focuses on technology and
design education in the class environment (Horowitz, 2001b, 2001c). ASIT simplifies the problem-
solving process and employs the “Closed Worlds (CW)” and the “Five Idea Thinking Tools (FITT)".
FITT includes following steps unification/use a thing with a new function, multiplication/provide a
copy or a modification of a thing, division/disassemble a thing and reshape it from it parts, object
removal/excluding a thing from the related system, breaking symmetry/changing the variables or
symmetric-asymmetric relations between their functions in the related system. Closed World is a
principle that indicates a solution to a problem should arise from the components, elements or
resources which already exist in the problem or close environment (Horowitz, 2001a). SCAMPER,
CoRT and brainstorming are idea-generating methods; brainstorming has become the cornerstone of
the problem-solving process (Osborn, 2004). SCAMPER is an earlier version of systematic problem-
solving for a technique developed by Eberle (1977), and it stands for Substitute, Combine, Adapt,
Magnify, Modify, Put to other uses, Eliminate or divide, Rearrange, Reverse (Deacon, 2000).
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SCAMPER is a method of asking questions about an object of interest to extend the horizon of
consideration for the object (Glenn, 1997; Giiven, 2008; Serrat, 2017; Silverstein et al., 2009). The
Cognitive Research Trust (CoRT) Thinking Program was developed by Edward de Bono (De Bono,
1991). The CoRT programme consists of six parts comprising 60 lectures, each consisting of ten
contents. Each content focuses on a single topic for example prediction, decision-making, problem
identification (De Bono, 1976, 1983, 1991).

The essential components of ASIT are included in SIPS, which combines the idea-focusing and
idea-generating tasks mentioned above. The main principle of SIPS is a “Closed World” (CW).
According to this principle, an inventive solution to a problem relies on the “problem world” or its
close environment components. In general, if the solution of the problem needs additional elements
from outside of the problem world then these kind of solutions are not accepted as inventive solutions
(Barak, 2003). In the problem-solving process with SIPS, the idea focusing activities are first
considered. The first thing is to determine the system's components that consist of the CW of the
problem Then, one or more FITT is/are applied to these components. Ideas generation techniques are
considered when applying FITT to elements in the closed world. SIPS is a combination of many
techniques and has an active structure. Number of techniques can increase or decrease depends on the
characteristics of the group studied and the problem.

SIT has been applied in Technology Education by Turner (2009). Barak and Goffer (2002)
organised a series of workshops based on SIT to the staff of a private company to improve their
innovative thinking. Langley, Arieli, and Eylon (2010) researched the Physics and Industry
programme, which is an elective, out-of-school activity and in close partnership with world-leading
electro-optics enterprise to investigate the effect of SIT over the real-world technological problem.
Barak (2006; 2009) investigated teaching based on SIPS by science and technology teachers and this
study states that problem-solving abilities are improvable. Barak and Mesika (2007) investigated the
effect of SIPS on junior high school pupils in which they observed an improvement on pupils that are
given opportunities to develop their own thinking methods not just in school but also outside of the
school. There isn't a lot of study on SIPS or inventive problem solving at the junior high school level,
and much less research has been done on the integration of SIPS or inventive problem-solving
activities into science curriculum.

In the present study, we infused the Light topic of 7t-grade junior high school science with
SIPS to determine the contribution of the method to the development of real-life inventive problem-
solving. The infusion approach embeds inventive problem-solving techniques in a curriculum
(McGuinness, 2005). The study's problem state is;

Does SIPS have an impact on 7*-grade pupils' real-life inventive problem-solving?

Subproblems are listed in the following part.

1. Does SIPS affect the 7 th grade pupils' solving real-life problems that are unrelated to the
light topic?

2. Do 7th-grade pupils use the basic processes (identifying components, using FITT) of SIPS?
What is the frequency of the use of FITT, one of the components of SIPS, while students are solving
problems?

Methods

We employed the mixed methods research design incorporating both qualitative and
quantitative methods (Adnan & Gokgek, 2012; Cepni, 2014). In the quantitative part of the work, the
quasi-experimental pattern, including pre-test, post-test, experiment, and control groups model, was
employed by the researcher to determine the effect of SIPS on students' problem-solving. In the
qualitative part of the work, the data from Inventive Problem Test IPT and interviews were analysed
using descriptive analysis (Loeb et al., 2017). A group of junior pupils, two classes in total, from same
high school taught by same teacher, were selected. One of the classes was randomly selected as the
experimental group and taught using a programme including SIPS.
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Participants

We have carried out the present work with 7th-grade students in Istanbul, Turkey. A junior
high school and 78 students were chosen randomly. We have grouped the students into two parts.
Each group consists of 39 pupils. Before this study, the pupils enrolled in this research had been
taught by the same teacher during the term. We used the Student Recognition Survey (SRS). The SRS
includes the questions related to personal information such as; gender, education level of their
parents, the employment situation of their parents, number of siblings, whether they have a study
room, etc. The analysis of the SRS revealed that the pupils had similar socioeconomic profiles. Then, it
was examined whether there was a significant difference between the academic achievements of the
pupils. We employed the one-way analysis of variance (ANOVA) test to determine whether the
difference in achievement scores of the experimental and control groups was statistically significant.
For this, mean score of science course Written Exam (WE) and scores of Level Determination Test
(LDL- 6. Grade) which were compared (Table 1).

Table 1

ANOVA results for Academic Achievement Scores of the Experimental and Control Groups

Sum of Squares df Mean of Square F p
LDL Between Groups 7320,912 1 7320,912 1,566 0,215
(6. Grade) Within Groups 355351,748 77 4675,681
Total 362672,66 78
WE Between Groups 18,513 1 18,513 0,044 0,834
Within Groups 31786,821 77 418,248
Total 31805,334 78

According to the analysis’s findings in Table 1, there was no significant difference in the
groups’s science course WE scores (p>.05) or their LDL- 6. Grade scores (p>.05).

Pilot Study

A pilot study was carried out to observe the implementation of SIPS, make the lessons more
effective, plan the time correctly, and research the validity-reliability of the data collection tools.
Several activities have been added to the SIPS structure by considering the characteristics of the
participants, the unit gains, and the literature review. However, a data collection tool with 18
problems was composed. Pilot study lessons for light topics conducted by the researcher were
recorded visually. It was trialled with eight 7th-grade pupils studying in different schools in Istanbul.
After the study, the time elapsed for each activity, the ideas produced by the pupils while solving the
problems and the use of SIPS were analysed with the observations in the courses and the evaluation of
the camera recordings. The data collection tool was examined by two scientists and two teachers for
content and construct validity leading to the removal of some items, leaving 9 problems.

Data Collection Procedures

In order to collect data in the selected school, a permission letter numbered 50457 was
obtained from the Istanbul Provincial Directorate of National Education through Marmara University,
Istanbul, Tiirkiye. We applied the experimental method over four weeks (four 40-min periods per
week). In addition to this time, we needed one week for the pre-test and post-test. We used one and a
half weeks to explain the SIPS method to pupils in the experimental group. During this time, the
components of the SIPS, Brainstorming, CoRT (Plus-Minus-Interest, Consider All Factors, Focus),
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SCAMPER, ASIT were explained using a different topic rather than Light. Then, by explaining the
structure of SIPS, examples of problem solutions were made with SIPS. The researcher taught the light
unit in both groups. This unit is made up of four main sections: light absorption and energy, colours,
refraction and lenses.

SIPS Based Teaching

The researcher carried out SIPS-based lessons in the experimental group in this work. An
example of a given Grade 7 Science course in the experimental and control groups is showed in the
Table 2 below.

Table 2

An Example of the Application of SIPS to Light Topic

Topic SIPS steps

Informing: Before starting the topic, a written research assignment was given about the
importance, effects, advantages, and disadvantages of solar energy.
Introductory Activities: The pupils were asked to express their opinions following their
research. The researcher demonstrated a visual presentation of the news published in the
newspapers about solar energy, including the subject's achievements. Later, students' opinion
about the topic were noted by the researcher. The titles of a few of the news items used in the
introduction are as follows:
1: Solar-powered cafe

Absorption  2: Produce electricity with solar cells and sell it to the government

of Light 3: The world's first solar-powered stadium

& Idea generation: Brainstorming was carried out about light energy. The problem at this stage is
Light Which tools we use daily can work with solar energy?

Energy **The experimental group was also asked this question:

A solar cooker that cooks with solar energy; List 3 positives, 3 negatives, and 3 exciting features.
Experiment Design: The pupils were asked to find a solution to one of the five problems in the
laboratory environment; with the experimental setup they would design using whatever
materials they have been given (coloured cloth, flashlights of different sizes, radiometers,
thermometer...). A few problems are:

Does the amount of light have an impact on the radiometer's rotational speed?

Does the radiometer’s rotational speed depend on how far away the light source is?

Does the amount of light have an impact on the temperature change caused by light on a
surface?

Sharing Experiences: Pupils were asked to share their experiences and explain the concepts in
their own words. The researcher made explanations, and information about the subject and
concepts was shared. The worksheet has been applied.

Idea Focusing: At this stage, one of the problems answered in both groups: How should
windows or curtains be designed to keep a sunny house warm in winter and cool it during
summer, even when the electricity is cut off (without using electricity)?

**Real-life problem solved by experimental group students through SIPS

The main difference of the SIPS-based course from the current program was producing
solutions. In this last step, the students were asked to solve the inventive problem post-test, where the
experimental group solved problems with SIPS.

In this work, the researcher also took the role of teaching two groups. The researcher has also
organized the management of the SIPS activities in the experiment group, data collection from both
groups, and checked the in-phase situation of SIPS with the Ministry of National Education
curriculum, etc. This approach is often referred to as "participant as an observer" (Marshall &
Rossman, 1989). Specific lessons materials for each section in the Light chapter have been equally used
in both groups during the research. Some lecture materials include the radiometer, flip-flap, colour
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filters, colour wheels, lenses, and PowerPoint slides. Also, additional sources such as worksheets have
been distributed to the students for extra activities and to efficiently use the class time.

Data Collection Instrument

In this study, an inventive-problem test was used to determine the contribution of SIPS to the
development of pupils' inventive-problem solving. In addition, the interview technique was used to
get the pupils' opinions about SIPS and its elements.

Inventive Problem Test

The researcher examined question styles in books provided by the Turkish Government and
textbooks published by other publisher. Seventh grade level problems were written considering the
gains related to the Light subject in the Current Science Curriculum. These were scrutinised by subject
experts. The Inventive Problem-Test (IP-T) was applied to both groups before and after. IP-T
comprises inventive problems defined as if they do not have a known solution method (Mazur 1995).
Inventive problems are real-life problems and don’t have solution manuals. Their solutions are not the
first thing coming to mind and are usually uncommon, uncertain, inadequate and ridden with
contradictions (Savransky 2000). IP-T has nine problems in total. While first seven problems are about
the gains of Light chapter, the last two problems are not directly related to those gains. Two of the first
seven problems (water curtain in steel mill and controlling wound under the bandage without
removing dressing) were adopted from the work of Mazur (1995). The rest of these problems (air
conditioning with window, cabinet sell in narrow shop, seeing small historical artifacts more clearly in
museums, destroying cancerous cells without damaging healthy tissues with X-rays, reducing the
reflection of lights on the shop window) were created by the authors. The last two problems (fish pool
and airport balloons) unrelated to the light topic have been inherited from the work of Barak (2006)
and they are adjusted to determine the effectiveness of the scientific knowledge during the inventive
problem-solving process. The papers problems written on were given to the students at the end of
each main section. The students were asked to type down their answers on this paper. These papers
were collected at the end of the lesson for data analysis.

Interview

A structured interview technique was employed to determine the thoughts of experimental
group pupils about the SIPS. It consisted of 15 questions. Five of them were adopted from Kapucu and
Yildirim (2007). These five questions were employed to learn what pupils' thoughts to TRIZ
education. Ten of the fifteen questions aimed to determine pupils' views on SIPS (CoRT, SCAMPER,
Brainstorming, and ASIT) activities.

Data Analysis

Problem solutions after the implementation of SIPS are considered as either "Traditional
Solution (TS)" or “Systematic inventive solution (SIS)” (Barak, 2006). In this study, students' problem
solutions were grouped in 7 categories given in Table 3: Idea Without Solution (IWS), Non-Related
Idea (NRI), Wrong Idea (WI), Traditional Solution (TS), Good Traditional Solution (GTS), Systematic
Solution (SS), Systematic Inventive Solution (SIS). GTS has been defined as an original solution that is
not inherent in the problem but can be achieved by adding a new element. SS includes answers in
which students focus on a component in the closed world of the problem but do not contain
innovative elements.
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Table 3

Inventive Problem Evaluation Scale (IP-ES)

Solution Explanation

Idea Without Solution (IWS) There is neither answer nor clear answer to the problem

Non-Related Idea (NRI) Solution for a different problem

Wrong Idea (WI) Gives opposite or wrong answer to the problem solution

Traditional Solution (TS) Adding new element which is not from the CW

Good Traditional Solution (GTS) Good solution with adding new elements that are not component of the CW
Systematic Solution (SS) Focused on a component of the CW but idea is not inventive

Systematic Inventive Solution Focus on a component of the CW. Innovative solution by trying to change
(SIS) the physical properties (size, colour, shape, stiffness, etc.) of components,

add a modified copy of a component to the system, remove a component
from the system, or change its relationship or function with other
components in the system

Descriptive analysis was employed to analyse the qualitative data obtained within the aim of
the research. According to Loeb et al. (2017) when it comes to identifying and defining trends in a
group, descriptive analysis is an essential part of almost every experimental work and report. In this
study, descriptive analysis was employed to determine the experimental group's views regarding the
use of the SIPS structure as well as the effect of SIPS on their inventive problem-solving. The data can
be arranged according to predetermined themes and presented by considering the questions used in
the interview and observation processes. In a study in which descriptive analysis is used, direct
quotations from observed individuals are frequently included (Yildirim & Simsek, 2008). In this work,
direct quotes from the students' interviews were included. These answers were grouped in three; yes,
no, and uncertain. Later, the percentage of findings belonging to the interview was determined. Also,
the interview results were investigated using descriptive analysis.

The answers of 20 randomly selected pupils from the experimental (n=10) and control groups
(n=10), corresponding to 25% of whole group, were categorised and compared according to IP-ES by
the researcher and two science experts for reliability.

Findings

In this section, the answers given by the students to the IP-T and the interview were
examined. We have organized the findings according to themes built upon research problems: the
impact of SIPS on inventive problem solving, the learning of SIPS structure, the effect of SIPS on solving
inventive problems which are not directly related light topics and students’ examples and reflections on the
method. The findings obtained in this context are presented in line with the titles.

The Impact of SIPS on Inventive Problem Solving
In order to determine the impact of SIPS learning on pupils' inventive problem solving, IP-T
results of the experimental and control groups were compared. The total percentages of answers for

IP-T as pre-test and post-test classifying according to IP-ES are given in Table 4, summarising the
result obtained from IP-T.

56



Demirci Sayg1 & Sahin, 2023

Table 4

Percentage Answers of Experimental and Control Group Pupils to Problems in the IP-T

Idea Non- - Good . Systematic
. Wrong Traditional L Systematic .
without related . . Traditional . Inventive
. idea Solution . Solution .
Group-test solution Idea (%) (%) Solution (%) Solution
(%) (%) ’ ’ (%) ’ (%)
Exp. Pre 18.3 3.6 5.4 28 74 27.5 9.8
Exp. Post 17.1 3.1 3.5 13.3 5.8 24.7 325
Control Pre 24.9 3.4 42 24.6 5.34 28.8 8.8
Control Post 35.8 3.8 3.6 20.4 5.3 23.6 7.6

The results of the pre-tests showed that both groups were at almost equal levels in producing
inventive solutions. It is seen in the pre-test that the traditional and systematics solutions are
employed mainly by both groups. This is consistent with Barak (2006). The experimental group
preferred traditional solutions (28%) to systematic inventive solutions (9.8%) at the beginning.
However, after the intervention the preference for traditional solutions had dropped (13%) in favour
of systematic inventive solutions (33%). On the other hand, we do not observe such a change in the
control group. We can accordingly comment that the current education programme does not
considerably affect the development of systematic inventive solutions.

The Learning of SIPS Structure

Table 5 shows if the experimental group responded to problems or not, identifying the
components of the CW, determining which of the FITT employed and the number of systematic
inventive solutions obtained from the answers. Students provide more than single answer for some of
the problems. Table 5 has all of the provided IPT answers in their entirety.

Table 5
Findings of the Experimental Group’s Use of SIPS

. Number of Numbejr of Number of
No Answer Total Pupils who . pupil .
. solutions to . systematic
answer given Number of wrote . systematic . .
Problem . which tool ; . inventive
Solutions ~ Components . . inventive .
Number used is written . solutions
solutions
1 5 34 50 28 24 16 26
2 4 35 47 28 14 5 5
3 3 36 46 13 11 14 15
4 5 34 47 10 4 12 24
5 4 35 52 36 33 24 25
6 14 25 25 25 3 15 15
7 8 31 37 17 9 18 18
8 11 28 37 24 2 1 2
9 17 22 28 21 4 2

Although the experimental group was not instructed to write the components or FITT on the
papers, the group showed a tendency to write about 72% of the components in total. The experimental
group mainly determined the components of the problem. However, most did not outline which tool
they used to solve the IP-T. The component writing or the tool writing ratio varied depending on the
problem. The number of students shows a decline in answering problems related to an unknown topic
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(8th and 9th problems) or a problem related to a technological application (4th and 6th problems) of
known Light topic.

A few examples about components writing and using FITT are given below. The first example
is about “component writing” for a problem in the IP-T. The problem is “A seller who wants to show
each colour of a cabinet in his/her shop, however the shop is very narrow to do this. How can you
help the seller solve this problem? Students from the experimental group extract components from the
problem itself, which forms the CW as below;

Pupil 1: Customer, seller, cabinet, shop

Pupil 2: Shop, cabinet, air, seller, board, colour, narrow, customer

Another example is about “component writing” for a different problem of “How a seller can
design his/her shop windows to reduce the reflection of daylight and streetlights that make it difficult
for customers to see window products?”

Pupil 3: Shop, window, stores, customer, light, street

Pupil 4: Stores, window, glass, light, streetlight, customer, products, eye

An example about writing the FITT to the problem “The steel mill has a water curtain to
protect workers from overheating. But this water curtain does not cut the light, what would you
recommend for it?” (Mazur, 1995) is a few of them listed as below;

“Unification of steel: The steel produced in the steel factory should be placed in front of and behind the
water curtain, and then steel balances both heat and Light”

“Multiplication of water curtain: I change the colour of the water. The water curtain reflects Light
back”

“Breaking the symmetry of the water curtain: I add too many different shape water curtains to the
light’s incoming direction.”

Another example of writing the FITT for a given problem of “Precious, small historical
artifacts found in museums need to be preserved. For this, they are placed inside the glass bells.
However, the writings and figures on them showing the characteristics of their periods do not look
very well. What can be done to protect these valuable and small artifacts while making them look
clearer?” is below;

“Unification of glass bells: The glass bell’s glass is made in the form of a thin-edged lens. Glass bell
becomes a magnifying glass. The contents of the historical artifacts appear larger.”

“Multiplication of historical artifacts: I substitute fake artifacts instead of a real one. I put it on a
smaller glass bell. Thus, the artifact and the details on it are seen more easily.”

The third problem in IP-T is “controlling wound under the bandage without removing
dressing”. The answers for this problem were examined according to IP-ES. The systematic inventive
solution rate was 24% in the pre-test and 46.2% in the post-test for the experimental group. In the
control group, these rates were 14.6% and 15.4%, respectively. Some of the answers given to this
problem and their category according to IP-ES are given below;

“Use some types of rays, we can see if the wound has healed without removing the bandage.”

“If this wound has not healed and there is inflammation, it will be blood sample can be taken”

“Let’s make a tool, put the tool under the bandage and check the wound with a camera and see it.”

Of course, these answers are not considered as innovative because the solutions proposed
require introducing external components into the system. However, they may be regarded as
"traditional” or "good traditional" solutions. These external components are not naturally present in
“the world of the problem”. Some of the answers given for this problem were “systematic solutions”:
Could check if it hurts before removing the bandage/ I see if the bandage bleeds/ Touching. The "transparent
bandage" response for this problem is in the “systematic inventive solution” category. Because it added
a modified copy of a component to the system by changing the physical properties of "bandage".

A subsidiary aim of this work is to determine the frequency of use of FITT. So, we have
analysed the FITT's statistics, during the experimental group's solution process. Figure 1 shows the
comparison of the FITT’s used by the students while solving inventive problems, as a percentage.
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Figure 1
Comparison of FITT’s Used by students While Solving IP-T (%)
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In our work, we have observed that the pupils mostly preferred “multiplication” (60%) to
solve the problems and the least preferred one was “division” (2%).

The Effect of SIPS on Solving Inventive Problems Which Are Not Directly Related Light
Topics

There are two problems in IP-T to determine the impact of SIPS on inventive solutions for an
unknown topic. These problems do not directly involve the gain of the Light unit. One of these
problems is the “Fish taken at sea are kept on fishing vessels in huge pools until they are brought
ashore. The fish must be made to swim quickly inside the pools, much like they would in the open
sea, to preserve their delicate flavour. Do you have any ideas for how to solve this issue?”(Barak,
2006). The experimental group presented no inventive solutions for this problem in the pre-test while
the control group yielded one. The inventive solutions are given only by the experimental group in
the post-test at the rate of 4.5%. Approximately 45% of the answers were given “systematic solution”
in the post-test in both groups. “Traditional solution” examples for this problem are given below.

“1 put mirrors in the pool. The fish get scared as they move toward the mirror; they keep moving in
order to run away from each other.”

“If we put a motor as in an aquarium into this pool, water in the pool would be fresh all the time so fish
always stay alive and fresh during the transport.”

These answers have been traditional because new items such as mirror and motors have been
added outside the CW. Some of the typical “systematic answers” can be listed as follows:

“I put seawater in the pool”

“Increase the depth of the pool”

“I enlarge the pool”

“Pool should be narrow and long”

“Some sea plants can be placed into the pool and the fish feel like at sea”

These answers involve changes in the components of the system, but they do not include
innovation. Hence these answers are in the category of systematic solutions. The answers "Very small
and fast fish should be put into the pool and the big fish would run after the small fish” or “Since big fish eat
small fish I add big fish to the pool. Small fish try to escape from the big fish to avoid being eaten and then they
must keep moving." are accepted as “systematic inventive solution” because adding a modified copy of
a CW of the problem.

In the IP post-tests, the experimental group produced more inventive solutions to the
problems than the control group. Table 6 shows the answers to each problem found in IP-T.
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Table 6

Findings of Experimental and Control Group Students’ Responses to Each Problem in the IP-T

Idea without Non- Wron  Traditional Good Systematic Systematic
Problem  Group-Test solution related gidea Solution Traditional Solution Inventive
(%) Idea (%) (%) (%) Solution (%) (%) Solution (%)
Experimental Pre 10,2 154 2,6 48,7 2,6 2,6 17,9
Experimental Post 9,1 7,3 3,6 18,2 7,3 7,3 47,2
1 Control Pre 2,2 20 0 37,8 67 22 11,1
Control Post 23,8 19 4,8 33,3 4,8 4,8 9,5
Experimental Pre 12,2 49 2,4 12,2 2,4 58,6 7,3
Experimental Post 7,9 39 3,9 9,8 9,8 54,9 9,8
2 Control Pre 17,9 5,1 2,6 17,9 0 53,9 2,6
Control Post 35 2,5 5 17,5 2,5 37,5 0
Experimental Pre 52 0 0 25,6 7,7 41 20,5
Experimental Post 6,1 0 0 16,3 8,2 38,8 30,6
3 Control Pre 10 0 0 46 2 30 12
Control Post 17,5 0 0 25 2,5 45 10
Experimental Pre 28,6 0 0 16,6 2,4 28,6 23,8
Experimental Post 9,6 7,7 3,8 17,3 7,7 7,7 46,2
4 Control Pre 29,3 0 0 49 49 46,3 14,6
Control Post 41 0 0 15,4 51 23,1 15,4
Experimental Pre 7 0 14 18,6 23,2 18,6 18,6
Experimental Post 71 0 10,8 71 12,5 17,9 44,6
> Control Pre 14,6 0 49 17,1 7,3 19,5 36,6
Control Post 35,9 0 51 12,8 12,8 10,3 23,1
Experimental Pre 35,8 7,7 2,6 51,3 2,6 0 0
Experimental Post 35,8 2,6 51 18 0 0 38,5
6 Control Pre 51,3 51 12,8 28,2 2,6 0 0
Control Post 64,1 51 7,7 15,4 0 2,6 51
Experimental Pre 17,1 0 12,2 19,5 12,2 39 0
Experimental Post 17,8 0 0 11,1 2,2 28,9 40
7 Control Pre 23,9 0 10,9 19,6 6,5 39,1
Control Post 25 0 10 25 5 30
Experimental Pre 24,4 0 44 444 13,4 13,4 0
Experimental Post 22,9 4,2 2,1 8,3 472 54,1 42
8 Control Pre 31,8 0 2,3 34,1 13,6 18,2
Control Post 45 5 0 25 12,5 12,5
Experimental Pre 23,9 43 10,9 15,2 0 45,7
Experimental Post 37,8 2,2 2,2 13,3 0 40 45
? Control Pre 22,8 0 4,5 15,9 45 50 2,3
Control Post 34,9 2,3 0 14 2,3 46,5 0

The first seven problems differed from the last two problems in terms of both the number of

systematic inventive solutions and the number of pupil who produce inventive solutions. The

experimental group produced a greater number of inventive solutions to a problem related to the light

than the control group. The percentage of systematic inventive solution to the last two problems was
quite low.
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Pupils’ Examples and Reflections on the Method

Table 7 shows that the quantitative findings obtained from the interview in which the
opinions of the students in the experimental group about the program and components of the SIPS
were obtained.

Table 7

The Interview Questions and The Responds of the Experimental Group

No Not Sure  Yes

Questions % % %
Did you like the way this topic was taught? 15 9 76
Do you think you can make independent decisions easier after this topic? 6 31 63
Do you trust your feelings and abilities rather than the advice of others? 12 24 64
Do you think to try of new inventions? 25 41 34
Do you think your communication skill did improve? 12 23 65
Do you believe that the activities you learn in the lessons will help you solve any 6 23 71
problems you encounter in your daily life?

Do you think now that you can easily solve a problem you encounter? 6 28 66
Do you think it is easier for you to come up with ideas about a given topic? 13 23 64

Do you think you can now feel more comprehensively about a given topic? 3 195 77.5
Do you think you can now focus more on what you think? 3 19.5 77.5
Do you think the best solution is the most practical for a given problem? 6 32 62
Do you think an object can be multifunctional? 7 10 83
Do you think the subjects taught at school are helpful in everyday life? 6 24 70
3

Do you think you are now able to consider a topic from different perspectives? 33 64

In addition to these answers written by the pupils, a camera recording was also taken so that
they had the opportunity to express their answers more clearly. The interviews revealed that of the
pupils in the experimental group, 76% of the whole group enjoyed how the unit was taught. In
relation to this, some of the answers to one of the questions, "Did you like the way this topic was
taught?" from the interview are:

“Solving these questions (IP-T) may have helped me develop my self-confidence.”

“I enjoyed the lesson. The questions were very developing.”

“I think it was a very good work, it was sometimes hard to follow.”

“I believe it was worth our time, and I learned a lot thanks to them.”

It is seen from the table that 78% of the group think that they can be more comprehensive and
focused on a given problem. 70% of the group think that what they learned at school could help them
in daily life. One answer given to the question “Do you believe that the activities you learn in the
lessons will help you solve any problems you encounter in your daily life?” is

“Yes, I think it helps. For example, I used the plus-minus-interesting tool, one of the methods we
learned while deciding to go to our village with my family this summer holiday. The plus of going to the town; is
on the way to the village, I will see new places and get fresh air. The minus aspect; as I thought I would be alone
when I went there because all my friends are in Istanbul. The interesting aspects, I will be in touch with nature,
and I am interested in seeing new things. I considered these when making our decision.”

Eighty-three percent of the students think an object can be used multifunctional rather than
one function. Although most of the pupils think that they are not able to invent (65% of the group say
either “no” or “not sure”). We believe that this could be improved if this way teaches them in a wider
time interval. The students thought that the study contributes to their inventiveness abilities.
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Conclusion and Recommendation

In this work, we investigated the effect of SIPS on the development of the inventive problem-
solving skills of junior high school pupils. We employed SIPS in infusion mode, combining SIPS with
the current programme based on the national curriculum. From the pre-test we observed that the
pupils were not good at producing inventive solutions to given problems. The analysis of the findings
from the current study revealed that the experimental group showed progress in the development of
systematic inventive problem solving, which is in good agreement with the existing literature (Barak,
2013; Belski, 2009; Demirci-Saygt & Sahin, 2017; Kapucu & Yildirim, 2007; Karatas & Ozcan, 2010;
Kurtulus, 2012; Moon, Ha & Yang, 2012; Stern, Biton & Ma’or, 2006). On the other hand, the control
group was taught according to the official curriculum without SIPS, and we did not observe any
considerable improvement in their systematic inventive problem-solving. From the experimental
group, it is seen that SIPS is an efficient way to produce inventive solutions. Pupils devise answers
drawing on not only the topic at hand but others also (e.g., motion, energy, lifting force, electricity..).
However, this has not been the case for the control group. So, we can conclude that field knowledge is
not enough to produce inventive solutions, although it is necessary.

When considering the use of SIPS, the pupils generally determine the components of a
problem’s CW. The second step of SIPS is applying FITT to the problem's components. At this stage, it
was examined which principles the pupils mostly used in solving the problems and whether they use
a single principle or more. The pupils mostly used the “multiplication” strategy to produce inventive
solutions. After multiplication, it was apparent that the breaking symmetry, unification, object
removal, and division tools, respectively, were used by the pupils. This result differs from FITT in
patents (Savransky, 2000). This ranking tends to differ in different studies and shows that there is no
single prescription for FITT which applies in all cases (Moon et al., 2012). Each tool has a key role in
inventive problem solving, depending on problems and groups. The pupils employed FITT one by
one while producing inventive solutions in our work. However, it can also be considered as a
combination of all FITT to create inventive ideas (Barak, 2006). Due to the limited time of application,
this development was not observed in the pupils. However, results suggest that they had internalised
the fundamentals of SIPS, and they noticed that the inventive solution is already embedded inside a
problem and could be extracted by variations occurring in some components of the problem.

The structure of SIPS is based on engineering, technology and design and it is adopted
activities for the classroom environment (Barak, 2004). This work also demonstrates those activities
have effects on students' inventive problem solving (Uzel & Bilici, 2022; Ergiil & Calis, 2021).

While the systematic inventive solution rates in the experimental and control groups were
10% and 9% before the intervention, these rates became 33% and 8% respectively after the
intervention. This result is important because it shows that inventive problem-solving ability can be
improved and will affect the consideration of educators, various job groups, families, and students
about inventive thinking. We believe that this will lead teachers and school administrators to develop
positive attitudes toward improving their programmes and push them to encourage inventive
thinking performance in schools. Besides, it will increase the internal motivation of inventive idea
generation, which is important for inventive problem-solving.
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