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Abstract. Student motivation has emerged as a major issue in mathematics
education in recent years. Utilizing the capabilities of contemporary technology
and the accessibility of a STEM environment is crucial for the creation and appli-
cation of educational materials. Integration of the created resources will increase
the interest of students to pursue in-depth studies of science and math. In this
paper are presented the results of the conducted study on the effectiveness of us-
ing problem-based learning (PBL) modules to learn mathematics. The study was
carried out in Israel with the participation of teachers and ninth graders. As part
of our research, we created a novel program and conducted an experimental study,
evaluated its impacts on the designated target groups, and analyzed how the pro-
gram affected student subgroups. Pre- and post-program questionnaires measured
ability feeling, relevance perception, and motivation. The results of the analysis of
the students indicate a considerable rise in the motivating factors associated with
self-esteem and the utility of mathematics training.
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1. Background The main purpose of the international studies of the Program
for International Student Assessment (PISA) and the International Mathematics
and Science Study (TIMSS) is to assess various aspects of how students learn and
compare education systems in different countries.

Based on the results of the PISA and TIMSS studies in recent years, govern-
ment institutions, partners from the field of higher education, and other fields set
themselves the goal of increasing reading, mathematics, and science literacy.

In general, this includes (Tramonti 2020):

Encouraging a positive attitude towards STEM
Increasing awareness of science in society;
Modernization of the learning process in natural sciences at school;

Stimulating students' interest in STEM disciplines and, as a result, increasing
students' orientation to professions in STEM fields;

Achieving gender equality in educational institutions and STEM-related pro-
fessions.
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In this context, the need to modernize teaching methods to stimulate students'
curiosity and motivate them in the educational process is outlined. This determines
the need for systematic support for teachers who teach in a STEM environment.
In recent years, efforts have been made to create an integrated learning environ-
ment for a new generation in Bulgarian schools (construction of STEM centers and
classrooms). In this regard, the presented research is relevant and would contribute
to the exchange of experiences and good practices both for supporting teachers in
mathematics education and for student motivation.

In Bulgaria, there is experience with the creation of resources focused on the
research approach to mathematics education. Geometric figures are used in dynamic
software for solving tasks related to games (Chehlarova 2021; Chehlarova 2022); in
the study and restoration of artifacts (Chehlarova 2021); when applying technologies
such as augmented and virtual reality (Chehlarova & Chehlarova 2020), etc. STEM
educational resources are promoted in Bulgaria and by IMI-BAS as part of the
international STEMPD-Net network of leading European centers for the professional
development of STEM teachers (Chehlarova et al. 2018; Chehlarova et al. 2021).

Numerous researchers are interested in STEM education in Israel. STEM courses
— science, technology, engineering, and mathematics — are regarded as foundational
subjects in the school system. Nevertheless, during the last ten years, difficulties
have been noticed in their study.

To promote STEM learning, many curricula and experimental STEM teaching
strategies have been created in Israel (Kearney 2016). However, despite all these
investments in the development of STEM skills, mathematics and science subjects
in schools are still perceived by students as difficult and uninteresting, and there are
even significant gender differences in these subjects (Rap 2022).

According to Landman's research (Landman 2017), junior high school and the
transfer from junior high to high school represent the primary bottlenecks for high-
level mathematics and STEM courses in general, particularly in the state of Israel.

Students in Israel have become less motivated to pursue advanced mathematics
studies in recent years, primarily due to a lack of awareness of the advantages and
practical applications of this field.

In middle school, STEM and math skills work hand in hand (English 2016, Leung
2020). Increasing the amount of time students spend studying in junior high school
math classes shows how applicable mathematics is to real-world situations, and how
STEM subjects are used in the workplace, help students develop their problem-
solving abilities, and boost teacher satisfaction with the subject. Most importantly
— it assists more students to learn STEM and advanced mathematics in high school.

Numerous studies show that a student's transition from junior high to high school
is crucial. The sharp decline in the proportion of children enrolled in advanced math
classes is due to the following reasons (Kearney 2016; Landman 2017):

° insufficient knowledge of STEM professions in general and the op-
portunities they provide for the future realization of students;

. insufficient justification of the need for the study of mathematics
and natural sciences;
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° lack of motivation to invest time and effort in learning mathematics
and natural sciences;

° insufficient confidence from teachers in students' abilities;

° steering female students into non-science careers due to prejudice.

We can identify three factors that influence students' decisions to study these
subjects at the secondary level: understanding of the importance of the subject,
understanding of the effectiveness of studying these subjects for realization, and
motivation to invest effort and time in learning.

2. The pedagogical idea and STEM modules

The primary hypothesis of the study is that we can positively influence students'
decisions to pursue math and science by encouraging them to participate in inclusive
STEM subjects that are relevant to their everyday lives in ninth grade. We can
also influence students' attitudes towards these subjects, and more specifically their
perception of importance, their sense of competence, and their motivation. We
combined problem-based learning with the study of realistic topics based on STEM
knowledge and skills to experiment. We also explored the impact of this combination
of learning and engagement with these topics on student and teacher perceptions and
its influence on choices for further mathematics study.

Five STEM-based modules were developed to implement the experimental learn-
ing. The modules are about realistic topics and are aligned with the learning content
studied in the 9th grade (solar energy; flat screen TV; “iron drome” system; GPS;
car safety systems).

The modules are about realistic topics and are aligned with the learning content
studied in the 9th grade. During the development and implementation of the training
modules, requirements for:

. illustrating the process of transition from science to technology (Fal-
loon et al. 2020; Julia & Antoli 2019);

° acquiring practical experience in the laboratory or through simula-
tion;

° integrating natural sciences;

° mathematics or other subjects from the curriculum for 9 class;

° combining knowledge from academic disciplines, general knowledge,

and skills for independent learning;

° individual approach in assigning tasks to students according to their
level, which guarantees their successful implementation;

° learning in small groups with a PBL approach;
° summarizing task that connects knowledge in science and mathe-

matics with the main problem addressed in the module.
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A schematic pedagogical structure is shown on fig. 1.
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Figure 1. Schematic pedagogical structure

Three to four lessons are scheduled for each module. During instruction, chil-
dren are split up into groups of two to three and given assignments to accomplish.
Teachers of science, math, and language are present to assist and direct students as
needed.

The mathematics and science teachers participating in the experiment underwent
preliminary training to successfully apply interdisciplinary, multidisciplinary, and
PBL techniques (Kelley & Knowles 2020; Brand 2020).

An example of a STEM module (see fig. 2 and fig. 3) is: FLAT SCREEN TVS:
how do they work? What is color and 4K, and what does math look like on the
screen?

Opening: historical overview of the development of flat screens.

Dimensions of screens in inches. The meaning (diagonal) and converting units
to cm. Ratio 3:4 and 9:16. Finding the dimensions of the screen, length
x width, and area from the diagonal and the ratio using the Pythagorean
theorem.

Pixel definition, colored pixel structure. Building a color from the 3 basic RGB
colors.

Laboratory experiment (virtual): combining primary colors in different inten-
sities to build new colors.

Different resolution settings HD, 4K, 8K. Meaning about the required pixel
size at each screen size. And how does it compare to the separation ability of
the human eye. The relationship between pixel size and viewing distance.

Setting the primary color intensity as a number 0 — 255. 3 numbers to represent
color. Memory size required to store image.

Image refresh rate, the diagnostic ability of the human eye. Create a video
part of a sequence of images. Eadweard Muybridge's Experiment: Studies in
Motion
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e Calculating the size of an image file, a full-length movie in 4K resolution, and
understanding the need for video compression.

A taste of the activity:

Each colored pixel consists of 3 LEDs, red, green and blue.
Each LED can be set to a different brightness. The color seen is the
mixing of the colors.

The pixel appears white when all colors are at maximum intensity.
How do you think a black pixel is represented?

How do you think a red pixel will represent? green? blue?

A widget that illustrates the assembly of colors from the basic colors:
‘Choose RGB and play with the lights' intensities
https://phet.colorado.edu/sims/html/color-vision/latest/color-

vision en.html

Figure 2. Flat-screen TV module: the assembly of colors

* How many bytes of memory cells are required per pixel?
* How manv memorv cells are required to display an image in the
different resolutions?

Technology name | No. of pixels | No. of pixels | Total number Number of Number of
on width on height of pixels memory cells memory cells
required for a required for a
complete image | complete image
{exact (in abbreviated
calculation) writing)
FHD (Full HD) 1920 1080
UHD 4K (Ultra HD) 3840 2160
8K 7680 4320

* Why does the higher resolution image require more memory?
* Will a larger screen require more memory?

Figure 3. Flat-screen TV module: memory size calculation

During the 2022 — 2023 academic year, the study was carried out in 6 middle
schools. 584 9th-grade students participated in the program, including 266 boys and
318 girls.

3. Results

Students completed motivational questionnaires before and after the intervention
program (Fiorella et al. 2021). The questionnaires contained 19 questions testing 5
motivational components. We calculated the average of all responses to the questions
related to the same motivational component. For some components, the standard
deviation was also calculated to test the significance of the responses.
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As part of the questionnaires, students also answered questions about the im-
portance of studying mathematics before and after the intervention program. The
answers to these questions were analyzed to check if there were repetitions, what
they were, and how many times they were repeated in the students' answers.

As part of the evaluation of the effectiveness of the intervention program, stu-
dents' motivational components for learning mathematics were examined using the
questionnaires. The value scale ranges from 1 to 5, where 1 is the lowest value of
the agreement and 5 is the highest value of the agreement.

We can divide the data analysis into two categories of motivation components:

1. The components related to the relevance of the studied material — the factors
addressed by the intervention plan:

e intrinsic value
e utility value

2. The learner-based components — the factors that are not relevant to the
intervention plan:

e test anxiety
e self-regulation
o self-efficacy

Table 1 shows the average values of the motivation components, divided into boys
and girls, and subdivided into high- and low-level students in mathematics.

Table 1. Values of the motivation components before and after the intervention
program, subdivided into subgroups

Intrinsic Utility Test Self-regu-  Self-
Popula- value value anxiety lation efficacy
tion Ho- B A B A B A B A B A
All 584 3.0 3.8 35 3.5 3.5 3.5 3.8 4.0 3.7 3.1

3.7 3.8 3.2
4.2 3.6 3.1
4.0 3.8 3.2
. . 3.4
4.3 3.8 3.0
3.9 3.3 2.9
3.6 3.6 2.6
4.2 3.1 3.3

Male 266 3.1 3.6 3.6 3.3 32 3.3
Female 318 2.9 41 3.5 3.7 3.8 3.7
HLA 456 3.2 3.9 3.7 3.5 3.6 3.5
HLM 213 3.2 3.7 3.6 34 32 3.4
HLF 243 3.2 4.0 3.7 3.7 3.8 3.6
LLA 128 2.5 3.6 3.3 34 35 3.3
LLM 57 2.7 3.0 3.5 3.1 32 3.0
LLF 71 2.3 44 3.1 3.8 3.7 3.8

A e el e
NoNuRNwvwoN
w
\]

w
o0

Legend: B — before; A — after; HLA — high level all; HLM — high level male;
HLF — high level female; LLA — low level all; LLM — low level male; LLF — low level
female.

The components related to the relevance of the studied material — the factors
addressed by the intervention plan:

124



On Integration of STEM Modules ...

e intrinsic value: from the data, it appears that the values of intrinsic value
increased significantly in all population groups, and especially among girls. For
example, scores increased from 3 to 3.8 in the general population, an increase of
approximately 26%, and from 2.4 to 4.1 in the female population, an increase
of approximately 70%;

e utility value: no significant changes were found, except in the group of girls
studying at low levels, where there was a significant increase from 3.1 to 3.8,
corresponding to an increase of about 23%;

e test anxiety: no significant changes were found;

e self-regulation: a slight increase was found mainly in girls and students with
low learning levels;

e self-efficacy: a decrease was observed in all populations, except for girls
studying at a low level. The results are lower, probably due to the increase
in the level of studies experienced during the year and it is possible that the
complexity of the STEM units also contributed to this.

To better understand the impact of the program on the intrinsic value compo-
nent, which is the key component targeted by the program, a comparison was made
between the mean and standard deviation before and after the intervention program
in the different populations (table 2).

Table 2. Mean and standard deviation of the values of the “intrinsic value”
before/after the intervention program in the segmentation by subgroups

Standard

Population no Average deviation
) before after before after

all 584 3 3.8 1.2 0.9
male 266 3.1 3.6 1.2 1
female 318 2.9 4.1 1.2 0.7
high level — all 456 3.2 3.9 1.1 0.9
high level — male 213 3.2 3.7 1.1 1
high level — female 243 3.2 4 1.2 0.8
low level — all 128 2.5 3.6 1.1 0.9
low level — male 57 2.7 3 1.2 0.7
low level — female 71 2.3 4.4 1 0.6

From the analysis of the data, it is clear that the average sense of intrinsic value
has increased for all, while the standard deviation has decreased, and the significance
has increased. The most significant change is in the female population, where the
mean score increased from 2.9 to 4.1 and the standard deviation decreased from 1.2
to 0.7. When girls are divided into subgroups, it can be seen that girls studying at
a high level increased from 3.2 to 4, while the standard deviation decreased from 1.2
to 0.8, and girls studying at a low level increased from 2.3 to 4.4, while the standard
deviation decreased from 1 to 0.6.
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From the analysis of these data, it is clear that the intervention program increases
the sense of intrinsic value of studying mathematics while decreasing the differences
between students' feelings.

The results of the studied indicators by groups are presented in the fig. 4 — 6.

Intrinsic value

5,0
4.5
4,0
3,5
3,0
2,5
2,0
15
1,0
0,5
0,0

male female high level - high level - high level - low level - low level - low level -

all male female all male female

B Intrinsic value before M Intrinsic value after

Figure 4. “Intrinsic value” values before/after the intervention program in the
segmentation by subgroups

utility value
5,0
4.5
4,0
3,5
3,0
2,5
2,0
15
1,0
0,5
0,0
male female high level - high level - high level - low level - low level - low level -
all male female all male female

m Utility value before  m Utility value after

Figure 5. “Utility value” values before/after the intervention program in the
segmentation by subgroups

Students were asked an open-ended question, “Why do you think it is important
to study mathematics?”. We conducted a thematic analysis of responses to this
question among students who indicated before and after the intervention program
that studying mathematics was important to one degree or another.
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Figure 6. Students' stated reasons for the importance of studying mathematics by

cluster, before and after the program, broken down by gender

From the analysis of these data, it can be concluded that the intervention program
increases the motivational components related to the relevance of the subject matter.

4. Conclusion

The study aimed to verify whether the integration of STEM lessons during ninth-
grade mathematics classes can increase students' motivation to study mathematics
by increasing their sense of the value and usefulness of the subject.

Analysis of the results shows that the motivational components related to self-
esteem and usefulness of mathematics instruction increased significantly. Self-esteem
increased by 26% for the general population and 70% for girls. The sense of useful-
ness increased by 23% among girls studying at a low level.

The increase in self-esteem in studying mathematics is significant, both in terms
of increasing the mean score and decreasing the dispersion, and it is seen in all
subgroups of the study, i.e., boys and girls, low-level learners, and high-level learners.

Students' reasons for studying mathematics evolved following the program from
general statements such as “it will help in life” to more concrete statements such
as “mathematics is useful in daily life”. This phenomenon is also observed in all
subgroups of the study.

In conclusion, it is quite clear that the program is achieving its goals, strength-
ening students' sense of the value of studying mathematics in 9th grade, and thus
helping to increase their motivation to study mathematics.

When students realized that math is not just solving known exercises, and math
careers are not just math teachers, but math is the language of high-tech life, their
motivation to learn and endeavor in math learning is growing.
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It is worthwhile to develop more STEM units of this type, and it is important to
also choose topics that teenage girls care about to further strengthen their sense of
relevance.

Appendix A. Students' periodic questionnaire:

N R S U A
No. Dimension Question 1 2 3 4 5
1 Intrinsic I enjoy learning math
value
2 Test anxiety 1 am nervous about how I will do on the
math tests
3 Self- If T am having trouble learning the math,
regqulation I try to figure out why
4 Test anxiety I become anxious when it is time to take
a math test
5 Self- I put enough effort into learning the math
regqulation
6 Self- I use strategies that ensure I learn math
requlation well
7 Utility value I think about how learning math can help
me get a good job
8 Utility value 1 think about how the math I learn will
be helpful to me
9 Test anxiety 1 worry about failing math tests
10 Test anziety I am concerned that the other students
are better at math
11 Utility value I think about how learning math can help
my career
12 Utility value 1 think about how I will use the math I
learn
13 Self-efficacy 1 am confident I will do well on math
assignments and projects
14 Intrinsic I find learning math interesting
value
15 Self-efficacy I believe I can master the knowledge and
skills in the math course
16 Self- I prepare well for math tests and quizzes
regulation
17 Intrinsic I like math that challenges me
value
18  Self-efficacy I am confident I will do well on math tests
19  Self-efficacy 1 believe I can earn a grade of “A” in the

math course

Legend: N — never; R — rarely; S — sometimes; U — usually; A — always.
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Appendix B. Students' periodic interview:

1. Is it important to study mathematics? Please detail and explain.
2. Is it important to study science? Please detail and explain.

3. Can I succeed in studying mathematics? Please detail and explain.
4. Can I succeed in studying science? Please detail and explain.

REFERENCES

BRAND, B.R., 2020. Integrating science and engineering practices: outcomes
from a collaborative professional development. International Journal of STEM
Education, vol. 7, art. 13. doi: 10.1186/s40594-020-00210-x

CHEHLAROVA, N., 2021. Axes of symmetry dominoes. In: Symmetry: Culture
and Science, vol. 32, no. 1, pp. 103 — 111

CHEHLAROVA, T., 2021. “The Source of Life” in Bishop’s Basilica of Philip-
popolis in the Context of STEAM. Mathematics and Informatics, vol. 64,
no. 6, pp. 598 — 607. ISSN: 1314-8532, doi: 10.53656/math2021-6-4-the

CHEHLAROVA, T., 2022 Computer Models for Playing Billiards Using Frontal
Shot. Mathematics and Informatics, vol. 65, no. 2, pp. 131 — 138. ISSN:
1314-8532. doi: 10.53656/math2022-2-1-com

CHEHLAROVA, T., CHEHLAROVA K., 2020. Managing Pepper’s Ghost Il-
lusion Using Intelligent Methods. IEEE 10th International Conference on
Intelligent Systems, pp. 415 — 420. IEEE. ISSN: 1541-1672.
doi: 10.1109/1548319.2020.9199846

CHEHLAROVA T., IVANOVA, Kr., KENDEROV, P., SENDOVA, E., 2021.
IMI-BAS as a Catalyst for the Scientix Support to the Bulgarian STEM
Teachers. Mathematics and Education in Mathematics, vol 50, pp. 349 —355.
UMB. ISSN:1313-3330 http://www.math.bas.bg/smb/2021 PK/tom 2021/
pdf/349-355.pdf

CHEHLAROVA, T., MAAS, K., SENDOVA, E., KENDEROV, P., 2018. The
Institute of Mathematics and Informatics at the Bulgarian Academy of Sci-
ences (IMI-BAS) as a member of the STEM-PD-NET and the Consortium
of the International Center for Science Education (ICSE). Mathematics and
Education in Mathematics, vol. 47, pp. 285 — 296. UMB. ISSN:1313-3330.
(in Bulgarian) http://www.math.bas.bg/smb/2018 PK/tom 2018/pdf/285-
294.pdf

ENGLISH, L.D., 2016. STEM education K-12: Perspectives on integration. In-
ternational Journal of STEM Education vol. 3, art. 3. doi: 10.1186/s40594-
016-0036-1

FALLOON, G., HATZIGIANNI, M., BOWER, M., FORBES, A., STEVENSON,
M., 2020. Understanding K-12 STEM education: A framework for developing
STEM literacy. Journal of Science Education and Technology, vol. 29, no. 3,
pp. 369 — 385. doi: 10.1007/s10956-020-09823-x

FIORELLA, L., YOON, S.Y., ATTIT, K. et al., 2021. Validation of the Math-
ematics Motivation Questionnaire (MMQ) for secondary school students. In-
ternational Journal of STEM Education vol. 8, art. 52. doi: 10.1186/s40594-
021-00307-x

JULIA, C., ANTOLY, J.O., 2019. Impact of implementing a long-term STEM-
based academic learning course on students' motivation. International Jour-

129



Elena Karashtranova, Aharon Goldreich, Nadezhda Borisova

nal of Technology and Design Education, vol. 29, no. 2, pp. 303 — 327.
doi: 10.1007/s10798-018-9441-8

KEARNEY, C., 2016. Efforts to Increase Students’ Interest in Pursuing Math-
ematics, Science and Technology Studies and Careers. National Measures
taken by 30 Countries — 2015 Report, European Schoolnet, Brussels.

ISBN: 9789491440984

KELLEY, T.R., KNOWLES, J.G., HOLLAND, J.D., HAN, J., 2020. Increasing
high school teacher's self-efficacy for integrated STEM instruction through a
collaborative community of practice. International Journal of STEM Educa-
tion, vol. 7, art. 1. doi: 10.1186/s40594-020-00211-w

LANDMAN, L., 2017. Form early learning to workforce — The STEM pipeline in
Israel. (in Hebrew) https://www.5p2.org.il/from-early-learning-to-workforce-
the-stem- pipeline-in-israel/

LEUNG, A., 2020. Boundary crossing pedagogy into STEM education. Interna-
tional Journal of STEM Education, vol. 7, art. 15. doi: 10.1186/s40594-020-
00212-9

RAP, J., 2022. A selection of data about gender gaps in mathematics (in Hebrew).
Available from:

TRAMONTI, M., 2020. Western and Fastern approaches in teaching mathema-
tics combined with art, abstract. (in Bulgarian)
http://www.math.bas.bg/IMIdocs/ZRASRB/docs/Michela_Tramonti/MT-
avtoreferat-EN.pdf

JINTEPATYPA

TPAMOHTU, M., 2020. 3anadnu u usamowru nodrodu 6 obyuenuemo no mame-
mMamuKka, csuemano ¢ udkycmeo, asropedepar. http://www.math.bas.bg/
IMIdocs/ ZRASRB/docs/Michela Tramonti/MT-avtoreferat-EN.pdf

YEXJIAPOBA, T., MAAC, K., CEHIOBA, E., KEHIEPOB, P., 2018. UMI-
BAH — gact or STEM-PD-NET u or KoHCcOprimyMa Ha MeXKIyHapOIHUS 1[E€H-
bp ICSE. Mamemamuxa u mamemamuuecko obpasosarue, ToM. 47, crp. 285
—294. CMB. ISSN:1313-3330

Dr. Elena Karashtranova, Assoc. Prof.
ORCID ID:0000-0003-0349-6171

Faculty of Mathematics and Natural Sciences
South-West University “Neofit Rilski”

66, Ivan Mihailov St.

Blagoevgrad, Bulgaria

E-mail: helen@swu.bg

Aharon Goldreich, M.Sc., MBA
ORCID ID: 0000-0001-7681-1780

Ministry of Education, Tel Aviv, Israel
E-mail: aharon436@gmail.com

130



On Integration of STEM Modules ...

Dr. Nadezhda Borisova, Assist. Prof.
ORCID ID: 0000-0001-6956-5681

Faculty of Mathematics and Natural Sciences
South-West University “Neofit Rilski”

66, Ivan Mihailov St., No 66

Blagoevgrad, Bulgaria

E-mail: nborisova@swu.bg

R



