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Abstract. This research aimed to investigate the effect of the STEM ap-
proach on attitudes of ninth-grade students towards STEM and investigate the
differences between boys’ and girls’ attitudes towards STEM. The quasi-exper-
imental design with the experimental and control group and with pretest-posttest
was conducted. This research was carried out with 67 ninth-grade students (aged
between 14 and 15) of a public school in the 2019/2020 school year. The stu-
dents in the experimental group were taught one area of Mathematics with the
STEM approach, while the students in the control group were taught in the tra-
ditional way. In addition, a questionnaire to measure students’ attitudes towards
STEM was distributed to both groups in the form of pretest and a posttest. The
results showed that the STEM intervention had a positive effect seen in the in-
crease of positive attitudes towards STEM in the experimental group. The re-
sults also showed that girls had more positive attitudes than boys.
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Introduction

STEM approach in education, which builds a connection between busi-
ness and education, is a method used to integrate science, technology, engineer-
ing, and mathematics and transform theoretical knowledge into practice
(Akgiindiiz et al., 2015). STEM is an educational approach that enables a student
to think systematically, be open to communication, develop ethical values,
search, produce, create and solve problems appropriately (Bybee, 2010b; Dug-
ger, 2010; Rogers & Porstmore, 2004).

STEM education provides many benefits. For example, students become
better problem solvers, more positive and motivated learners, and improve their
mathematics and science achievements (Furner & Kumar, 2007; Stinson et al.,
2009). The fact that the STEM approach increased motivation and interest in
STEM has motivated us to conduct the research described in this paper. Also,
given that STEM approach in education is just beginning in B&H and that is
being used sporadically (one or two STEM projects or STEM areas covered per
school year), we wanted to see how our students respond to STEM interventions.
Our research aims to examine the effect of short-term STEM approach/STEM
activities on students' attitudes towards STEM areas. The following research
questions developed from the research objective: (1) is there any meaningful
difference between boys and girls in attitudes towards STEM before interven-
tion; (2) is there any meaningful difference between boys and girls in attitudes
towards STEM after intervention; (3) is there any meaningful difference be-
tween the experimental and control groups in STEM attitudes before and after

intervention?

Background
Literature review
With the help of technology and information, the world is developing

and changing fast. Meeting the increasing needs and keeping up with progress



is possible with innovation. Innovations require critical thinking, problem-
solving skills, cooperation, leadership abilities, a flexible frame of mind, ability
to adapt, entrepreneurship, ability to communicate in verbal and written ways,
accessing and using information, curiosity, and imagination — in short, 21st
century skills (Wagner, 2008).

The STEM areas and STEM approach in education and research are in
the public interest of countries worldwide. We live in a time when knowledge
is acquired quickly, in a time when some occupations disappear, and other ones
arise, and when requirements within surviving occupations change and thus be-
come more complex. Therefore, the priority of education is to enable students
to cope with the changes they will face during their lives as successfully as pos-
sible (Avdispahi¢, 2018).

A year-by-year decrease is present in the number of students willing to
take education in the fields of science, mathematics, and engineering (Stohl-
mann at el., 2012). These areas are necessary for the development of a country,
so it is important to educate individuals who can use and apply different disci-
plines together. Likewise, it is necessary to constantly change and upgrade cur-
ricula to increase interest in these areas. To this end, some countries have inte-
grated the STEM approach into all levels of education (Bybee, 2010b; Corlu,
2014). Primary school educators must inculcate the importance of STEM in the
mathematics curriculum. One way to improve mathematical problem-solving
skills among schoolchildren is to use the STEM approach (Abdullah et al.,
2014).

Numerous studies about students' attitudes towards STEM exist. Re-
search by Babarovi¢ et al. (2018b) showed that STEM intervention has specific
positive effects on the attitudes of primary school students towards scientists.
They believe that changing attitudes towards scientists is an essential factor in
increasing interest in STEM. Some previous studies have shown that a student's

decision about a career in STEM area depends on the image he or she has about



a person in that career and whether he or she can imagine himself or herself as
a person in that STEM career (Bennett & Hogarth, 2009; Gilbert & Calvert,
2003). Babarovic et al. (2018b) also showed that STEM intervention equally
impacts the attitudes of students of different ages and genders and students of
different initial school achievements in mathematics. However, the effects of
the intervention on the increase of career interests in STEM areas are modest.
They are present only in the youngest group of students (4" grade), and only in
the area of mathematics and technology. For students aged between 10 and 11
years old (4" grade) STEM interests are certainly not structured and stable, so
the intervention may have greater effects.

STEM interventions may have specific effects on maintaining interest in
the STEM area in the upper grades of primary school, probably more than on
their increase. Namely, several studies have shown that younger children have
a high level of interest in science and mathematics, but by passing through the
educational system, this interest is being reduced, especially among girls
(Mitchell & Hoff, 2006; Riegle-Crumbet et al., 2011). Therefore, STEM inter-
ventions in upper grades of primary school may be a protective factor aimed to
maintain students’ interest in STEM. Several longitudinal studies have shown
that interests become stable and invariant after the age of 14 (Tracey, 2002;
Tracey et al., 2005). Developmental theories stress that adolescence, particularly
13 to 14 years of age, is the crucial period in the process of interests’ formation
(Super, 1953; Gottfredson, 1996).

Murpy & Beggs (2005), as well as team members of ASPIRES project
(Archer et al., 2012), found in their research that students' interest in science at
the age of 10 is great and that there is no difference at that age between girls and
boys in the degree of interest expressed. With growing up and moving to higher
grades of primary school, students' interests decline in general, but more and

more differences are beginning to appear between girls and boys. The difference



in students' interests becomes deeper during adolescence (Burusi¢, 2018). Re-
search by Burusi¢ (2018), as well as research by Lindahl (2007) has shown that
the upper grades of primary school (around the age of 13) are a crutial period
for the formation and structuring of interest in the STEM area and especially
interest in STEM careers. Therefore, all efforts to direct students towards STEM
areas should be focused on this development period since such attempts are in-
creasingly ineffective in later development periods (Burusic, 2018).

For this reason, in our research, we have chosen the upper grade of mid-
dle school (ninth grade) to investigate the effects of STEM activities on students'
attitudes towards STEM and the differences between boys’ and girls’ attitudes
towards STEM. In addition, the quasi-experimental design with the experi-

mental and control group and with pretest-posttest was conducted.

STEM education in Bosnia and Herzegovina (B&H)

The Agency for Pre-Primary, Primary and Secondary Education
(APOSO) began to develop the Common Core Curriculum defined on learning
outcomes (CCC) in 2012 to modernize and improve the quality of preschool,
primary and secondary education. The CCC is the basis for changing and im-
proving existing curricula. In the process of developing the CCC based on key
competencies, APOSO has defined eight subjects of education, and one of them
is the subject of mathematics.

In 2015, APOSO published the CCC. It first defines the areas and com-
ponents for each area. Then, learning outcomes were defined for each compo-
nent, and indicators were defined for each learning outcome. Indicators are de-
fined following the developmental age of a child at the end of preschool educa-
tion (age 5-6), at the end of the third grade (age 8-9), at the end of the sixth grade
(age 11-12), at the end of the ninth grade (age 14 - 15) and at the end of the

secondary education (age 18 - 19).



For each of the six STEM subjects - Biology, Chemistry, Physics, Ge-
ography, Mathematics, Technics and Information Technology, and for each of
the development periods for which learning outcomes have been defined, a Draft
of Operational Teaching Curriculum (OTC) for STEM competencies has been
prepared. OTC connects defined learning outcomes and related indicators from
different subjects, which should lead to greater understanding and development
of necessary skills in joint implementation. OTC for mathematics provides nu-
merous links between mathematics and other STEM disciplines and lists their
applications in various sectors of the knowledge-based economy. The document
is divided into four parts according to the age of the students (1 -3,4-6,7 -9,
and 10 - 13 grade). Each of these four parts is divided into four areas of mathe-
matics (sets, numbers, and operations; algebra; geometry and measurements;
data and probability), which are further divided into components, then into nar-
row outcomes and even narrower indicators. Outcomes and indicators are re-
lated to the areas of a knowledge-based economy in which they are applicable
and to outcomes/indicators from other STEM disciplines. Examples of interdis-
ciplinary STEM projects are also given, and detailed explanations of the men-

tioned connections with various sectors of the economy and other disciplines.

Methodology

Participants

The quasi-experimental design with the experimental and control group
and with pretest-posttest was conducted. Students were divided into these two
groups based on prior knowledge so that there was no statistically significant
difference between the groups.

Research was carried out with 67 ninth-grade students (33 students in
the experimental group and 34 students in the control group). Before this re-
search, students did not have an interdisciplinary STEM education. They were

traditionally taught in the sense that they have natural sciences, mathematics,
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and informatics, but these subjects are taught separately and very often the cur-

ricula are not harmonized.

Measurements

For this research, a questionnaire was prepared to consist of two parts.
The first part of the questionnaire contained questions about gender and class.
The second part of the questionnaire contained the STEM Attitude Scale (Un-
fried et al., 2014) translated to the Bosnian language which consists of four sub-
scales (mathematics, science, engineering and technology, 21st-century skills)
and 37 items. The scale is a five-point Likert scale (strongly disagree to strongly
agree). For example, one of the items that appear in the subscale for math is: “I
would consider choosing a career that uses math”. The Cronbach alpha reliabil-
ity coefficient for the original scale was found to be 0.83 and above. In this
research, the Cronbach alpha reliability coefficient values for pre-test and post-
tests were calculated as 0.91 and 0.93 respectively. These values indicated that
the reliability of the measurements was at an acceptable level.

Students were given instructions on how to fill in the questionnaire (e.g.
that they have to answer each statement and fill in only one answer per ques-
tion). The scale was completed only by students for whom parents or guardians

had given written consent.

STEM intervention

Students completed the above-mentioned questionnaire before interven-
tion. The experimental group was taught using the STEM approach and the con-
trol group was taught in the traditional way. The research took place in the
2019/20 school year in two parts: (1) The first part was conducted in the period
from November 11 to November 27, 2019 (teaching topics: Graphs of the func-
tion of direct and inverse proportionality, Linear function, which belong to

Component 1 of the area Algebra); (I1) The second part was conducted in the
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period from January 27 to March 11, 2020 (teaching topics: Linear equations
and linear inequalities with one unknown - problems with one unknown and
Systems of linear equations with two unknowns which belong to Component 2
of the area of Algebra).

During research, certain STEM activities were carried out with the stu-
dents of the experimental group, through which we tried to connect the mathe-
matical content with the content from other subjects, but also with examples
from everyday life. The emphasis was also on practical work, research, group
work, and pair work of students. The following is a brief description of some
examples done with students: (1) By using GeoGebra software, students were
introduced to the graph of a homogeneous linear function y = kx for different
values of the parameter k (k > 0 and k < 0). It was explained to students when
this function increases and when it decreases. In addition, GeoGebra was used
to introduce students to the linear function y = kx + n whereby it was started
with what the students already know about the function y = kx. GeoGebra was
also used to introduce students to the graphical method of solving a system of
linear equations with two variables; (2) One of the examples of connecting a
homogeneous linear function (the function of direct proportionality) with Phys-
ics, is an example of a linear motion which is described with the equation s =
v - t. For a constant velocity, we have that it is a homogenous linear function
(further information about this activity is available in Appendix 1); (3) A func-
tion m = p -V that describes how to calculate a mass for given density and
volume is an example of the direct proportionality function in case when the
density is constant. Students worked in groups to determine the mass and vol-
ume of one cube, then the mass and volume for two, three, four,... identical cu-
bes. They wrote down the obtained results in a prepared table. Based on the
obtained results, they were supposed to conclude that with increasing mass the
volume also increases. They concluded that m = pV, ie. the mass is directly

proportional to the volume. For the cubes, they obtained that the density is p =
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0,83, so m = 0,83 - V. Thus, we have a homogeneous linear function y = kx,
where k = 0,83, y denotes mass and x denotes volume. In the second part of
the activity, students determined the mass and volume for various irregularly
shaped small objects made of plastic, wood, metal, and then they made conclu-
sions; (4) Students were given a photograph of the mountain with marked
heights and corresponding temperatures. Based on the data from the picture,
they needed to determine the equation that connects temperature and altitude.
This was an example of the linear function y = kx + n; (5) The students were
given the task to work in groups to build the tallest possible tower using short
and long sticks. Previously, they had to solve a textual problem by applying a
system of linear equations with two variables. The solution of this system an-
swered how many long and how many short sticks they can use. The group that
made the tallest tower was the winner; (6) The students were given the task to
build a tower using red and green rolls of different sizes. The green rolls were
twice as short as red. They also used cut pieces of paper so that the rolls could
be stacked on top of each other. Some of the tasks for this activity were: (a)
Write an equation/function that shows the height of the tower depending on the
number of rolls; (b) If the red and green towers are the same height, how many
rolls are in each tower; (c) If the number of rolls in both towers is the same, what
can we say about the height of the towers; (d) If we want to make a tower 32
cm high in which we would use green and red rolls, determine the number of
green and red rolls if green rolls are twice as large as red ones.

In the control group, the students were taught in the traditional way (a
frontal form of work dominates, teaching without use of technology, without

experiment/independent student activities).

Data analysis
The data were analyzed using the SPSS 20.0 program. Significance level

was determined as 0.05.
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We have investigated the differences between boys’ and girls’ attitudes
towards STEM before the intervention (this is our first research question). As
the data are not normally distributed in both populations, the Mann-Whitney U

test was used. The results are presented in Table 1.

Table 1. Difference between attitudes for gender variable before the interven-

tion
Group Gender n Mean Rank Sum of Ranks z p
Mathematics G 19 17.47 332.00 -0.33 0.760
B 14 16.36 229.00
Science G 19 18.08 343.50 -0.75 0.461
B 14 15.54 217.50
E Engineering and G 19 17.82 338.50 -0.58 0.577
Technology B 14 1589 222,50
21st century G 19 19.03 361.50 -1.41  0.163
skills B 14  14.25 199.50
General G 19 17.97 341.50 -0.67 0.506
attitude B 14 1568 219.50
Mathematics G 19 18.79 357.00 -0.85 0.410
B 15 15.87 238.00
Science G 19 18.66 354.50 -0.77 0.451
B 15 16.03 240.50
c Engineering and G 19 19.42 369.00 -1.33 0.215
Technology B 15 1507 226.00
21st century G 19 19.84 377.00 -1.55 0.128
skills B 15 1453 218.00
General G 19 18.32 348.00 -0.54 0.607
attitude B 15 1647 247.00

Results in Table 1 show there was no significant difference (p > 0.05)
between boys' and girls' attitudes in any subscale or general attitude for both

groups: experimental and control.
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We have investigated the differences between boys’ and girls’ attitudes

towards STEM after the intervention (our second research question). The results

are presented in Table 2.

The data in Table 2 show that there were significant differences between

the students’ attitudes for engineering and technology for both groups: experi-

mental and control, where boys have more positive attitudes in both groups.

Table 2. Difference between attitudes for gender variable after the intervention

Group

Gender

n

Mean Rank

Sum of Ranks

Mathematics G 19 17.39 330.50 -0.27 0.788
B 14 16.46 230.50
Science G 19 18.71 355.50 -1.19  0.240
B 14  14.68 205.50
E Engineering and Technology G 19  13.50 256.50 -2.43 0.014*
B 14 21.75 304.50
21st century G 19 1732 329.00 -0.22 0.843
skills B 14 1657  232.00
General G 19 17.18 326.50 -0.13 0.900
attitude B 14 1675 23450
Mathematics G 19 1947 370.00 -1.30 0.202
B 15 15.00 225.00
Science G 19 18.03 342.50 -0.35 0.732
B 15 16.83 252.50
c Engineering and Technology G 19 1411 268.00 -2.25 0.025*
B 15  21.80 327.00
21st century G 19 1745 33150 -0.03 0.973
skills B 15 1757 26350
General G 19 16.66 31650 -0.56 0.584
atitude B 15 1857 27850

Analyzing the experimental and control groups together as one group,

there were significant differences (p = 0.031) between boys' and girls' attitudes
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scores before the intervention only for the 21st-century skills. After the inter-
vention, there was significant difference (p = 0.002) between boys' and girls'
attitudes scores only for the engineering and technology, as we obtained by an-
alyzing each group separately (Table 2).

Differences between the attitude scores of the experimental and control
group before and after the intervention (third research question) are presented
in Table 3.

Table 3. Differences between the attitude scores of the experimental and con-
trol group before and after the intervention

Gender n Mean Rank Sum of Ranks z p
Mathematics E 33 37.41 1234.50 -1.41 0.157
C 34 30.69 1043.50
Science E 33 36.20 1194.50 -0.91 0.362
C 34 31.87 1083.50
Engineering E 33 37.15 1226.00 -1.34 0.181
Before and
C 34 30.94 1052.00
Technology
21st century E 33 35.50 1171.50 -0.62 0.534
skills C 34 3254 1106.50
General E 33 39.36 1299.00 -2.22  0.026*
attitude C 34 2879 979.00
Mathematics E 33 39.03 1288.00 -2.09  0.037*
C 34 29.12 990.00
Science E 33 36.03 1189.00 -0.84 0.399
C 34 32.03 1089.00
Engineering E 33 40.03 1321.00 -2.50 0.012*
After and
C 34 28.15 957.00
Technology
21st century E 33 35.50 1171.50 -0.62 0.533
skills C 34 3254 1106.50
General E 33 39.48 1303.00 -2.27 0.023*
attitude C 34 2868 975.00
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Table 3 shows the existence of significant differences between the gen-
eral attitude scores of the experimental and control group before the interven-
tion, where students in the experimental group have more positive attitudes. Af-
ter the intervention, there were significant differences between the students’ at-
titude scores for mathematics, engineering and technology, and general attitude.
The mean score of the experimental group was found to be significantly higher
than that of the control group. We believe that there occurred a change in attitude
scores for mathematics and engineering and technology because the students of
the experimental group were exposed to an intervention that emphasized the use

of technology and the application of mathematics.

Discussion

For students to be successful in STEM subjects, their attitudes towards
science, technology, engineering, and mathematics are important. Therefore, it
is very important to develop positive students’ attitudes towards STEM from the
first levels of education. There is a limited number of studies about students'
attitudes towards STEM where students were actively involved. In our country,
such studies have not been conducted before.

The main objective of this research was to investigate the effect of the
STEM approach on ninth-grade students' attitudes towards STEM. That is why
we tested differences in attitudes between the experimental and control group
before and after the intervention. The results obtained before the intervention
indicated that there were significant differences between the general attitude
scores of the experimental and control group, while after intervention there were
significant differences between students’ attitudes scores for mathematics, en-
gineering and technology, and general attitude. When we compared the results
before and after the intervention (Table 3), we can see that the experimental

group students’ attitudes, for subscales for which the difference is statistically
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significant, became more positive, while in the control group the opposite hap-
pened. Thus, the STEM intervention had certain positive effects on students’
attitudes towards STEM. This effect is seen in the increase of positive attitudes
after the intervention for certain subscales and general attitudes in the experi-
mental group compared to the control. An increase in positive attitudes towards
mathematics and engineering and technology was expected due to the content
of the intervention. It is important to emphasize that increasing interest in the
STEM area is an important factor for the development of students' careers in
STEM. Some earlier studies, which were aimed at the lower grades of primary
school, showed that STEM activities positively affect students' attitudes towards
STEM. Yamak et al. (2014) found that STEM activities enhanced the fifth-grade
students’ attitudes towards science. Rehmat (2015) conducted a study with
fourth-grade students and concluded that problem-based STEM activities im-
proved the students’ attitudes towards STEM. Sari et al. (2018) used the single-
group pretest-posttest experimental design and found that problem-based learn-
ing (PBL) activity integrated with STEM had positive effects on the attitudes
towards the 21st-century skills, engineering and science but not on the attitudes
towards mathematics. The study by Ugras (2018), in which the pretest-posttest
single-group experimental design was used, concluded that STEM activities im-
proved the STEM attitudes of the seventh-grade students. A study by Giilhan &
Sahin (2016), in which a quasi-experimental design with an experimental and
control group of fifth-grade students was used, also found a positive effect of
STEM activity on students' attitudes. There were significant differences be-
tween the students’ attitudes scores for science, engineering and technology, and
general attitude, but there were no significant differences between the students’
attitudes scores for mathematics and 21st-century skills.

One of the aims of this research was to investigate the differences between boys’
and girls’ attitudes towards STEM before and after the intervention. Based on

the results obtained before the intervention, we see that there was no significant
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difference between boys' and girls' attitudes for any subscale and general atti-
tudes for both groups: the experimental and control one. Also, based on the
obtained results, we see that the girls' attitudes were more positive than the boys'
attitudes for both groups (but the differences were not statistically significant).
Analysis of the results obtained after the intervention (Table 2) shows that there
were significant differences between the students’ attitudes scores for engineer-
ing and technology for both groups, where the boys' attitudes became more pos-
itive, and in girls' case, the opposite was true. Since this change occurred in both
groups, we cannot say with certainty that the reason for the mentioned change
was the STEM approach. It is also important to note that for all other subscales,
girls' attitudes are more positive than boys' attitudes, but this difference is not
statistically significant. Thus, the results obtained are consistent with the results
of previous studies that the intervention has an equal effect on the attitudes of
students of different genders (Rosenzweig & Wigfield, 2016).

Unfried et al. (2014) found that at this age (ninth-grade) girls have more
negative attitudes towards science, technology, and engineering than boys and
that this difference is statistically significant. According to their results, the dif-
ference between boys’ and girls’ attitudes is not statistically significant for
mathematics. Results show that, in general, mathematics attitudes are slightly
less positive than science attitudes. Across primary and secondary education,
the gap between male and female engineering and technology attitudes is wider
than for science or mathematics. Research by Babarovi¢ et al. (2018a) in which
seventh-grade students (13 years old) participated showed that boys, in general,
expressed more interest in STEM occupations and activities than girls. The big-
gest difference in interests was found in technology and engineering, and a small
but significant difference in favour of boys was found in mathematics. They did

not observe significant gender differences in science interests.
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The results of our research showed that girls usually have more positive
attitudes than boys. The difference in favour of boys is present only for the en-
gineering and technology subscale. So, our results are partly in contrast to the
results of previous research according to which boys usually have more positive
attitudes. However, our results are in line with the data published in the "Women
and Men in Bosnia and Herzegovina" publication of the Agency for Statistics of
B&H for 2020. According to this publication, more than half of the secondary
school students attended technical schools in the school year 2018/2019, while
every fourth secondary school student attended grammar school. Differences in
gender representation are the highest in vocational schools, where about 70%
are boys. In other types of secondary schools, the percentage of girls is higher.
When we look at enrolled students at all levels of higher education from the
academic year 2014/2015 until 2018/2019, the number of girls is constantly
higher than the number of boys. Also, when we look at the number of graduate
students from the academic year 2014/2015 until 2018/2019 the number of girls
is constantly higher than the number of boys. However, with regard to employ-
ment, men have an advantage over women. According to data for 2018, the em-
ployment rate for women is 25.0 and for men 44.1. This is a consequence of a
very traditional society in Bosnia and Herzegovina, in which women fight for a

better position every day and one of the ways to do that is through education.

Conclusion

The conducted STEM intervention for ninth-grade elementary school
students had a positive effect which is seen in the increase of positive attitudes
towards STEM in the experimental group. The obtained results confirmed the
results of previous research that the intervention equally affects the attitudes of
students of different genders. Future interventions should involve students of
different ages because STEM interventions aimed at younger students may have

a greater impact. Also, interventions should be longer and more comprehensive
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and implemented within the school curriculum. The results showed that girls
usually have more positive attitudes than boys, except for the engineering and
technology subscale. We saw that before the intervention, girls had more posi-
tive attitudes than boys and the difference in attitudes was not statistically sig-
nificant, while in the results after the intervention boys had more positive atti-
tudes than girls and this difference was statistically significant.

Developing students’ positive attitudes toward math increases achieve-
ment (Yaratan & Kaspoglu, 2012). This research was limited but indicates the
importance of STEM intervention/approach in developing positive attitudes, so
we can recommend the introduction of STEM in schools. The research was lim-
ited in time due to COVID, but also because the STEM approach in teaching is
being recently introduced in B&H so that there will be shorter projects within
traditional teaching. Therefore, not everything will change, so our goal was to
see if such short interventions have an impact on students’ attitudes towards
STEM. This research was carried out with 67 ninth-grade students. New studies
can be carried out with larger and different groups (grades) of students.

Although previous research has also examined the impact of the STEM
approach on students' attitudes towards STEM, in the literature available to us,
this research is the first to include the previously mentioned teaching topics in
the field of algebra in the ninth grade. Therefore, we believe that we have con-
tributed to the research in dealing with STEM and we hope that our results will
motivate all teachers to introduce a STEM approach to teaching mathematics
and other STEM subjects.

Appendix 1: A lesson plan example used during the research

Subject: Grade: 9 Teacher:
Math

Teaching Homogeneous linear functiony = kx

unit

Area 2. Algebra

Components | 2.1.Algebraic expressions, functions, proportions and applications
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Learning
outcome

Indicator(s)/
part of the
indicators for
appropriate
age
Precondition
s/

correlated
outcomes

or indicators
of the same
subject

Motivation -
sectors of the
knowledge
based
economy
(choose one
or two age-
appropriate
examples
from OTC-
class starts
with
this/these
example(s))
Relation to
other
subjects (list
selected
indicators
fromOTC
which
connects the
subjects)

The aim of
lesson

Explain the
aim to
realistic tasks

1. Analyze laws, relationships, dependencies, connections, and functions in
mathematics and the real world

2. Analyze and display mathematical situations and structures using
algebraic symbols and various notations (records), graphs and diagrams, and
generalizes based on them

3. Analyze and formulate assumptions of change in different contexts.

2.1.1.e. Apply function of direct and inverse proportionality.

Preconditions:

2.1.1.b. Distinguish the meaning of equations, equality and inequality.

2.1.3.a. Enter numbers instead of variables and calculate values.

2.1.1.d. Distinguish between proportional and inversely proportional quantities in
different contexts.

Corelated outcomes:

2.1.1.f. Express a linear function with words and symbols and examine its
properties.

2.1.2.a. Display graphically direct and inverse proportionality as well as a linear
function.

1. Tourism - observing the number of tourists during the season, the ratio of
the number of contents and the number of tourists; the distance of the travel
destination and the time required to reach the destination.

2. Modern agricultural production - the ratio of the size of the agricultural
area and the amount of necessary material/fence for fencing the agricultural area.

Physics:

1.1.1.e. Calculate the mean value for a series of repeated measurements of the value
of one physical quantity, and present the measurement results.

5.2.1.d. Display measurement data using tables and graphs, interpret them
qualitatively and quantitatively, and identify gross errors in measurement.

5.2.2.a. Interpret direct and inverse proportionality in the context of the content of
physics - Explain the dependence of the distance traveled on time (for situations
where the speed is constant).

Biology:

4.3.1.1. Explain the importance of engaging in physical activity for human health.
The aim of the class is that students acquire the ability to apply a homogeneous linear
function (direct proportionality function) to given data, and to solve real-life problems
by applying this function.

Application of homogeneous linear function (direct proportionality function) -
solving tasks from everyday life.
Determining the rules that define the dependence of one quantity on another.
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Purposeful
content
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content that
can link
activities
from
different
STEM
subjects)
Methodical
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be used,
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required for
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determine
the time for
activities that
connect
subjects
(activities of
teachers and
students)

Physics: solving problems from uniform rectilinear motion on a straight line and
drawing graphs.
Biology: The importance of physical activity for human health.

In the introductory part of the class (5 - 10 minutes) the teacher checks the homework,
repeats with students the material from the previous class - an example of the
application of the linear function (loan repayment), and new examples listed in the
section Motivation - sectors of knowledge-based economy.

For the realization of this class, battery-powered cars with a constant speed are needed
(Note: the activity can be carried out with one car, but if we want students to work in
groups, we need more of them, depending on the number of groups).

The teacher announces the aim of the lesson, introduces the student to the application
of the linear function in physics, divides the students into groups and explains the task
of each group. In the main part of the class (20 - 25 minutes) students work in groups.
Each group should first make a path for the car. The path can be made on the
classroom floor or on connected tables. "Fence" - the sides of the path can be made
of books, notebooks, models of geometric bodies (cube, rectangular prisms,...), or
other objects available in the classroom. On the made path, students should mark the
length of the path of 1m, 2m, 3m, ... (the teacher determines how many measurements)
or to place a meternext to the path. Two students in the group can be in charge of the
car: START and STOP, and the other students in the group measure the time (e.g. on
cell phone stopwatches) that the car needs to cover the length of the road of 1m, 2m,
3m, ... The obtained results are recorded in a table on a board. Below is a proposal for

Distanc Time t; Spee v
e t _t1+t2+t3+t4+t5+t6 d
- S
s 6 v=2
t
S1 ty, b2, t3l 41
= 1m t4,t5,t6 El =S_1
1
S2 t1,ta, t3, 2 v
=2m | t,ts tg t, _52 | _ntvtus
t; 3
S3 t1, t2, t3, ts v3
=3m  ty,tstg =33

the layout of the table for entering the obtained results.

While students work in groups, the teacher monitors the groups and gives the
necessary instructions and explains how the arithmetic mean is calculated. At the end
of the group work, the obtained results/boards are placed next to each other so that all
students can see them. The teacher tells the students that the length of the path
increases linearly (1m, 2m, 3m, ...), but also that the time increases "linearly" (draws
attention to measurement errors), which means that the length of the path is directly
proportional to time. However, the length of the road also depends on another size
(Speed!). The teacher incites the students to give the correct answer.

After the students come to the conclusion that s = v - ¢, that isv = % , the 4" and 5t

columns are added to the table and the accounts v4, v, v3, v. It is enough to enter this
data in only one table (from one group). It is concluded that the observed cars move
at a constant speed so that we have a linear function y = kx, whereyis the distance, k
is the constant speed, and x is the time.
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strategies
(methods of
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monitoring
and
summative
assessment)

Concluding
remarks

In the final part of the class (5 - 10 minutes) students do the following task:
Task 1: Emma started from place A on a train traveling at a constant speed of 60 kTm
Determine:

a) How many times will Emma cross in 1.5 hours, and how many in 1 hour
and 40 minutes?
b) How long will it take Emma to get to place B, 180 km from place A?

For independent work, students are given the task:

Task 2: Heart patients who need to avoid strenuous physical activity are
recommended to walk at a speed of 3-4 km/h. If the patient is moving at an average
speed of 3.6 km/h, determine:

a) How many kilometers can he cover in 1 hour and 15 minutes?

b) In how much time can a 4.5km road be crossed?

During the realization of the lesson, the teacher monitors the work of students, their
efforts, ideas, suggestions while working in groups. During the solution of Task 1,
he/she monitors the work of students and rewards the most active ones.

Fills in the formative assessment table (columns three and five, and column six).

Name and = Linear Linear Linear Linear Note -
surname function function function function how to
of the y =kxk y =kx, k y=kxk vy =kx,k  improve
student >0 >0 <0 <0 work

recognizes applies recognizes | applies

Yes/no/ Yes/no/ Yes/no/ Yes/no/

partially partially partially partially

Yes/no/ Yes/no/ Yes/no/ Yes/no/

partially partially partially partially

Yes/no/ Yes/no/ Yes/no/ Yes/no/

partially partially partially partially

This table (or similar) should continue to be completed in the next class/classes. To

evaluate group work (in this and the next class) for each of the students, the activity

during the class can be recorded using the following table for formative assessment:
Name | Listen Accep | Walk = Look | Help Understa = Take

and carefully |t and out other nd the on the
surna | to the assign | watc | the membe = process role of
me of | operating edrole  h windo  rsof of organiz
the instructio = during = what = w his/her | research | er
studen ' ns resear | other group
t ch grou

ps

are

doin

g

A summary score can be given after the test from linear functions. It is recommended
to include information from formative monitoring in the summative assessment, in
order to encourage active students who did poorly on the test to continue their efforts.
During class, most students are expected to recognize a homogeneous linear function
and apply a homogeneous linear function in simple situations. For the next lesson,
students should find an example of the application of a homogeneous linear function
in another area/subject: biology, chemistry, geography.
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