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INTRODUCTION

The influence of instructional guidance in the teaching process is still not
fully clarified in the related literature. In the scientific community, there are no
agreed upon positions regarding how much instructional guidance should be pro-
vided in the learning process i.e., when it is necessary to provide explicit/direct sup-
port, and when only to guide independent student activities (Lee, Anderson 2013).
Moreover, the results of the research are often completely opposite. The problem
of determining the appropriate and optimal instructional guidance in mathematics
teaching is a very complex problem that needs to be viewed from different perspec-
tives. With this work, we want to make a contribution to the current research that is
being carried out in order to determine the necessary level of instructional guidance
in mathematics classes, while taking into account all the complex factors that affect
the learning process. Our current focus is on online mathematics instruction, due
to the expectation that online instruction will continue to have a significant place
in the educational system.

THEORETICAL BASIS OF RESEARCH

When talking about instructional guidance, direct and indirect instructions
are most often mentioned i.e., direct and indirect instructional guidance. To avoid
terminological confusion, we will first consider the concept of direct instruction. In
the scientific literature, the teaching model referred to as DI (“capital DI”’) and the
method of instructive guidance referred to as di (“little di”’) are denoted by the same
term (Nifdi 2022; Stockard et al. 2018). DI is an educational program (instructional
model) that was developed in the 1960s by Zig Engelmann and his colleagues based
on the assumption that for effective learning it is necessary to provide precise
instructions, use well-chosen, sequenced examples, and that the transition to new
concepts is possible only when the previous key concepts are mastered (Stockard et
al. 2018). The term direct instruction (di) was introduced in 1976 by Rosenshine to
define teacher strategies that are significantly related to student achievement (Nifdi
2022). Today, direct instruction refers to educational programs that apply explicit
(direct) instruction (Stockard et al. 2018: 480), and also instructional guidance with
full explanations of concepts, procedures, and problem-solving strategies (Kirsch-
ner, Sweller, Clark 2000). In this paper, by direct instruction (further di), we mean
a highly guided instructional approach organized around key concepts within a
certain teaching content that the teacher presents step by step, providing students
with all the necessary explanations, ready-made answers, independent practice with
explicit feedback, and check-ups on what has been learned (Cvjeti¢anin, Marici¢
2022). Direct instructional guidance implies the decisive role of the teacher in
preparing and providing all the necessary information, presenting models, facts,
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rules and procedures in the most explicit way (Aung, Khine 2020). From the
founding of indirect instruction, which took place in the mid-1960s when it was
scientifically proven that unguided learning does not produce the desired results,
to its modern understanding as an approach that focuses on students and as much
as possible engages their independence, productivity, imagination, creativity, etc.,
indirect instruction is understood as a different approach for different researchers
(Loibi, Rummel 2013; Kittell 1957). This difference is reflected precisely in the
optimal dosage of the offered guidelines, i.e., the quantitative determination of the
minimum amount of guidance and its appropriate implementation in the teaching
process (Maricic et al. 2022a; Marici¢ et al. 2022b; Matlen, Klahr 2013). Indirect
instruction (further ii) means a less guided instructional approach organized around
key concepts within a certain teaching content, which are presented to students
step by step in the form of tasks or problems that they should realize or solve
independently. Students should find the necessary explanations, then systematize,
explain, and present what they have learned (Cvjeti¢anin, Mari¢i¢ 2022; Eysnik,
De Jong 2012). During this process, students are offered guidance in the form of
instructions that can be embedded in the presented tasks, in the form of references
to additional sources of knowledge, in the form of implicit questions, or in the form
of hints (Dignath, Veenman 2021).

We view instructional guidance as a continuum, at one end of which there
is direct instructional guidance in which the teacher plays a dominant role, and
at the other end there is minimal instructional guidance that enables students to
independently and freely explore and construct knowledge. Between these two ex-
tremes there is room for finding a balance in the application of direct and indirect
guidance of students in the process of acquiring knowledge. The debate about the
advantages of one or another model of instructional guidance has been going on
for more than 50 years. The arguments and evidence presented in these discussions
indicate the complexity of the process of instructional guidance and the need to
look at the problem from different points of view (Aung et al. 2020; Upu, Buhari
2014; Lee, Anderson 2013; Kirschner et al. 2006; Mayer 2004). In the category
of minimally guided instruction, Kirschner includes problem-based learning and
inquiry, and experiential and constructivist learning, without making an essential
difference between these teaching approaches. According to Kirschner, minimally
guided instruction cannot be effective primarily because it does not respect the hu-
man cognitive architecture and “learners should be explicitly shown what to do and
how to do it” when dealing with novel information (Kirschner et al. 2006). Among
the disadvantages of Kirchner’s observation of teaching guidance, the following
stand out: neglecting the role of motivation and the fact that it is very important
that the studied contents make sense for the students themselves, identifying differ-
ent teaching models with a minimally guided approach, and favoring instructional
guidance that develops lower cognitive levels (Hmelo-Silver, Duncan, Chinn 2007;
Kuhn 2007; Schmidt et al. 2007). The teaching models that Kirchner identifies
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with minimally guided instruction have proven their effectiveness with indirect
instructional guidance and are based on the assumption that knowledge is built on
the basis of personal experience (Kalyuga et al. 2001; Dean, Kuhn 2007; Alferi et
al. 2011; Marici¢ et al. 2022a; Cvjeticanin et al. 2022; Brunstein, Betts, Anderson
2009). Therefore, students are not left alone in acquiring knowledge but receive
support in the form of indirect instructions, peer interaction and assistance, and the
use of technology (Upu et al. 2014; Hmelo-Silver et al. 2007).

The goal of learning mathematics is not only the mastery of mathematical
concepts and the development of abstract, logical, and critical thinking, but also
the development of “skills of knowledge acquisition — skills that equip a new gen-
eration to learn what they need to know to adapt flexibly to continually changing
[...]” (Kuhn 2007). Recent research points to the need for balanced instructional
guidance in teaching mathematics (Aung et al. 2020; Upu et al. 2014; Oladayo,
Oladayo 2012; DeCaro, Rittle-Johnson 2012; Jones, Southern 2003). Today, the
prevailing understanding is that in teaching mathematics it is necessary to apply
both direct and indirect instructional guidance, and that the greater challenge is to
achieve a balance and the right sequence between them.

The COVID-19 pandemic instigated a series of innovative approaches to
teaching and learning, including so-called online teaching, which is based on the
use of modern educational technologies. The effectiveness of planning, prepara-
tion, and implementation of online mathematics lessons also depends on the teach-
ers’ perceptions of instructional guidance in online mathematics teaching. Online
teaching means a form of distance education in an online environment and refers
to situations in which the presence of the Internet supports the learning process
(Fakhrunisa, Prabawanto 2020; Appana 2008). This learning does not depend on
the physical or virtual location of the teacher and the student, and the teaching
content is delivered online.

Regarding the aspect of instructive guidance, online mathematics teaching,
as well as regular teaching, can be realized in two basic ways: with the application
of direct and indirect instruction. It was confirmed that teachers have positive
perceptions about the application of indirect instruction in learning mathematical
content with the application of modern technology (Warner, Kaur 2017). The
teachers stated that although the teaching of mathematical contents with direct
instruction is easier, the results from the teaching with indirect instruction are
much more pleasant. The teachers also encountered certain difficulties in their
work, which are related to the technical side of working in the computer room, as
well as to the fact that it is necessary to put the students in a position to think and
thus adopt mathematical concepts, instead of just giving them a lot of examples,
in order to prepare them for the test (Warner et al. 2017; Trybus 2013). Teachers’
perceptions of student engagement in online teaching of geometric mathematics
content (animated geometry) were examined (Aaron, Herlost 2015). It was found
that teachers pay the most attention to sources that students can use correctly or
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incorrectly in their work, while they pay little attention to operations that students
could apply in their work, as well as the goals that students should achieve while
solving tasks. Inequality in the learning of mathematics content is also present in
regular classes, but research has shown that it is significantly increased in online
mathematics classes (Yilmaz et al. 2021). The results of this research are consistent
with the results of numerous studies on this topic (Baysu, Agirdag 2019; Hohlfeld
et al. 2017; Ozdemir 2016). In addition, results confirmed that student engage-
ment and interaction are not of the same quality during regular and online teaching
(Yilmaz et al. 2021). The teachers declared that they encountered difficulties in
applying various strategies and mechanisms for providing support and guidance
to students, which affected their engagement and mathematical thinking. These
data point to the fact that indirect guidance during online mathematics teaching
has proven to be quite unsuccessful. Regarding the importance of using digital
tools in promoting students’ cognitive development, the teachers who are prepared
for online teaching declared that they attach more importance to the research of
mathematical concepts, to the technical demonstration, as well as to the discus-
sion about what is shown on the screen, while the teachers who are not prepared
for online teaching attach greater importance to the visualization of mathematical
concepts and their mutual connection, to its explanation and to explaining math-
ematical representations (Guerrero-Ortiz, Huincahue 2020). The application that
teachers used at the beginning of online classes was WhatsApp. Teachers mostly
used videos, digital documents, and tutorials from the Internet. Teachers stated
that they sent learning material to students in the form of modules, videos, and
other materials, after which they directed students to online discussions or gave
them online quizzes. Of the applications teachers most often used, WhatsApp and
Google Classroom were used most for transferring materials; Zoom, Google Meeting
and Jitsi were used for holding discussions; Google Forms and online quizzes helped
to check what students; the most used application was WhatsApp (Guerrero-Ortiz
et al. 2020; Fakhrunisa et al. 2020). For the disadvantages of online teaching, the
teachers pointed out the following: teachers’ readiness to launch applications and
students’ difficulty in using them, ignorance of the possibilities for more effective
online tools that students can use, limitations in achieving learning that requires
mathematical thinking, limitations in providing and receiving feedback, inability
of some students to control the freedom with their time, and the need for direct
guidance (for weaker students). For the advantages of online teaching, teachers
pointed out: encouraging students to work independently, encouraging students
and teachers to master the use of modern technologies, more flexible study time,
adaptation of students to a more creative approach in performing tasks, and better
storage of material that remains after the lesson. From the above facts, it is con-
cluded that in the initial stages of online teaching of mathematics, it is necessary to
offer professional training to teachers for working with certain digital tools, as well
as direct instruction to students so that they can use all the benefits of this learning
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mode and acquire the necessary knowledge in this way. This would also improve
communication between teachers and students. After a certain amount of time and
the acquisition of adequate skills for working with digital tools, direct instruction
could increasingly give way to indirect instruction, which would contribute to stu-
dent independence in work and a more creative approach in performing their duties.

METHODOLOGY

THE PROBLEM, OBJECTIVES, AND METHODS

The subject of this research is the perception of the specific characteristics
of the application of indirect versus direct instruction in online mathematics classes
from the teachers’ perspective. The research problem can be formulated in the form
of the following question: how do teachers perceive the use of instructional guid-
ance in online mathematics classes?

The main goal of the research is to examine the teachers’ perception of the
requirements and benefits of using indirect versus direct instruction in online teach-
ing of mathematics. In addition, one of the objectives was to examine the impact
of socio-educational variables, specifically teachers’ work environment, level of
education, and years of work experience on the way teachers perceive the applica-
tion of indirect versus direct instruction in online mathematics classes. It was also
determined whether, compared to other subjects, teachers more often apply a cer-
tain type of instruction in mathematics classes, as well as what teaching materials
and tools for communication they use when applying direct and indirect instruction
in online mathematics classes.

Theoretical analysis was used for explanation of the key concepts. The fol-
lowing methods were used in the research: descriptive-analytical method and meth-
ods of inferential statistics.

SAMPLE

The sample used in this research consists of 228 teachers in the first cycle
of primary education in the Republic of Serbia. An overview of the characteristics
of the sample can be found in Table 1. Currently, 2 respondents are pursuing pro-
fessional studies, 9 respondents are pursuing academic studies, 10 are in master’s
programs and 11 are in doctoral programs.
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Table 1. An overview of the characteristics of the sample

Gender Environment Level of education Years of working experience

Male 18 Urban 120 Professional studies 26 Less or equal to 10 43

Female 206  Rural 101 Academic studies 121 From 11 to 20 30

Non-binary 1  Noanswer 7 Specialist studies 3 From 21 to 30 101

No answer 3 Master studies 74 More or equal to 31 52
Ph.D studies 1 No answer 2
No answer 3

INSTRUMENT AND PROCEDURE

For the purpose of our research, a questionnaire Direct and indirect instruc-
tion in classroom mathematics was created, which contains 13 questions as a part of
our wider research. The first part of the questionnaire included socio-educational
characteristics of the chosen sample, such as the environment in which the teachers
work, their level of education, and their work experience. In the second part of the
questionnaire, the respondents could express their agreement with the statements
on a five-point Likert scale. For the purposes of data processing, respondents’ an-
swers were assigned values from 1 (“do not agree at all”) to 5 (“totally agree”). In
the closed-ended questions, the respondents could choose which type of instruction
they use most often in online mathematics classes compared to other subjects. The
questionnaire was created in an online format and distributed by sending a link
through which respondents filled in the questionnaire electronically. The question-
naire was sent to all elementary schools in the Republic of Serbia, with the indica-
tion that is intended for teachers in first cycle of primary education. The data was
processed in the statistical package IBM SPSS for Windows, version 20.

RESULTS

The first task of the research was to examine teachers’ perceptions of the
application of indirect instruction (if), in relation to direct instruction (dfi), in online
mathematics teaching. The first group of items refers to the requirements for the
application of ii in relation to di in online mathematics teaching: The application
of ii in relation to di in online mathematics teaching requires:

1. a more active role and greater engagement of the teacher (Item code R1),
2. greater methodological competence of the teacher (R2),

3. more time for teacher preparation (R3),

4. more material and technical resources (R4),

5. is more complex and can represent a professional challenge for teachers (RS),
6. a more active role and greater engagement of students (R6).
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Descriptive indicators of the teacher’s perception of the requirements for
application of ii in relation to di in online mathematics teaching are presented in
Table 2. From Table 2 we can see that the teachers least agree with the statement
that the application of ii in relation to di in online mathematics teaching requires
a more active role and greater engagement of students; the teachers most agree
with the statements that the application of i in relation to di in online mathematics
teaching requires more material and technical resources and that the application of
ii compared to di in online mathematics teaching requires more time for teacher
preparation.

Table 2. Descriptive indicators of the teacher’s perception of the requirements for
application of i in relation to di in online mathematics teaching

Items N 1 2 3 4 5 M SD*
R1 222 3% 7.7% 20.7% 28.4% 40.1% 3.95 1.096
R2 222 1.4% 1.5% 18.9% 29.7% 40.5% 3.99 1.049
R3 224 2.2% 8.0% 16.5% 26.3% 47% 4.08 1.075
R4 224 1.8% 5.8% 16.5% 26.3% 47% 4.09 1.013
RS 219 1.4% 7.8% 18.3% 31.9% 40.6% 4.03 1.013
R6 225 6.2% 12.4% 19.6% 30.2% 31.6% 3.68 1.215

*Standard deviation

The second group of items refers to the benefits of indirect instruction com-
pared to direct instruction in online mathematics teaching. The application of in-
direct instruction in relation to direct instruction in online mathematics teaching. ..

1. better equips students for independent work (Item code C1),

2. is more effective in terms of developing student competencies (C2),
3. contributes to the quality of interaction with students (C3),

4. encourages students’ interest in teaching (C4).

Descriptive indicators of the teacher’s perception of the contribution for ap-
plication of indirect instruction in relation to direct instruction in online mathemat-
ics teaching are presented in Table 3. From Table 3 we conclude that the teachers
least agree with the statement that the application of indirect instruction in relation
to direct instruction in online mathematics teaching contributes to the quality of
interaction with student; the teachers most agree with the statement that the appli-
cation of indirect instruction in relation to direct instruction in online mathematics
teaching better equips students for independent work.
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Table 3. Descriptive indicators of the teacher’s perception of contribution for application of
ii in relation to di in online mathematics teaching

Iltems N 1 2 3 4 5 M SD

C1 225 6.2% 12.4% 19.6% 30.2% 31.6% 3.68 1.215
c2 223 6.3% 13.5% 20.2% 32.7% 27.3% 3.61 1.198
c3 222 5.9% 18.0% 23.4% 28% 24.7% 3.48 1.210
c4 225 7.2% 13.8% 24.0% 27.5% 27.5% 3.55 1.228

The Kolmogorov—Smirnov test (Sig. = .000) and Shapiro—Wilk test (Sig. =
.000), as well as the shape of the histogram, showed that the scores on the all items

were not normally distributed. Therefore, we used non-parametric methods for data
analysis. The Mann—Whitney U test showed that there is no statistically significant
difference on the items R1-R6 (p =.123-.779) and C1-C4 (p =.356-.919) in rela-
tion to the environment where the teacher works. The Jonckheere—Terpstra test for
ordered alternatives revealed statistically significant differences on items R4 (T,
= 8225000, z = 2.089, p = .037, r = 0.14 small effect) and C1 (T, .= 8287500, z
=1.987, p =.047, r = 0.13 small effect) in relation to level of education. Groups
of professional studies, academic studies, and specialist studies have a median of
4; groups master studies and Ph.D studies have a median of 5. The influence of
the level of education on items R1-R3, R5, R6 (p = .128-.689) and C2-C4 (p =
.119-.575) is not statistically significant. The Jonckheere—Terpstra test for ordered
alternatives revealed statistically significant differences on item R6 (T, = 8447000,
z=-1.982, p=.047, r = 0.13 small effect) in relation to years of working experi-
ence (Gpl 1-10 years, n = 42, Md = 4.28; Gp2 11-18 years, n = 26, Md = 4.26;
Gp3 19-25 years, n = 32, Md = 4.09; Gp4 26-33 years, n = 82, Md = 4.02; Gr5
34+ years, n =41, Md = 4.07).

In relation to other subjects in online mathematics teaching, 52.2% of teach-
ers more often apply direct instruction, 14.7% of teachers more often apply indirect
instruction, and 33% of teachers state that there is no difference compared to other
subjects.

Furthermore, the teachers had to rate the extent to which they used the
offered tools for communication with students and the implementation of online
mathematics teaching using direct instruction on a scale from 1 (“did not use it”) to
5 (“used it to a great extent”). The descriptive indicators are shown in Table 4. The
most frequently used tool for communication with students in online mathematics
teaching with direct and indirect instructions is Viber. Teachers reported that they
have also used the RTS platform (sample lessons recorded on TV), ClassDojo, MIT
AppInventor, e-classroom, Messenger, Google Meet, and Discord for both direct and
indirect instruction.
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Table 4. Descriptive indicators of the use of tools for communication with students and the
implementation of online mathematics teaching when applying di and ii

Tool Instr. N 1 2 3 4 5 M SD
Google di 221 21.7% 9% 12.7%  15.8%  40.8% 3.45 1.599
Classroom ii 217 27.2% 10.6% 10.6% 12.4%  39.2% 3.26 1.683
My Tesla di 200 76.5% 7.5% 8.5% 3% 4.5% 1.52 1.070
classroom EDU ii 200 77% 6% 6% 6.5% 4.5% 1.56 1.142
Microsoft Teams  di 197 3.4% 62.7% 12.3% 11.3% 7.4% 1.71 1.126
ii 197 67% 11.2% 9.6% 7.1% 5.1% 1.72 1.199
Ed-modo di 198 74.7%  10.1% 6.1% 3.5% 5.6% 1.55 1.120
ii 200 77% 8.5% 6% 3.5% 5% 1.51 1.089
Jitsi di 195 87.2% 5.6% 5.1% 2.1% 0% 1.22 0.632
ii 197 85.8% 6.1% 5.1% 2.5% 0.5% 1.26 0.714
Online quizzes di 211 303% 14.7% 22.7% 15.6% 16.6% 2.73 1.456
ii 211 33.6% 16.1% 17.1% 142% 19% 2.69 1.523
Moodle di 196 73.5%  10.7% 6.1% 6.6% 3.1% 1.55 1.068
ii 199 76.4% 9% 5.5% 4.5% 4.5% 1.52 1.086
Google Drive di 197 49.7% 11.7% 16.8% 11.2% 10.7% 2.21 1.427
ii 200 59% 12.5%  11.5% 8.5% 8.5% 1.95 1.348
e-mail di 211 19.9% 13.7% 123% 19% 35.1% 3.36 1.553
ii 205 25.4%  132% 151% 22.4% 23.9% 3.06 1.528
Zoom di 196 46.4% 11.2% 15.3% 12.8% 14.3% 2.37 1.512
i 203 54.2% 10.3% 12.3% 10.3% 12.8% 2.17 1.488
Skype di 192 62.5% 13% 7.3% 7.8% 9.4% 1.89 1.360
ii 197 67% 8.6% 6.6% 7.1%  10.7% 1.86 1.403
Viber di 222 6.3% 7.2% 9.9% 13.5% 63.1% 4.20 1.246
ii 217 6% 74% 17.5% 18% 51.2% 4.01 1.236
Social networks  di 199 54.8% 9.5% 12.6% 11.6% 11.6% 2.16 1.471
i 202 56.4% 10.4% 11.9% 8.4% 12.9% 2.11 1.476
Talking on the di 214 17.8% 10.7%  21.5% 15.4%  34.6% 3.38 1.490
phone ii 212 193% 10.8% 22.6% 14.6% 32.5% 3.30 1.500

Teachers were directed to choose which type of teaching materials they
offer their students when applying direct instruction within online mathematics
classes. PowerPoint, Prezi, and other types of presentations were chosen by 72.8%
of teachers; text materials were chosen by 83.3% of teachers; additional content
and explanations along with text materials were chosen by 75.4% of teachers; text
materials for practice were chosen by 75.4% of teachers; video materials were
chosen by 71.9% of teachers; audio materials are used by 33.3% of teachers; simu-
lations were chosen by 18.4% of teachers; links to useful content or websites were
chosen by 61.8% of teachers; and charts, diagrams, illustrations and similar tools
were chosen by 74.1% of teachers.

Also, teachers were directed to choose which type of teaching materials they
offer their students when applying indirect instruction within online mathematics
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classes. PowerPoint, Prezi, and other types of presentations were chosen by 66.2%
of teachers; text materials were chosen by 69.7% of teachers; additional content
and explanations along with text materials were chosen by 58.8% of teachers; text
materials for practice were chosen by 67.1% of teachers; video materials were
chosen by 68.8% of teachers; audio materials were chosen by 32.4% of teachers;
simulations were chosen by 17.1% of teachers; links to useful content or websites
were chosen by 65.8% of teachers; and charts, diagrams, illustrations and similar
tools were chosen by 67.5% of teachers. Teachers stated that they still use prepared
games and recorded lessons.

DISCUSSION

Given that the method and mode of instruction represent key elements in
the effectiveness of the realization of teaching goals, as well as the current impor-
tance of online teaching during the COVID-19 pandemic, and the increasingly
frequent use of modern technologies in teaching (Fakhrunisa et al. 2020; Kopas-
Vukasinovié, Mihajlovi¢, Miljkovi¢ 2021; Singh, Thurman 2019), it was important
to examine how teachers perceive the application of direct and indirect instruc-
tion in online mathematics classes and with which socio-educational factors their
answers are related. Also, our research was particularly focused on determining
whether they choose a certain type of instruction more often in the mathematics
class and to examine which teaching aids and communication tools they predomi-
nantly use for each type of instruction.

When it comes to the perception of the benefits of indirect instruction com-
pared to direct instruction, this research showed that teachers significantly perceive
more positive aspects of indirect instruction compared to direct instruction, which
corresponds to previous studies that dealt with the issue of indirect instruction in
mathematics teaching (Aaron et al. 2015; Warner et al. 2017). In this research, it
was shown that as the greatest advantage of the application of indirect instruction
compared to direct instruction is that teachers see the preparation of students for
independent work and a positive impact on the development of student competen-
cies. Also, to a lesser extent, they perceive that indirect instruction contributes
to encouraging students’ interests in the content, as well as to a better quality of
interaction with students. This is especially important because teachers often state
that communication is a problem when implementing online classes (Hohlfeld et al.
2017; Yilmaz et al. 2021), and the application of indirect instruction in this sense
can be singled out as one of the potential ways to partially overcome this problem.

In the context of the requirements of applying indirect instruction compared
to direct instruction in online mathematics classes, teachers mostly assess that this
type of instruction requires greater material and technical resources, more time
for lesson preparation, and that its application is generally more complex and rep-
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resents a greater a challenge for teachers. This is consistent with previous studies
that have dealt with the potential limitations and disadvantages of using indirect
versus direct instruction in online teaching (Trybus 2013; Warner et al. 2017),
which indicated that the realization of mathematical content with direct instruction
is simpler, and that the preparation requires much less time. Previous studies also
determined that with indirect instruction it is more difficult to get students to think
independently, and that this type of work in an online environment requires addi-
tional material and technical support, which proved to be particularly problematic
when working with students who come from socio-economically disadvantaged
backgrounds (Baysu et al. 2019; Ozdemir 2016). In addition to the above, teach-
ers — to a significant extent — perceive that the application of indirect instruction
in online mathematics classes requires greater methodological competence and a
more active role for teachers and students. This also corresponds to the findings
of previous studies, which indicate that this type of work requires greater meth-
odological and technical competence (Fakhrunisa et al. 2020; Guerrero-Ortiz et
al. 2020). The findings of this research indicate that it is necessary to work on the
continuous development of the methodological and technological competences of
teachers and to provide them with appropriate material and technical support, in
order to apply indirect instructions as efficiently as possible and enable the most
active role of students in online mathematics classes.

This research has shown that teachers from urban and rural areas equally
perceive the benefits and requirements of applying direct and indirect instruction
in online mathematics teaching. It has been noticed that students of a higher edu-
cational level (with completed master’s and doctoral studies) perceive slightly more
intensively that the application of indirect instruction better equips students for
independent work, but also that it requires greater material and technical resources.
It is possible that they are better informed about the characteristics of the applica-
tion of indirect instruction in teaching, thanks to the additional education they have
acquired, although it should be taken into account that these are small perceptual
differences. Also, it was shown that teachers with less work experience perceive to
a slightly greater extent that the application of indirect instruction requires a more
active role and intensive engagement of students in online mathematics teaching.
This may be a consequence of the fact that they completed their studies more
recently, in accordance with contemporary educational paradigms, which have in-
creasingly focused on the active role of the student, in contrast to traditional teach-
ing where the student is more passive. Further, less experienced teachers tended
to have higher expectations for students’ performance, but it should be highlighted
that this tendency was slight. It could be expected to a certain extent that the ac-
quired education and work experience would shape the teachers’ perceptions when
it comes to the application of instructions in online teaching, so those results are
consistent with previous findings (Trybus 2013; Warner et al. 2017).
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The results of this research showed that approximately half of teachers, com-
pared to other subjects, use direct instruction more often in online mathematic
teaching while about a third of teachers equally apply direct and indirect instruc-
tion across subjects. Only about 14% of teachers indicated that they use indirect
instruction more often than direct instruction in online mathematics classes. It can
be assumed that the reason for this result is that teachers perceive the implemen-
tation of indirect instructions in online mathematics classes as more complex, as
requiring more time, and as requiring additional material and technical resources,
which they often do not have (Akram et al. 2022). This suggests that it is necessary
to work on strengthening the competences of teachers and to improve the teaching-
technological infrastructure in schools.

Regarding the use of tools for communication in online mathematics classes,
teachers reported that they predominantly used Viber, Google Classroom, phone
calls, and e-mail for both direct and indirect instruction. To a lesser extent, they
also used various online quizzes, Google Drive, Zoom, and social networks, while
they used the other tools to an even lesser extent. It is noted that teachers use a
rather wide range of tools, which can be seen from the answers to the open-ended
question, where they had the opportunity to state themselves if they used something
that was not in the offered answers. The obtained result corresponds to previous
studies that found that teachers are trained to use different tools (Akram et al.
2022; Guerrero-Ortiz et al. 2020; Mihajlovié, Vulovié, Maric¢i¢ 2021).

When it comes to the application of teaching materials, both in the appli-
cation of direct and indirect instruction, teachers indicated that they most often
use text materials. PowerPoint, Prezi and other types of presentations, additional
content and explanations, exercise materials, simulations, and charts, diagrams, and
illustrations are somewhat more often used in direct instruction. Links to useful
content are more often used in indirect instruction. They use video materials much
more often than audio materials in both direct and indirect instruction. This also
indicates that teachers use a wide range of teaching materials when applying both
types of instruction in online mathematics classes, and that they use a slightly larger
number of materials when applying direct instruction, probably because it is easier
for them to apply, and they use it more frequently, which is also expected consider-
ing previous studies (Fakhrunisa et al. 2020; Guerrero-Ortiz et al. 2020).

CONCLUSION

The main contribution of this research is reflected in the examination of
how teachers perceive the application of indirect versus direct instruction in online
mathematics classes, as well as what factors could be influences associated with
that perception. The general research hypothesis was confirmed. When it comes
to practical implications, in accordance with the perception of the benefits and
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demands that teachers face in this domain, it will be possible to create appropriate
educational support and programs for the further development of teachers’ com-
petencies in this area. Especially when taking into account the important factors
that contribute to the use of indirect instruction in online mathematics classes,
the results indicate that this presents a special kind of challenge for teachers and
that they tend to apply it somewhat less often than in other subjects. The use of
indirect instruction, as this research showed, would especially contribute to over-
coming communication problems, which are reported as a frequent problem of
online teaching. For this reason it is particularly important to work on providing
appropriate material and technical support to teachers.

The examined socio-educational factors — levels of education and work expe-
rience — proved to be significantly related to the teachers’ perception of direct and
indirect instruction. Through future research, it would be useful to examine whether
any other internal and external factors are related to teachers’ perceptions (e.g.
their personal characteristics, school resources) about the application of direct and
indirect instruction in online mathematics teaching. Also, it would be significant to
study the effects of potential educational programs that could be implemented with
the aim of empowering teachers to overcome challenges and to more often apply
indirect instructions in online mathematics classes, bearing in mind all the positive
sides of this approach, which they themselves are aware of.
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Karenpa 3a MaTeMaTuky U METOJMKY HACTaBE MaTEMaTUKE

I[MEPUEIIWIE YYUTEJBA O UTHCTPYKTHBHOM BOBELY ¥V
OHJIAJH-HACTAB MATEMATHUKE

Pe3ume: OCHOBHM 1MJb OBOT UCTpPakMBama MPEACTaB/ba UCIIUTHBAKBE HAUMHA Ha
KOjY yYHUTEJbH OMakajy 3aXTeBe U AONPUHOC IPUMEHE MHIUPEKTHE Y OAHOCY HA AUPEKTHY
uHcTpykiujy. [Topes Tora, jenan o quibeBa je 1o U UCTIUTATH OJIHOC COLIMOEyKaTUBHUX
Bapujadiu: pajHa Cpe/liHa, HUBO 00pa30Barba M TOAMHE PA/IHOT MCKYCTBa Ca HAYMHOM
Ha KOJU yUYMTEsbYU Olaxajy NMPUMEHY UHAMPEKTHE Y OJHOCY Ha AWPEKTHY MHCTPYKLM]Y Y
OHJIajH-HACTaBHM MaTeMaTuKke. YTBpheHo je 1 aa i y nopehery ca JpyruM mpeaMeTrMa,
y HACTaBM MaTeMaTHKe YUMTesbU uerihe npuMeryjy oapeheHy BpcTy HHCTPYKIMja, Kao 1
KOje HaCTaBHE MaTepujajie U CPeICTBA 32 KOMYHUKAIIU]y PUMEY ]y TPUIMKOM yIoTpede
JMPEKTHE ¥ MHAVWPEKTHE NHCTPYKIMje Y OHJIAjH-HACTABU MaTeMaTHKe.

OBO UCTpakMBAKE je MOKA3aJIo Ja YUUTE/bH Y 3HaUajHO ] MepH yBUDajy MO3UTUBHE
CTpaHe MPUMEHe MHANPEKTHE Y OHOCY Ha AUPEKTHY MHCTPYKIMjy. Kao Hajsehe nonpuno-
ce MpUMEeHe MHIMPEKTHE y OJHOCY Ha JUPEKTHY MHCTPYKIIM]Y, BUE IPUITPEMY YUSHHUKA 3a
caMocCTaJlaH paj ¥ MO3UTUBAH YTHIA] HA Pa3B0Oj YUEHHMUKUX KomreTeHIja. Kaga ce paqu
0 3aXTeBUMa MPUMEHE MHIUPEKTHE y OJHOCY Ha AUPEKTHY MHCTPYKIIM]y y OHJIajH-HACTa-
BU MaTeMaTuKe, yuuTe/bd Y HajBehoj Mepu olieryjy Ja OBa BpCTa MHCTPYKIIMja 3aXTeBa
Behe MaTepujajiHe ¥ TEXHUYKE pecypce, BUIIIEe BpeMeHa 3a IPUITPEMy vaca, Te 12 je mheHa
IIpUMEeHa TeHepaJlHO KOMIUIEKCHHja 1 /1a ITpe/icTaBsba Behr 13a30B 3a yunresbe. [lokazano
ce Ja ce MepLeniyja KapaKTepucTUKa MpUMEHe JUPEKTHE U MHANPEKTHE MHCTPYKIHUje Y
OHJIajH-HACTaBU MaTeMaTHKe JJOHEKJIe Pa3/IMKyje, y 3aBUCHOCTHU O] TOra Jia JIU CY Y IUTamby
I/lCKyCHl/IjI/I WM Makb€ UICKYCHH YUYUTE/bU, KaO U TOr'a KOJIMKU je CTCIIEH BbUXOBOI' IMTPETXO-
HOT 00pa30Bama. YUUTesbU U3 IPAJICKE U CEOCKE CPEAMHE y MO jeHAKO] MEPU CY CBECHU
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JOMPHUHOCA U 3aXTeBa PUMEHE UHIMPEKTHE Y OIHOCY Ha AWPEKTHY MHCTPYKIIU]Y, T€ OBO
MO’Ke UMaTH MO3UTUBHE UMILTUKAIM]e 32 HACTABHY IMPAaKCy.

V1BpheHo je ma npudMMKHO MOJIOBUHA yuuTesba, Y nopehemwy ca ocranum npea-
MeTuMa, Jerhe KOPUCTH JUPEKTHY MHCTPYKIIW]Y Y OHJIAjH-HACTaBU MaTeMaTHKe, JIOK OKO
TpehuHe yunTesba o/ jeHaKko NpUMeY je TUPEKTHY M MHIMPEKTHY MHCTPYKIIHU]Y, Ka0 Uy
npyruM npegmetrMa. Ceera oko 14% yuautesba HaBeslo je 1a derhe KOPUCTHA WHIAUPEKTHY
y OJJHOCY Ha JUPEKTHY MHCTPYKIIM]Y Y OHJIajH-HACTABU MaTeMaTHKe.

IIIto ce TMye npuMeHe cpelcTaBa 3a KOMyHHUKALWMjy Y OHJIAjH-HACTaBM MaTeMa-
THKE, YYUTEIbH Cy M3BECTHIIM JIa ¥ KO/ IIPUMEHE TMPEKTHE M KOJI PUMEHe MHIMPEKTHE
MHCTpYyKIMje npetexkHo kopucre Viber, Google Classroom, pa3roBop Teae(p)oHOM U UMejIL.
VYunressu cy U3BECTHIIM /1a KOPHCTE MIMPOK CHEKTap HACTAaBHUX MaTepHjajia KoJl MpUMeHe
00e BpCTe MHCTPYKIMja Y OHJIajH-HACTABU MaTeMaTuKe.

Kaza je ped o npakTHYHUM MMIUIMKALMjaMa, y CKJIaLy ca BUheweM JonpuHOca U
3axTeBa KOjM ce Hajla3e Mpe[] yUuTeJbuMa y OBOM JoMeHy, onhe omoryheHo n kpenpame
oxroeapajyhe rmoapiike u nporpama 3a Aajbi Ipo(heCHOHATHH pa3B0j YIUTesba, TOCEOHO
Kajia ce y3Me y 0O3Up 3Hauaj M yJiora Kojy MpUINCYjy NPUMEHH WHIUPEKTHUX WHCTPYK-
LIFja y OHJIajH-HACTABM MAaTeMaTHKEe M Pe3yJITaT KOju TOBOPH O TOME 1 32 FhHX OBO TIpe[l-
CTaBjba NOCEOHY BPCTY M3a30Ba, Te Ja Cy CKJIOHU Jia je IPUMelbY]jy MIIaK HellTo pehe Hero
y OCTaJIM TpeaIMeTAMa. YHoTpeda MHANPEKTHUX WHCTPYKIMjA TOCedHO OU IOoTprHeIa
IIpeBa3wIakey MpodjieMa y KOMYHUKALUjU, KOjU Ce HAaBOOU Kao 4ecT HeJOCTAaTaK OH-
JIajH-HACTaBe.

Kmyune peuu: nUpeKTHa U THAMPEKTHA UHCTPYKIIMja, OHJIajH-HACTaBa MaTeMaTHUKe,
OCHOBHO 00pa30Bambe, CTABOBH yUNTEba.
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