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Abstract: Nowadays, science, technology, engineering, and mathematics (STEM) play a critical role
in a nation’s global competitiveness and prosperity. Thus, there is a need to educate students in these
subjects to meet the current and future demands of personal life and society. While applications,
especially in science, engineering, and technology, are directly obvious, mathematics underpins
the other STEM disciplines. It is recognized that mathematics is the foundation for all other STEM
disciplines; the role of mathematics in classrooms is not clear yet. Therefore, the question arises: What
is the current role of mathematics in secondary STEM classrooms? To answer this question, we conducted a
systematic literature review based on three publication databases (Web of Science, ERIC, and EBSCO
Teacher Referral Center). This literature review paper is intended to contribute to the current state of
the role of mathematics in STEM education in secondary classrooms. Through the search, starting
with 1910 documents, only 14 eligible documents were found. In these, mathematics is often seen as
a minor matter and a means to an end in the eyes of science educators. From this, we conclude that
the role of mathematics in the STEM classroom should be further strengthened. Overall, the paper
highlights a major research gap, and proposes possible initial solutions to close it.

Keywords: STEM education; role of mathematics in STEM; literature review; STEM integration;
STEM classroom; secondary education

1. Introduction

Science, technology, engineering, and mathematics—STEM for short—has been the
focus of government policy development and education research for more than a decade [1].
The ability to adaptively, critically, and creatively use science, technology, engineering,
and mathematics skills when confronted with real-world problems is central to produc-
tive participation in personal and civic life as well as in the workplace [2–4]. This joint
integrated consideration is sensible and necessary against the background of a critical and
reflective participation, which is characterized by rapid technological, industrial, and social
change. It is important to be aware of the basics needed to comprehensively serve this
integrated perspective.

Since the aim of education “[. . . ] means to adjust him [the student] to those elements
of his environment that are of concern in modern life, and to develop, organize, and train
his power so that he may make efficient and proper use of them[.]” [5] (p. 39), the calls to
increase STEM education effort led to research of STEM integration in schools. From an
educational theory perspective, leveraging synergies across disciplines is particularly im-
portant because it can help students develop a better understanding of disciplinary concepts
and facilitate the transfer of knowledge from one disciplinary context to another [6].

However, over the last decade, educational research has discussed STEM primarily
from the perspective of science, while mathematics generally has played a superficial role
in classroom activities [7]. At this point, it becomes obvious that more attention should be
paid to mathematics, the last-but-not-least letter in the term STEM. On the one hand, this is
because mathematics works as a means of communication or language of all disciplines
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mentioned in the term. On the other hand, the applications from science, technology, and
engineering are usually based on (more or less complex) mathematical models. Identifying
and sharing the essential mathematical characteristics enables users to interpret existing
results and, if necessary, apply them to contexts that differ from those in which they were
originally developed.

There have been various discussions and approaches to how mathematics should be
integrated into STEM and what role mathematics should play. In doing so, this work on
the role of mathematics focused on highlighting exemplary approaches for integrating
mathematics into STEM education (e.g., [1,5,6]).

In this systematic literature review, we identified a research gap. This was discerned
by analyzing the current state of research on the current role of mathematics in STEM
education in secondary school classrooms. The results of the review are presented in
this paper.

This analysis aims to contribute a first step in highlighting the role of mathematics
in STEM classrooms and points to how mathematics can be profitably integrated into the
classroom and inspire further research.

2. Theoretical Frameworks as the Basis for the Research Questions and Analysis
2.1. STEM Activities at School Model of Teacher Collaborations or Subject Collaborations

While there is a broad consensus that the interplay of different disciplines in STEM is
necessary and useful against the background of a critical and reflective participation [1–3,8],
in many countries, there is no subject called STEM that combines science, technology,
engineering, and mathematics in one subject (e.g., Australia, Germany, . . . ). For example, in
the southern German state Bavaria, there is a subject that combines technology and natural
sciences in years 5 to 7. The subject aims to form a basis of scientific, technical/engineering
education, and computer science by combining these subjects in one [9].

However, even though the subject combines those disciplines, the subject itself is
taught with separated focusses on biology, propaedeutic chemistry, computer science,
and physics. The subject is taught in grade five to seven usually by biology, physics, or
geography teachers without a central role of mathematics.

There are different ways to characterize the integration of subjects in STEM education:
first, as the degree of integration; and second, as the structure of integration [9]. In our
analysis, we refer to Hobbs et al. [10] who expanded on Duggers’ categorized collabora-
tions [11] and curricular models of how STEM is practiced in schools. They differentiate
five distinct approaches to implementing STEM in schools, as shown in Figure 1. The
authors emphasize that this is not meant to be limiting [10].

At the top of Figure 1, the integrated approach is shown in symbolic form. This is
one of four ways to incorporate STEM into the classroom, combining all STEM disciplines
equally in a real-world problem. This approach is one way to incorporate STEM into the
classroom, combining all STEM disciplines and is the highest level of integration of the
disciplines [10]. This could correspond to a realization of a subject called STEM.

Alternatively, the subjects can be taught completely separately, as shown on the
bottom. In this case, each discipline is taught as an independent subject [10]. This is,
for example, the case in the current German curriculum in secondary school after the
eighth grade. Beginning from this grade, the disciplines are taught separately by different
subject teachers.

Between the extremes of teaching the subject completely integrated or separated, there
are (at least) three approaches to integrate STEM education without integrating all subjects
to the same extent.

The first of those is called “emphasis on one or two subjects in a teaching sequence” [10]
(p. 144). In this approach, the focus is on one or two disciplines, with a minor consideration
of the other disciplines. The disciplines in focus are marked with capital letters [10].
Figure 1 illustrates a possible symbolic presentation in which science and mathematics
are emphasized. An example for this is a lesson in which students manipulate graphs
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(M) to explore evolutionary selection (S—biology), as presented in one of the included
documents presented.
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The second of those approaches is the integration of other disciplines in a superordinate
subject, while in regular teaching, the other disciplines continue to be considered separately.
One iconic representation is shown in the middle of Figure 1: the main subject is written
on the top. In this approach, a problem is identified in the superordinate discipline, for
example engineering, to solve the problem. The other disciplines are integrated, but there
are little or no links between the other subjects [10].

The last approach added by Hobbs et al. [10] is a division of a superordinate real-world
problem into the different subjects. Individual collaboration with other subjects demands
teacher engagement.

2.2. The Role of Mathematics in STEM

In recent years, STEM education has emerged as a meta-discipline that aims to take an
integrated approach and, thus, has a holistic view of STEM education [12]. If one takes the
term STEM in its entirety seriously, it must not lead to a disadvantage in one discipline.
Nevertheless, in educational research in recent years, the perspective of science is frequently
in the center, while mathematics remains in the background [7].

Often, mathematics plays a service role in the learning experiences associated with sci-
ence, as an auxiliary discipline (e.g., [4,13,14]). Hereby, students apply existing knowledge
and use simple procedural applications, such as calculations to solve the mathematical
problems. This is problematic, on one hand, because this is exactly what computers can do
nowadays [15]. On the other hand, it shows that this is problematic for the development of
students’ mathematical knowledge and skills [8,13].

This lack of focus in STEM from the perspective of mathematics education was taken
as an opportunity to address this topic from this perspective as well. In recent years, there
has been various research works on how mathematics could and should be included as
well as what added value mathematics can contribute (e.g., [1,15–18]).
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An important part of STEM education is the relation to reality: understanding the
world and social contexts is only possible if basic mathematical competencies have been
acquired to work descriptively as well as normatively with mathematical methods. Mathe-
matics, for example, plays an important role for understanding and making assumptions [1].
In the next section, we will look at mathematical activities and skills in STEM.

2.3. Describing and Characterising the Application of Mathematics

In considering the role of mathematics in STEM education, we should be particularly
clear about what constitutes mathematical education. In this article, we will not take the
approach of mathematical specific topics but look at mathematical skills and activities,
although these cannot be considered completely separately. In the Encyclopedia of Mathe-
matics Education, Kilpatrick [19] defines mathematical competence as “a structural plan for
organizing the cognitive skills and abilities used in learning and doing mathematics” (p. 85).
In the hand search for mathematical skills, we could identify a large overlap in the activity
domain of skills and competencies (e.g., [8,15]). In the PISA Framework 2018 [20], they use
“the mathematical processes and the fundamental mathematical capabilities (in previous
frameworks the ‘competencies’)” (p. 74) to describe organizing the domain of mathematics.

In our analysis, we use the described mathematical activities in the mathematical
competencies to characterize mathematical activities in the included papers. We justify this
with the fact that mathematical skills and abilities are part of the definition of competences
and that we cannot analyze competencies with this approach.

In this way, we can use the framework for competencies as an analytical means to
describe and characterize the actual pursued or unpursued attainment of mathematical ac-
tivities in a particular segment of the learning system, as Niss and Højgaard [21] themselves
describe in their article for the competencies.

We do so to compare and contrast the state of affairs in different segments of the
educational system, including issues of transition from one element to another. Niss and
Højgaard [21] assign the competencies to two different categories, which we will use for
the evaluation:

• “Handling the language, constructs and tools of mathematics” (p. 17).
• “Posing and answering questions in and by means of mathematics” (p. 15).

The first category includes representation, symbols and formalism, communication, as
well as aids and tools. This category focuses on mathematics as a language and tool.

The second category implies mathematical thinking, problem handling, modelling,
and reasoning.

To integrate mathematics fully into STEM education, mathematics must not be per-
ceived and used solely as an operational discipline. Instead, “posing and answering
questions in and by means of mathematics” [21] (p. 15) has to be included as well. We have
chosen this approach to categorize the role of mathematics in the described activities of the
sequences in the included data.

3. Research Questions

There have been several approaches and suggestions to strengthen the role of math-
ematics (e.g., [1,18,22]). In our study, we aim to systematically analyze the current role
mathematics plays in STEM classrooms. The main purpose of our study is to answer the
two following research questions (RQ1 and RQ2):

RQ1: What is the distribution of studies on STEM activities in secondary classrooms, and
how can they be characterized by authors’ country of origin, time of occurrence, type
of work (theoretical or empirical; conference papers or journal articles), use of research
methods, and grade level?

RQ2: What is the current role of mathematics in secondary STEM classrooms?

We attempt to answer the overall question about the current role of in STEM classrooms
through answering the following sub-questions:
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• Under which model of teacher collaboration or subject collaboration are STEM activi-
ties currently framed in STEM classrooms?

• In what kind of (certain) educational settings is STEM practiced?
• How is mathematics applied in STEM classrooms?
• What role do the authors assign to mathematics in their STEM activities?

To answer the two research questions RQ1 and RQ2 and the four related sub-questions,
we systematically reviewed the literature on STEM education and mathematics over the
past 5 years.

4. Methodology of the Systematic Literature Review

In this section, we describe the methods we used for this literature review and present
the results afterwards. We give a description of our research strategies and manuscript
selection procedure. To do so, we have identified inclusion (4) and exclusion (5) crite-
ria based on [23,24], which is an appropriate methodology, as shown, for example, by
Cevikbas et al. [25].

4.1. Search Strategies and Manuscript Selection Procedure

Given the amount of research literature on this topic, we aim to provide an up-to-
date summary of the state-of-the-art research on the current role of mathematics in STEM
education by systematically reviewing primary research on STEM activities in schools.

The current review followed the preferred reporting items for systematic reviews and
meta-analysis (PRISMA) guidelines [23], and its extension PRISMA-S PRISMA statement
for reporting literature searches in systematic reviews [24]. The final literature search was
conducted on 31 May 2022, in the following databases: (1) Web of Science (WoS) Core
Collection; (2) ERIC; (3) Teacher Reference Center. To identify studies for this systematic
review, we used the search terms shown transparently in the following table. STEM * AND
(math * or mathematics *) AND (school or classroom) Peer Reviewed; Date Published:
1 January 2018–31 December 2022 AND apply equivalent subjects.

In our conducted search, we considered articles published in English only and related
to STEM tasks or STEM teaching scenarios at the secondary level. Our search included
studies at all levels of STEM instruction related to mathematics, conducted in the last 5 years,
as the search was intended to explore the current research. To specify the manuscripts
eligible for review, we formulated inclusion and exclusion criteria and created, additionally,
a scale classification of relevance. Because we wanted to identify the role of mathematics
in the secondary STEM classroom, we excluded studies that targeted elementary school
students and university or college students. For this reason, we also excluded studies
that did not address activities in the regular, compulsory classroom, such as electives or
extracurricular activities for, e.g., summer camps.

The selection of contributions was carried out in three main steps: (1) identification,
(2) screening, and (3) inclusion [23]. The search terms from Table 1 were used in the
identification phase and a literature search of the three databases listed yielded 2766 entries.
After limiting the search to secondary school, the number of articles was reduced to 1910.
Excel served as the software to manage the references and remove duplicate entries. After
removing 91 duplicate entries, 1819 entries were screened. We then manually screened
the titles, abstracts, and keywords of the remaining 1819 reports based on our ICs and
ECs and found 80 potentially relevant studies. In addition, we found 3 potentially eligible
datasets by content referencing the included data. Of these, two were excluded based on
the inclusion and exclusion criteria after screening of abstract and title. One article was
included in the full-text screening.
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Table 1. Information sources.

Database Search Terms 1

WOS

STEM * (Topic) and math * or Mathematic * (Topic) and School
OR Classroom(Topic) AND LANGUAGES: (English) AND
DOCUMENT TYPES: (Articles OR Book Chapter OR Review
Articles OR Early Access OR Proceedings Paper) AND WEB OB
SCIENCE CATEGORIES: Education Educational Research or
Education Scientific Disciplines

ERIC

STEM * AND (math * or mathematics *) AND (school or
classroom)
Expanders: Apply equivalent subjects
Refined by: Language: English/Document Type:
Peer-reviewed/Publication Date: 1 January 2018–31 May 2022

TRC

STEM * AND (math * or mathematics *) AND (school or
classroom)
Expanders: Apply equivalent subjects
Refined by: Language: English/Document Type:
Peer-reviewed/Publication Date: 1 January 2018–31 May 2022

1 Searches included all fields, such as titles, abstracts, and keywords. The asterisk serves as a wildcard, words and
consequently search results match if they start with the word preceding the * operator.

We examined the full-text versions of these 81 studies at the end of the screening phase
based on our eligibility criteria listed in Table 2. Subsequently, we included 14 studies in
the systematic review. The entire manuscript selection process is illustrated in Figure 2.

Table 2. Eligibility criteria.

Inclusion Criterion (IC) Exclusion Criterion (EC)

IC1: Studies at all levels of mathematics education
including mathematics as a service subject

EC1: Studies in a discipline other than mathematics
education without any connection to mathematics

IC2: Studies focusing on STEM lessons OR
approaches to a STEM topic including mathematics

EC2: Studies focusing on primary or
university students

IC3: Document types: journal articles, reviews, book
chapters, or proceedings papers

EC3: Studies mentioning STEM education, but not
focusing on lessons (e.g., out-of-school activities)

IC4: Studies indexed in Web of Science Core
Collection, ERIC, Teacher Reference Center EC4: Studies not published in English

EC5: Studies not indexed in any database included
in IC4

Our search may have excluded some studies of interest, such as those not published
in English or in journals or books not listed in the included databases. We did not include
studies from German-speaking journals/countries that were listed only with the German
translation of STEM (MINT). Furthermore, we excluded studies that were conducted
outside of school. We excluded these activities because the aim of our study was to take a
literature-based view of the role of mathematics in the secondary classroom, rather than in
STEM education in general. These would potentially bias data collection, as extracurricular
activities are sometimes targeted at students with higher math achievement or higher
math/science interest. Nevertheless, our sample and results may be biased in these aspects,
as new approaches may more easily fall outside of curricular boundaries in this setting
due to freer design options. This may be considered a limitation of our study. There
was no hand search performed except for the 3 documents listed that the authors of the
source documents explicitly referenced in terms of content related to the STEM unit in
the classroom.
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4.2. Data Analysis

After screening, fourteen papers were included for systematic review. These papers
are listed in the Supplementary Materials (Refs. [26–39] are cited in the Supplementary
Materials). For the analysis, we developed a coding scheme and categorized them according
to the research questions and sub-questions:

• Study characteristics and research methodologies which were asked in research question 1.
• Educational settings and approach.
• Mathematical application.

Table S4 in the Supplementary Materials illustrates our coding with regarding to
the educational settings. We analyzed the studies that pertained to our research interests
systematized by the three main categories. To answer the first research question, we
categorized the general characteristics of the examined studies using subcategories (e.g.,
publication year, document type, authors’ countries, research methods, sample size, and
class levels). In the second category, we analyzed the educational settings and approaches
in which the student activities were or are supposed to be implemented. In the last category,
we used several subcategories (e.g., mathematical application, role of mathematics, and
author’s view of the use of mathematics).
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The main parts of the coding manual can be found in the Supplementary Materials in
Tables S1–S3.

5. Results of the Systematic Literature Review

Our results are presented in three parts: First, the results concerning the first research
question (RQ1). This includes the characteristics and research methods of the studies con-
sidered. Second, we present the results on the educational setting and teacher collaboration
or subject collaboration. Third, we report the results regarding the type of application of
mathematics as well as the assigned role of mathematics.

5.1. Results concerning Study Characteristics and Research Methodologies (RQ 1)
5.1.1. Types of Documents

The 14 papers included in our study consisted of 13 journal articles and 1 non-journal
article, that were published in 12 different journals.

Considering that different underlying disciplines can lead to a different view of the
role of mathematics, we analyzed the journals by underlying disciplines according to their
titles, aims, and scopes. We classified the results in journals with one discipline. The
distribution of journals among disciplines is shown in Figure 3a; only those disciplines are
listed in the figure to which at least one contribution was assigned. We classified the results
into different categories: on the one hand, journals that primarily address one discipline
(these have been listed separately); on the other hand, we have listed journals that combine
two disciplines and summarized these as mixed journals. Journals that address at least
three disciplines have been grouped together as STEM journals. Other journals are those
that are not directly related to a discipline.
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Figure 3. (a) Topics that the Journals are primarily assigned to (b) Target group of the Journal.

The included papers consisted of only two journals (15%) that could be assigned
primarily to math education. Most of the journals were in the natural science discipline
(n = 6, 46%). The remaining journals were assigned to technology education (n = 3, 23%),
STEM education (n = 2, 15%), and mixed journals (n = 2, 15%). Of the articles considered,
none were included in a journal purely related to technology education.

We further analyzed the dispersion of journals in terms of target group. We did this
because the purpose of the study can impact on the focus, and we wanted to identify
trends in the target groups. We classified the results into two main categories—teachers
and researchers. The journal “the mathematics teacher” is an example for the target group
teacher, whereas the journal “Eurasia Journal of Mathematics, Science, and Technology
Education” primarily addresses researchers. In our analysis, we were able to assign five
(38%) journals primarily to teachers, and eight journals (62%) to researchers. This is shown
in Figure 3b.
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5.1.2. Publication Years and Countries of Authors

When looking at the publication years, it is noticeable that they are not continuous.
There is even a downward trend in Figure 4, although this interpretation should be treated
with caution due to the low number of documents. It is noticeable that no document was
included that was published in 2022, although the data were included up to the middle of
the year (31 May 2022).
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The results regarding geographic distribution show the contributions of researchers
from different countries to research on STEM activities in the classroom. Predominantly,
the first authors were from the same country. There was one document where the authors
were from three different countries. We included them in the table with the factor of one
third. We considered the origin of authors because of the different educational systems and
to identify a research focus.

Table 3 shows the distribution of authors by country and continent. Almost 50% of
authors were from Asia, followed by North America, Europe, and South America. There
were no manuscripts with authors from Australia included.

Table 3. Country of authors.

Continent Country n %

Asia

Malaysia
Hong Kong
Indonesia
Thailand

6.33 45

North America USA 4.33 31
South America 0.33 2

Europa
Spain
Belgium
Turkey

3 21

Australia 0 0

5.1.3. Research Designs

57% (n = 8) of the documents did not provide information about the research design.
The other journals mainly used mixed or multiple methods (n = 3, 21%) in their research
methodology, followed by design-based research/research design (n = 2, 14%) and one
case study. This is shown in the following Figure 5. This illustrates clearly the number of
contributions that did not provide research design information.
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5.1.4. Sample Sizes and Grade Level

The secondary grades were almost all represented except for 6th and 12th grade, with
middle school being particularly prominent. This is shown in the following Figure 6. In
the case of authors’ statements about several grades, we included them individually in
the survey so that, in total, we arrive at a higher number than the number of documents
considered. One unit grade was assigned to each of the grades: 5, 7, 10, and 11. Two
units referred to a ninth grade and three to an eighth grade, which was, thus, the most
frequently present. No explicit unit was indicated for grade 6. Furthermore, there were two
documents that gave no indication regarding grade level. The small number in fifth and
sixth grades is due, in part, to the fact that we excluded elementary schools in our analysis.
It should be noted that in various school systems, elementary school continues up to and
including the sixth grade.
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The sample sizes were widely spread; there was a sample group with sixteen students
at a private school and group sizes of over 400 for data collection. Table 4 lists the distribu-
tion of sample sizes; if no exact sample number was given but the reference size was one
class, we adopted this value exactly, since class sizes vary widely and this could distort the
results, especially for the size 30 classes. Furthermore, there were two documents that did
not specify a sample size.
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Table 4. Sample size.

Sample Size Total %

0–20 2 14.3
21–40 3 21.4
41–60 2 14.3
61–80 2 14.3
81–100 0 0
400≤ 1 7.1
One class 1 7.1
30 classes 1 7.1
No information 2 14.3

As shown in the table, the group sizes are distributed very similarly in the small
intervals until the leap to the larger sample sizes. If we combine the group sizes below 100
and above 100, there are 10 (71%) sample sizes below 100 and 2 (14%) above. This also fits
with our search since we explicitly searched for a classroom situation.

5.2. Results concerning Educational Settings and Approaches

In the analysis of the approaches according to the Hobbs scheme, more than half of
the STEM units were in such a way that one or two subjects were emphasized (n = 7, 57%).
In five documents, the approach was primarily intended as integrated STEM units (n = 5,
36%). There was no unit that integrated one subject into the other three that were taught
separately. In addition, there was an article on each of the other two approaches. The
distribution of applied approaches is shown in Figure 7a.
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The setting of the implementation was arranged so that the units of the articles that
provided information about the implementation were included in the regular classes.

In terms of content, the STEM units were mainly project-based in their design. This is
possibly due to the reference to reality, although a problem-oriented approach would also
be possible here, for example.

5.3. Results concerning the Mathematical Application

In the evaluation, we analyzed the way mathematics was applied and how the appli-
cation of mathematics could be applied by slightly modifying the supplementary materials
or tasks. In doing so, we used Niss and Højgaard’s head categories as skills and activities
as described in Section 2.3.
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The qualitative content analysis was conducted based on Mayring [40]. The descrip-
tion of competencies according to Niss and Højgaard was used as a coding frame [21].
For this purpose, the authors’ descriptions of the competencies were coded as activi-
ties. In addition, the activity was assigned to the top category that had the greater focus.
The classification was carried out using the content descriptions of the authors of the
investigated publications.

The three distinctions, concerning mathematical activities (1) and mathematical activi-
ties from the authors’ point of view (2), as well as the possibilities for small changes (3),
were based on three different perspectives:

For (1), the entire sequence described by the authors was considered, including those
that were assigned to engineering, for example. For (2), only those activities were con-
sidered that were assigned to or with mathematics. For (3), questions and material were
considered where given models or deferred activities, such as a validation, were coded
with the modeling activity.

The results are shown in the Figure 8a below. In six (43%) of the incorporated docu-
ments, the focus of the application of mathematics was on handling the language, constructs,
and tools of mathematics. In contrast, the focus of eight (57%) manuscripts was on posing
and answering questions in and by means of mathematics.
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Figure 8. (a) Application of mathematics; (b) Possible applications for mathematics.

In addition, we analyzed the content and evaluated the extent to which slight changes
in the material and the task could generate further possibilities for the application of
mathematics. The results of the opportunities in the application of mathematics after a
small adjustment of material and tasks are presented in Figure 8b. It is obvious that by this
change, mathematics can be applied with focus on the category “posing and answering
questions in and by means of mathematics” [21] (p. 15). Here, of course, the skills and
abilities of the previous are still involved.

Considering previous research on the role of M in STEM and applied mathematics,
e.g., in the workplace, we divided the role of mathematics into two categories: is mathe-
matics used here as an auxiliary science or as mathematics itself? The assignment of the
auxiliary science was made when students only applied existing knowledge and used
simple procedural applications such as calculations to solve the mathematical problem.
Here, mathematics serves primarily as a tool and is hardly ever questioned or applied
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algorithmically (e.g., [4,13,14]). In 36% (n = 5) of the documents considered, mathematics
was used as an auxiliary science; in 64% (n = 8) of the cases, it was not.

We have contrasted this with the view of authors of the investigated publications
shown in Figure 9b. In distinguishing the necessity of mathematics and the necessity of
mathematics from perspective, we proceeded analogously to the previous categories. In
this perspective, mathematics is more often seen as an auxiliary discipline than used. For
example, one author of the investigated publications attributed only the ability to calculate
the resistance and the application of Ohm’s law to mathematic literacy in the whole unit
shown in column three in Table 5 [39]. The purpose of the article was to develop a sequence
for eighth grade and measure the effect on STEM literacy. Therefore, the authors divided
the developed STEM literacy in the disciplines. Some disciplines are repeatedly presented
because the developed STEM literacies are listed in chronological order.
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According to the authors, the outcome of the intervention showed no improvement in
STEM literacy overall or across disciplines. An exception is the discipline of mathematics.
As a result of this intervention, the mathematical literacy decreased clearly according to
the test results. The author of the included paper reported that the n-gain score, i.e., the
difference between pre- and post-test score of the students was −0.87 [39] (p. 92). This
is a typical example for interventions that failed to improve mathematics achievement.
According to Honey, Pearson, and Schweingruber [8], mathematics only as an auxiliary
discipline can lead to problems in the development of students’ knowledge and skills
in mathematics.



Educ. Sci. 2022, 12, 629 14 of 18

Table 5. Example of reducing mathematics as an auxiliary discipline. “Content summary of STEM
learning worksheets”—column “Developed STEM Literacy” [20] (p. 81).

Developed STEM Literacy

Science

• Students are able to recall how current is affected by resistance and potential difference.

Technology

• Students are able to use Mgames science application on an Android phone.

Mathematics

• Students are able to calculate resistance.
• Students are able to apply Ohm’s law.

Science

• Students are able to recall a resistor, diode, and battery as an electrical component.
• Students are able to recall the principle of series and parallel circuit.

Technology

• Students are able to identify the part of YWRobot.
• Students are able to identify Arduino Uno.

Engineering

• Students are able to construct series and parallel circuits with YWRobot.
• Students are able to use a multimeter appropriately.

Technology

• Students are able to identify the port of Arduino Uno.
• Students are able to identify Arduino software.

Engineering

• Students are able to construct a traffic light circuit by using Arduino Uno.

6. Discussion

This review study systematically investigated the current role of mathematics in STEM
classrooms through analyzing 14 included papers. In the following section, we conclude
with an implication about the role of mathematics from the results of the previous sections
to answer the second research question. We then discuss the results and interpret them in
the context of previous research and point to possible future research directions.

6.1. Conclusion on the Role of Mathematics

We now attempt to use the results of the subordinate questions to answer the second
research question. First, we considered the question of access to STEM implementation.
Here, it became clear that STEM is implemented primarily with the emphasis on one or
two subjects, as shown in Figure 7a. This corresponds to a medium level of integration, as
the subjects are not integrated equally.

In the division of the journal according to the subject focus, journals of the natural
science disciplines were particularly strongly represented, which may have a different
view of mathematics due to their subject background. This possibly leads to the fact that
mathematics as a fully fledged subject is underrepresented.

The evaluation highlights the fact that mathematics is seen primarily as an auxiliary
discipline, as shown in Figure 9b. This is consistent with previous research (e.g., [7]).
Mathematics is often assigned as a purely utilitarian activity and the second part of the
categories of competencies is almost overlooked. Thus, the mathematical concepts and
procedures remain hidden underneath [14].
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Considering mathematics in STEM with a real-world problem, one would expect
modeling activities to be at the center, given Niss and Højgaard’s description of the cat-
egories [21]. Here, the translation from the real situation to the mathematical world has
an important meaning. However, this was not assigned to mathematics but to other disci-
plines in the description of the authors of the included publications. Here, it is particularly
noticeable that modeling activities were often completely attributed to the engineering
discipline. With this view of mathematics, it is reasonable that mathematics might be seen
as less important by teachers, students, and society [4].

Thus, the goal of integrated STEM education with equivalent disciplines has not
been achieved because only small subsets of mathematics are seen. At the same time, the
analysis shows what possibilities could arise for mathematics education if the units were
slightly transformed.

To sum up, our study reveals that the role of mathematics has a low relevance especially
from the authors’ perspective, although the activities are not attributed to mathematics.
Thus, the perception of mathematics as an auxiliary discipline can be passed on to the
students accordingly in this way and it may even be, as in the study by Yasin et al. [39],
that mathematical literacy deteriorates in the intervention in the test result.

6.2. Connection to Related Work

Our results provide an initial indication of the current state of the role of mathematics
in the STEM classroom. The assigned reduced relevance of mathematics in the included
articles is consistent with the results of previous studies [1,7,17].

Our results, concerning parts of our first research question, revealed that less than
half of the reviewed manuscripts provided information about their study design. This is
consistent with the result of the systematic review of STEM education research of Kayan-
Fadlelmula [2]. Methodological issues, for example the lack of comparative and longitudi-
nal approaches, are also reflected in this overview. In particular, the lack of information on
class size or grade level and methodology makes it difficult to reproduce the data.

The application of mathematics, especially in the eyes of science educators, is viewed
as a minor matter and a means to an end. Concerning the theoretical frameworks, math-
ematical activities are mainly assigned to operative work, e.g., calculation of area and
volume, whereas the category “Posing and answering questions in and by means of math-
ematics” [21] (p. 15) is not assigned to mathematics but primarily to the engineers. As
criticized in previous research (e.g., [15]), not much is left to the students to decide what
mathematical information is necessary to solve the problem. Niss and Højgaard emphasize
in their work the importance of referring to the real situation in mathematical modeling,
since in some cases mathematical ideas or expressions are stated or the modelling activity
is assigned to the other disciplines, so that mathematics in the sense of modeling takes
hardly place. This is particularly evident in the comparison of the described application
areas of mathematics and the potential application areas of mathematics in Figure 8.

If mathematics is primarily perceived in a limited way as an operational activity, the
consequence of viewing mathematics as an auxiliary science is also understandable and
can be seen in our results, as shown in Figure 9. A possible implication of this finding is
that changing perceptions, e.g., through awareness and education about the domain of
mathematics activities, could be a possibility to strengthen the role of mathematics.

7. Implication and Limitations

The results of our systematic literature review are limited by several constraints. A
first considerable limitation results from the data basis. Since we did not carry out a hand
search, the databases are limiting, as only documents that were listed in the databases
under our search terms were included. In our inclusion and exclusion criteria, we excluded
articles from books and journals that were not included in Web of Science, ERIC, or Teacher
Reference Center, which could have provided interesting contributions. In addition, papers
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that were excluded included many potentially interesting papers, especially those from the
Spanish/Portuguese or German-speaking countries.

Furthermore, the limitation for mathematical classroom units with respect to evidence-
based reporting in mainstream schools sometimes led to the low number of included
documents and may have biased the results about the role of mathematics in STEM class-
rooms because we did not conduct any on-site research in schools.

Manual screening excluded more articles than it included, because they were related
to extracurricular activities, so the fact that there was no implementation as a project may
be surprising. Nevertheless, it is to be appreciated that STEM is to be integrated into regular
teaching and the inhibitions may be greater to conduct this as a larger project. On a positive
note, the amount of extracurricular engagement and educational opportunities shown in
the STEM field are enabled, although these can only ever address a small portion and
thus do not reflect the role of mathematics in the classroom. However, STEM should not
be promoted primarily in the voluntary out-of-school sector but must be integrated into
classrooms for holistic development. To advance STEM education, more evidence-based
frameworks for regular classes are needed. However, in the analysis, we found many
sequences that were only carried out outside of schools, e.g., in summer camps.

Another limitation is that we only included documents that related to secondary
education. Therefore, our research primarily allows us to make conclusions about the
secondary level. Additionally, there is no clear international distinction between elementary
and lower secondary education, with elementary education covering year 1 to 4 or 1 to 6,
which must be considered.

Clearly, the small number of documents must also be considered, since only these were
used for the evaluation and the number possibly reduces the significance. Nevertheless,
this small number is also an important result of our research, as it reveals a research gap in
this area.

8. Conclusions

In this study concerning the role of mathematics in STEM classrooms, we were able to
identify tentative first indications of M in STEM to consistently integrate M in STEM. As
a conclusion of the systematic literature review, two main points can be elaborated. First,
despite the large amount of data at the beginning of the analysis, we were only able to
include less than one percent—14 documents that provide evidence-based and situational
evidence of the role of mathematics in the STEM classroom. Second, in the eyes of science
educators, mathematics is viewed as a minor matter and a means to an end. Here, mainly
operative work is attributed to mathematics, e.g., calculation of area and volume, and the
problem-solving part is assigned to the other disciplines.

To advance STEM education, more evidence-based frameworks for regular classes are
needed. However, in the analysis, we found many sequences that were only carried out
outside of school, e.g., in summer camps.

As a result, consistent with previous findings (e.g., [18]), we see a need to promote
and fund research projects and develop educational programs and curricula that focus on
STEM integration with equal consideration of the disciplines, especially mathematics.
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