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Abstract: Interdisciplinary teaching in STEM is often seen as a collaboration of different subjects 
teaching a common theme. This view undermines successful interdisciplinary approaches that can 
be deployed in a single class. Two examples of interdisciplinary math lessons, using pie charts and 
bar charts respectively, will be used to demonstrate how this can be realized. The potential for 
deeper integration among the subjects involved will also be analyzed. 

 
 
 
Introduction 
 

There is no doubt, that disciplinary teaching in school resembles reality only to a certain extent. Therefore 
interdisciplinary teaching can be one approach to better offer authentic contexts in school (Stohlmann, Moore & 
Roehrig, 2012). Connecting mathematics with science and technology represents a common basis for 
interdisciplinary teaching. Positive learning outcomes for students after integrated teaching have been found by 
Becker & Park (2011). The Standards for Mathematical Practice and the Framework for K-12 Science Education 
(National Research Council, 2012) have helped to set a focus on promoting STEM teaching in the United States. 
The MACAS group of mainly European researchers in mathematics education has developed theoretical ideas and 
best practices to connect Mathematics to the Arts and Sciences (e.g., Beckmann, Freiman & Michelsen, 2016; Zell, 
2011). Despite the several possibilities to integrate curriculum (e.g. Rennie, Venville & Wallace, 2012), there is a 
tendency to teach STEM as a separate subject or by projects throughout the school year, (e.g. Johnson, Peters-
Burton & Moore, 2016). Following that approach challenges curriculum designers and teachers to find grade-level 
appropriate mathematics for a chosen topic (Walker, 2017). Mathematics might fall short. Walker suggests that a 
mathematics topic should be the start for an integrated STEM unit. But this could mean that other suitable 
interdisciplinary topics using non-grade-level-appropriate mathematics might not be considered.  

Therefore basic forms of STEM teaching within one discipline should also play an important role when 
promoting STEM teaching in school. The design principle of these lessons should be made in such a way that those 
have a potential for more intensive ways of integrated STEM. 

After consideration about organization, rationales and realization of interdisciplinary lessons, two examples 
involving mathematics and biology will be presented to illustrate the value of such approaches. 
 
 
How to Organize Interdisciplinary Lessons 

 
There exist a wide range of views concerning the integration of different disciplines in STEM (e.g., Bybee, 

2010; Czerniak & Johnson, 2014; Weinberg & Sample McMeeking, 2017). Research articles in German and English 
have both featured a tendency to denote each approach to integration with a new name (e.g., Czerniak, Weber, 
Sandmann & Ahern, 1999; Davisson, Miller & Metheny, 1999; Zell, 2010). In some cases, the same name can even 
be used to refer to different ways of teaching. What all of these ways of teaching have in common is that the content 
or methods go beyond one single discipline. An alternative means of distinguishing between the various extents to 
which the subjects are integrated – without using different names – is to look at how interdisciplinary teaching can 
be organized. Five different ways can be identified (Zell, 2010): 

1. Content and methods from another subject are used in one teacher’s own lesson. For example, a 
mathematics teacher could introduce the concept of exponential growth in a mathematics lesson by using 
the phenomenon of radioactive decay. 



2. Common themes of different disciplines are taught in parallel and at the same time (perhaps within the 
space of a few days). For example, radioactive decay could be taught in chemistry and exponential growth 
could be taught in mathematics over the same period of a few days. 

3. Common themes are taught from the perspectives of each subject. In contrast to 2., the cooperation among 
the teachers is more intense in terms of content and organization of lessons. In the case of radioactive 
decay, the mathematics and chemistry teachers would coordinate content and the sequence of lessons in 
advance. Teachers still teach their subject, but schedule changes may have to be implemented for this way 
of teaching. 

4. Interdisciplinary themes are taught in addition to the disciplines. This could be realized by a separate 
subject or separate days in a school year that see every student participating in an interdisciplinary project. 

5. While teaching an interdisciplinary theme the boundaries of disciplines are dissolved. The teachers teach 
common or alternating content and demonstrate the views of the subjects involved. For example, if 
radioactive decay is taught as a whole, this may include certain phases in which one discipline dominates. 
The level of integration, cooperation, and coordination is more intense from one option to the next. Another 

aspect of integration is a focus on the way teachers cooperate (Beckmann, 2009). Four forms of cooperation are 
identified: Topic and Major Subject-Related Form (TM form), Parallel Topic-Related Form (PT form), Parallel 
Planning Form (PP form), and Joint Planning Form (JP form). These forms correspond to the ways of teaching 
identified above, with the fourth and fifth ways of teaching corresponding to the JP form. 

These ways of teaching are equal or very similar to other ones mentioned in literature (e.g., Bybee, 2013; 
Hurley, 2001, Jacobs, 1989; Rennie et al., 2012). But the names mentioned above set a focus on cooperation among 
the teachers involved. They also provide additional information about how teaching is organized, a feature that is 
beyond the scope of terms such as “transdisciplinary.” 

The STEM ROAD MAP identifies three forms of integration (Bryan, Moore, Johnson & Roehrig, 2016): 
“Content integration refers to units and activities that have multiple STEM (and potentially other) 

disciplinary learning objectives; whereas supporting content integration refers to units and activities in which one 
content area is meaningfully covered (e.g. mathematics) in support of the main content’s learning objectives (e.g. 
science). Context integration uses a context from one discipline to situate learning objectives from another 
discipline.” (p.24) 

These examples show how integration is linked to cooperation and the organization of integrated lessons. 
The common STEM approaches, such as a “STEM enhanced” model and an “integrated STEM” model 

(Johnson, 2013), focus on the last three organizational forms of interdisciplinary teaching. Critics of an open 
definition of interdisciplinary teaching do not consider approaches such as the first two listed above to be 
interdisciplinary as they are not fully integrated, (e.g., Beane, 1996), or they consider them to be a first step towards 
a more integrated curriculum (Bybee, 2013). In the framework of integrated STEM education (Johnson et al., 2016), 
the aim of integrated STEM would be to teach common themes in different subjects several times per school year 
and in all grades by means of inquiry- and problem-based learning. Even though all forms of integration should be 
used in class, with particular emphasis on content integration (Bryan et al., 2016), the examples shown deal almost 
exclusively with content integration (Johnson et al., 2016). Considering these examples as the STEM road map for 
enhancing STEM education, this may lead to the assumption that context integration and supporting content 
integration play only a minor role that can easily be overlooked. The following examples of interdisciplinary 
mathematics lessons will show that interdisciplinary teaching can be realized during regular mathematics lessons, 
thereby fulfilling the conditions of useful STEM integration. In addition these lessons can be enhanced in order to 
deepen integration. Such designs are a good starting point for integrated teaching at a low level that offers potential 
for more sophisticated forms of integrated teaching.   

Interdisciplinary approaches in mathematics lessons have to fulfill both mathematical standards and 
rationales for interdisciplinary teaching. Further successful approaches have to be realizable in regular schools 
without a specific STEM program. The following paragraphs will therefore deal with these two aspects. 
 
 
Rationales for Interdisciplinary STEM Teaching 
 

Integrated teaching should enrich the learning of all subjects involved (Beckmann, 2009). This enrichment 
can be achieved by using and integrating content, methods, and ways of thinking. The rationales for interdisciplinary 
STEM teaching are intended to show why the kind of teaching in question offers a deeper understanding of content 
and methods. A review of the literature makes it possible to identify four distinct categories, (cf., Zell, 2010): 



• Holistic learning. Integrated teaching offers more opportunities to see something as a whole than 
disciplinary teaching (e.g., Landolt, Fehlmann, Mueller, Nussbaumer & Tschenett, 1999; Duncker & Popp, 
1998; Koehler, Bloom & Milner, 2016) 

• Problem-based learning. The assumption is that real-world problems are too complex to be solved by one 
discipline and require interdisciplinary approaches (e.g., Labudde, 2003; Bryan et al., 2016). 

• Constructivism. Students construct new knowledge based on their individual preexisting knowledge. The 
interpretation of new knowledge is also based on one’s interest and identification of the content taught. 
Teaching should therefore be undertaken in relevant contexts with close links to the real-life experience of 
students. Integrated learning can offer a better natural learning environment for students than disciplinary 
approaches (e.g., Labudde, 2003; Brooks & Brooks, 1993). 

• Recognizing common structures and boundaries of disciplinary views. Integrated teaching can consciously 
show students the interdependence of different subjects and also the limits if one approaches an issue 
simply within the scope of a single discipline. This includes content, processes and thinking skills (e.g., 
Berlin and White, 1995; Pang & Good, 2000). 

Problem-based learning and constructivist approaches can and must be realized in each lesson of a STEM subject, 
but dealing with an authentic and complex context demands an integrated approach. The strongest argument for 
integrated STEM is the fourth category: recognizing common structures and boundaries of disciplinary views. 
 
 
Realization of Integrated Lessons 
 

Though there is agreement on the importance of integrated STEM education, difficulties and issues relating 
to the implementation of STEM design challenges appear. Teachers willing to teach in an integrated way face three 
kinds of challenge: pedagogical, curricular, and structural (Lesseig, Holmlund, Slavit & Seidel, 2016). The same 
problems have been noted in a study on the realization of integrated lessons involving mathematics in Germany 
(Zell, 2010). In contrast to the U.S. education system, students at lower secondary level are taught in classes and 
teachers sometimes teach more than one subject in one class.  This means that structural issues are not as present as 
in the U.S. However, truly integrated STEM lessons such as those presented in the ROAD MAP (Johnson et al., 
2016), are realized by only a few teachers. Most of these are from small schools and teach more than one subject in 
a class, making them able to cooperate “within themselves.” Many teachers would like to have a deeper cooperation 
with colleagues, but in reality that cooperation happens only occasionally. The most frequently realized form of 
interdisciplinary teaching is the major subject form, which is used in cases where it appears suitable. As in the U.S. 
study, math teachers are concerned that math plays only a minor role. A current study shows how a dense 
curriculum means that math teachers are concerned about giving up lessons in favor of interdisciplinary themes 
(Weinberg & Sample McMeeking, 2017), which confirms the results of the German study (Zell, 2010). Basic forms 
such as the major-subject form therefore represent a good starting point for promoting integrated STEM, showing 
teachers how integrated approaches allow a deeper understanding of mathematical content and procedures while 
also enriching knowledge of the other subject involved (in a minor way). This enables mathematics teachers to 
experience how it is worth giving up their familiar mathematics lesson in favor of an integrated approach. This 
approach appears to provide a good basis for creating integrated STEM units, since it starts with a mathematics topic 
(Walker, 2017). The following interdisciplinary examples fulfill the specific curricular standards. These are real 
alternatives to traditional lessons and may be extended to include more integrated designs. 
 
 
Pie Charts & Nutrition 
 

Both examples deal with the integration of biology into a mathematics lesson. The first relates to the 
introduction of pie charts by means of a nutrition circle. This lesson was created within the international research 
project ScienceMath involving universities and schools from Denmark, Finland, Germany, and Slovenia 
(ScienceMath, 2009).  
In preparation of this lesson, students have to do a homework task that requires them to weigh all the food they eat 
during one day and write their data down in a given table. At the beginning of the lesson, the teacher shows the 
official nutrition circle of the German Nutrition Society (DGE) and starts a talk about healthy nutrition. The students 
then have to check if their eating habits fulfill the requirements of the German Nutrition Society and create their own 
nutrition circle. In this way, each student works out his own pie chart and deals with the problem of how to convert 



the data into angular measures. At the end of the lesson, different pie charts are presented and compared in relation 
to the official nutrition circle. In the following lesson, the students work in groups and have to come up with a 
perfect nutrition plan. Whereas the first lesson requires them to transfer data from a table to a pie chart the second 
lesson involves them doing it again – and vice versa – by dealing with healthy nutrition. In the discussion that is 
held afterwards, it can be shown that pie charts can only show relative quantities. This demonstrates that even 
students fulfilling the conditions of the nutrition circle may have unhealthy eating habits because they are eating too 
much. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Nutrition Circle of the German Nutrition Society 
 
All major mathematical goals concerning pie charts can be reached. Students are able to create a pie chart 

out of a table. They are able to create a possible situation which fits to a given pie chart and they are able to identify 
the limits of using pie charts, since they are only practical for relative quantities. At the same time, the students have 
an intensive discussion about healthy food and are made to reflect on their own eating habits. This ensures that both 
subjects, mathematics and biology, profit from these two lessons. Students can connect their mathematical 
knowledge to an authentic situation.  These two lessons fulfill the common core standards “Geometric measurement: 
understand concepts of angle and measure angles.” (CCSS.Math.Content.4.MD.C.5) and 
CCSS.Math.Content.4.NF.B.3 “Understand a fraction a/b with a > 1 as a sum of fractions 1/b”, in this case 1/360 
(Common Core State Standards Initiative, 2010). It is an example how nutrition education can be successfully 
integrated in a mathematics lesson. 

The nutrition circle can be a point of reference when using pie charts, i.e. students can connect 
mathematical content and its properties to a real-life context. This increases the chances that knowledge about pie 
charts will not be quickly forgotten. In terms of the rationales of interdisciplinary teaching, three out of four can be 
addressed: it includes a constructivist and holistic approach to nutrition that consciously uses mathematics. Math is 
not reduced as a tool. Students see the common structure of pie charts in different contexts. Further pie charts are not 
merely interpreted, as is mostly the case in other subjects. In addition, this example has the potential to be an even 
more integrated lesson. It could be expanded to a parallel planning form with biology so as to provide deeper insight 
into healthy food and healthy eating habits. 
 
 
Bar Charts & Cold- and Warm-blooded Animals 
 

Bar charts are another example of how to integrate mathematics and biology. In biology lessons, students 
are expected to read and interpret bar charts in their biology books as they have learned this skill in mathematics. 
This means that no active involvement of mathematics in biology class might show up. The following lesson takes 



the reverse approach, using content from biology to improve existing mathematical knowledge and to introduce new 
competencies. German students in 5th grade have to learn bar charts in mathematics and find out about animals 
living in the country in biology class. Therefore a common content, bar-charts, is the start of an interdisciplinary 
approach. 

Cold-blooded animals have suspended animation during wintertime while warm-blood animals hibernate or 
stay animated throughout the entire year. By looking at a bar chart showing the body temperature or the heart 
frequency in different seasons, one can determine if an animal is cold-blooded or warm-blooded. That makes it 
possible for this biological content to be integrated into a mathematics lesson dealing with bar charts. At the 
beginning of the math lesson, students are provided with a short text giving information about warm- and cold-
blooded animals. On the basis of this information, the students decide which animals could be depicted by two given 
bar charts showing a body temperature. They must then read out the data and enter it into a table.  

In the next task, the students are provided with two data sets (external temperature and body temperature) 
and tasked with completing a bar chart. In the final task, bar charts for different animals and tables are provided. On 
this occasion, the data is heart beat per minute and external temperature. Students have to identify the corresponding 
animals and explain their decision. Since four bar charts and five tables have been provided, the students then have 
to create the missing bar chart. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Introduction tasks 



Considering the structure of each task, this fulfills the mathematical goals in relation to bar charts as 
students have to switch from chart to table and vice versa on various occasions. They also have to create bar charts 
by themselves involving two different kinds of data in each case. At the same time, however, they learn about the 
characteristics of cold-blooded and warm-blooded animals and are able to name examples of each kind. That lesson 
fulfills a mathematical common core state standard (CCSS.Math.Content.3.MD.B.3) and a disciplinary core idea of 
life science (LS1.C) in examining, how organisms obtain and use the matter and energy they need to live and grow 
(National Research Council, 2012). Therefore both subjects benefit from each other. Depending on the teacher, the 
discussion relating to the biological content can be intensified.  

As with the nutrition-based example, this lesson offers potential for more integrated lesson types by 
extending content from biology or collaboration with a biology teacher. But even if this lesson is taught only in 
mathematics, it consciously demonstrates how mathematics is of use in other disciplines by way of using common 
structures that show the characteristics of a group (in this case, animals). It offers an authentic learning environment, 
helping students to learn the characteristics of homoeothermic and cold-blooded animals.  

When planning this lesson, however, the emphasis was on learning mathematics in a meaningful way. 
 
 
Conclusion 
 

These two examples have been successfully tested in a school environment and demonstrate realizable 
integrated lessons involving mathematics and biology. While teaching these lessons students’ activity was at a high 
level. Both examples consciously use mathematics in an interdisciplinary context and are meaningful for students. 
Mathematics is not reduced to a tool for use in other subjects. Such forms of interdisciplinary teaching are the most 
realizable ones in school (Zell, 2010). Presenting these lessons on teacher trainings confirms the following: since the 
major focus is on achieving the mathematical standards using the content of biology, mathematics teachers are more 
likely to test these kinds of lessons and get in touch with integrated teaching. This is an approach that can reduce 
concerns of a focus on mathematics having only superficial connections to science (Lesseig et al., 2016). The use of 
context integration led to the design of both lessons. Since content and collaboration can be increased without 
changing the basic structure of these lessons, they are a good starting point in supporting content integration and can 
be the basis for a deeper cooperation among the teachers. 

Therefore the structure of both examples can serve as the foundation for more intensive forms of 
interdisciplinary teaching, such as the “integrated STEM” model (Johnson et al., 2016). Consequently these basic 
forms of integrated STEM, with potential for enhancement to more intensive forms, must play an important role in 
promoting STEM teaching. 
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