
© International Baccalaureate Organization 2016
International Baccalaureate® | Baccalauréat International® | Bachillerato Internacional®

Connecting IB to the NGSS 
 

The Dual Implementation of 
International Baccalaureate and the Next Generation Science Standards:

Challenges and Opportunities

Dr Sudha Govindswamy Sunder





Connecting IB to the NGSS 
 

The Dual Implementation of 
International Baccalaureate and the Next Generation Science Standards:

Challenges and Opportunities

Dr Sudha Govindswamy Sunder



Published November 2016
Published on behalf of the International Baccalaureate Organization, a not-for-profit 
educational foundation of 15 Route des Morillons, 1218 Le Grand-Saconnex, Geneva, 

Switzerland by the

International Baccalaureate Organization (UK) Ltd
Peterson House, Malthouse Avenue, Cardiff Gate

Cardiff, Wales CF23 8GL
United Kingdom

Phone: +44 29 2054 7777
Fax: +44 29 2054 7778

Website: www.ibo.org

© International Baccalaureate Organization 2016

The International Baccalaureate Organization (known as the IB) offers four high-quality 
and challenging educational programmes for a worldwide community of schools, aiming 
to create a better, more peaceful world. This publication is one of a range of materials 
produced to support these programmes.

The IB may use a variety of sources in its work and checks information to verify accuracy 
and authenticity, particularly when using community-based knowledge sources such as 
Wikipedia. The IB respects the principles of intellectual property and makes strenuous 
efforts to identify and obtain permission before publication from rights holders of all 
copyright material used. The IB is grateful for permissions received for material used 
in this publication and will be pleased to correct any errors or omissions at the earliest 
opportunity.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system, or transmitted, in any form or by any means, without the prior written permission 
of the IB, or as expressly permitted by law or by the IB’s own rules and policy. See  
http://www.ibo.org/copyright.

IB merchandise and publications can be purchased through the IB store at  
http://store.ibo.org. General ordering queries should be directed to the Sales and 
Marketing Department.

Phone: +44 29 2054 7746
Fax: +44 29 2054 7779
Email: sales@ibo.org

Connecting IB to the NGSS

International Baccalaureate, Baccalauréat International and Bachillerato Internacional 
are registered trademarks of the International Baccalaureate Organization.



Table of contents

Objective....................................................................... 2
Road map...................................................................... 3
Introduction—NGSS overview.............................. 4

Thinking through the three- 
dimensional learning in the NGSS.................. 6
Integration of science and  
engineering............................................................ 9

Overview—IB .............................................................. 10
Sustained inquiry.................................................. 11
Concepts and conceptual  
understanding....................................................... 11
The IB learner profile........................................... 12
Approaches to learning (ATL)........................... 13
Programme-specific sections— 
congruence and challenges............................. 13
Primary Years Programme................................. 13
PYP and the NGSS—correlation and  
congruence............................................................. 15
PYP and the scientific and engineering  
practices (SEP) of the NGSS............................... 16
Middle Years Programme................................... 18
MYP and the NGSS—correlation and  
congruence............................................................. 19
MYP and the scientific and engineering prac-
tices (SEP) of the NGSS........................................ 20
Diploma Programme........................................... 22
Correlation and congruence through  
mutually supportive goals ............................... 22

DP and the scientific and engineering  
practices (SEP) of the NGSS.................................... 27

Scientific and engineering practices in  
high school ............................................................ 27
General overlap between scientific and  
engineering practices of the NGSS and  
DP aims .................................................................... 27
Science and engineering practices—  
asking questions and defining problems.... 28
Crosscutting concepts in the DP..................... 28
Patterns ................................................................... 28
Cause and effect .................................................. 29
Systems and system models ............................ 29

Scale, proportion, and quantity ..................... 29
Energy and matter .............................................. 29
Structure and function ...................................... 30
Disciplinary core ideas—overlap in  
the DP....................................................................... 30

Assessments in the IB and performance  
expectations in the NGSS ....................................... 33

Assessment in the PYP and the NGSS........... 35
Assessment in the MYP and NGSS.................. 36
Assessment in the DP and NGSS .................... 39
Developing and using models ........................ 41
Planning and carrying out  
investigations ........................................................ 41
Analysing and interpreting data .................... 42
Using mathematics and  
computational thinking .................................... 42
Constructing explanations and designing  
solutions.................................................................. 43
Engaging in argument from evidence.......... 43
Obtaining, evaluating and  
communicating information ........................... 44
Group 4 aims and assessment  
objectives ............................................................... 44
IB assessment incorporating  
the NGSS.................................................................. 46

Professional development...................................... 48
Conclusion.................................................................... 50
References..................................................................... 53
List of figures................................................................ 56
List of appendices...................................................... 57

Appendix 1.............................................................. 58
Appendix 2.............................................................. 60
Appendix 3 ............................................................. 61
Appendix 4.............................................................. 62
Appendix 5.............................................................. 63
Appendix 6.............................................................. 65
Appendix 7.............................................................. 66
Appendix 8:............................................................. 76

Connecting IB to the NGSS 1



Objective

The objective of this relationship study report is to 
highlight the opportunities and the challenges associ-
ated with implementing the Next Generation Science 
Standards (NGSS) in the International Baccalaureate 
(IB) programmes in IB World Schools (a process to be 
referred to as “the dual implementation” in this report). 

Although the goals of the IB programmes and the 
NGSS are complementary, the NGSS have set new 
priorities for science education in IB World Schools 
in the United States that are affected by the dual im-
plementation. Educators in these schools are being 
called upon to ensure that their students are prepared 
to demonstrate proficiency in the NGSS performance 
indicators, while achieving the goals of the IB. 

This document, produced through collaboration be-
tween the IB, Achieve and several K–12 classroom edu-
cators in IB World Schools, seeks to help teachers and 
administrators to: 

•	 determine ways (both broad and specific) in 
which the NGSS and IB programmes can inter-
act successfully by identifying related features 
between the two

•	 identify potential pathways to support the suc-
cessful interaction between the IB and NGSS 
throughout K–12

•	 evaluate opportunities to add depth and rigour 
to science teaching in classrooms and identify 
possible gaps or shortcomings that pose consid-
erable challenges during dual implementation

•	 provide evidence-based information to support 
classroom teachers and administrators in their 
decision-making process in curriculum planning 
as well as teaching and learning. 

It is important to note that both the IB and NGSS place 
value on the professional judgment and expertise of 
teachers. This implementation will be successful and 
enriching because of the potential of each school, 
working within the perspective of the state in which 
it operates. 

The report highlights the similarities between the val-
ue systems of the IB and NGSS through some sample 
one-to-one mappings. The purpose of doing so is to 
suggest some effective pathways for engaging in the 
dual implementation. Providing further one-to-one 
mappings of the components of the IB and the NGSS 
should be approached with caution, ensuring that this 
does not result in disempowering teachers who can 
be creative in exploring the numerous pathways for 
bringing about the dual implementation effectively. 
It is not possible to enjoy, experience, and reap the 
true benefits of “three-dimensional learning” (NRC, 
2012) through a one-dimensional “one-size-fits-all” ap-
proach. 

It is also pertinent to note that the IB operates in a  
wider international context, having to meet the needs 
of multiple national systems. It needs to be recog-
nized therefore that building a relationship study re-
port between the IB and the NGSS cannot be through 
a comparative analysis as the end goals of the IB and 
the NGSS are different as are the products themselves. 

Target audience: The target audience for this re-
port is IB teachers in all IB programmes (Primary Years 
Programme (PYP), Middle Years Programme (MYP) and 
Diploma Programme (DP)), who are responsible for the 
implementation of the NGSS. Implementing the NGSS 
with intellectual rigour and consistency within the IB 
calls for a “systems thinking” (Fullan, 2005) approach 
to curriculum design principles, classroom practices 
and assessment through the effective integration of 
science, technology, mathematics, English language 
arts and the social sciences. For this reason, the target 
audience for this report is not only science teachers. 
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Road map

The report begins by introducing readers to some of 
the congruities between the philosophies and prac- 
tices of the IB and the NGSS. An in-depth exploration 
of each of the IB programmes within the context of 
the NGSS is then conducted. Focusing on the Scientific 
and Engineering Practices (SEP) of the NGSS and the 
Engineering, Design and Technology component 
of the NGSS, the report highlights the challenges IB 
World Schools encounter when engaging in the dual 
implementation, particularly how this component of 
the NGSS impacts each of the IB programmes. As the 
NGSS are student performance expectations, the re-
port analyses the implications of assessment within 
each of the IB programmes when implementing the 
NGSS. The need for teacher professional development 
is then highlighted. Useful resources such as unit plan-
ning tools that support teachers in both the planned 
and the taught curriculum are identified at the end of 
the report. 

A quick note on the structure of the report: 
The structure for this report required considerable 
thought, particularly in terms of how best to help 
teachers using this report through the IB continuum, 
that is, the progression from PYP to MYP to DP. Initially, 
the plan was to structure it sequentially through the 
IB programmes. However, upon deeper consideration 
(and many drafts that attempted to incorporate this 
structure), it became evident that such an approach 
would not be ideal for two reasons. First, as we know, 
NGSS are arranged in grade bands (K–2; grades 3–5 
(PYP); 6–8 (MYP) and 9–12 (DP)). This would mean that 
a particular scientific concept taught in grade 4 or 5 
(PYP), for instance, would need to be revisited and built 
upon in grades 6–8 (MYP) and again with growing 
complexity in the DP. The notion of the “spiral” in the 
curriculum, “a curriculum as it develops should revisit 
this basic idea repeatedly, building upon them until 
the student has grasped the full formal apparatus that 
goes with them” (Bruner, 1960, p 13), requires teachers 
engaged in the dual implementation to have a ho-
listic understanding and a bird’s eye view to develop 
the three-dimensional breadth and rigour required by 
the NGSS. The current practice of teachers working in 

isolation within their particular IB programmes will no 
longer serve this purpose. 

To a large extent, curriculum design principles of 
“backwards by design” (Wiggins and McTighe, 2004) 
and a “systems thinking approach” (Fullan, 2005) be-
come the quintessential requirements of curriculum 
planning in schools engaged in the dual implementa-
tion. Hence, even though a particular section of the 
report may be of more relevance and significance to 
teachers in the DP, the essence of the relationship (be-
tween the IB and the NGSS) and how this affects the 
PYP and the MYP will not only be valuable for teachers 
across the continuum, but also for them to derive a 
holistic understanding and approach to curriculum 
and instruction. 

Limitations: As the report focuses particularly on the 
dual implementation within the IB programmes, it 
draws extensively on IB documents and programme-
specific publications throughout. It is highly recom-
mended that this report be used in conjunction with 
these IB documents for precision and clarity in inter-
pretation.

The “Assessment” section of this report draws much 
of its information from the publication Developing 
Assessments for the Next Generation Science Standards 
(NRC, 2014) published by the National Academies 
Press. Some of the recommendations and conclusions 
from this book have been highlighted in the report 
to provide connections and identify challenges when 
incorporating the NGSS within the IB. This does not 
indicate that some recommendations and conclusions 
of the study are more important than others. For this 
reason, it is highly recommended that this report be 
used in conjunction with the other publications and 
resources that have been identified in the references 
and resources sections at the end of this report. It is 
also important for IB educators engaging in the dual 
implementation to read this report with the key phi-
losophies of the IB in mind: the IB learner profile and 
approaches to learning and teaching.
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Introduction—NGSS overview

Implementing the NGSS framework demands a prag-
matic reconsideration of science education, an ap-
proach that aims to make science education closely 
resemble the way scientists actually work and think 
(NRC, 2012). Keeping in mind that the IB is a curricu-
lar framework and the NGSS provide performance ex-
pectations, teachers engaged in the dual implemen-
tation will benefit from seeing the NGSS as bringing 
them one step closer (a much-needed step) towards 
realizing the IB’s vision through measurable student 
outcomes. At the onset of this relationship study re-
port, it is pertinent to mention that facilitating deep 
conceptual engagement through an inquiry-based 
approach to scientific investigation is the key connec-
tion between the IB philosophy and the NGSS perfor-
mance indicators. This is brought about by the way 
that the NGSS structure science learning around three 
dimensions:

•	 Dimension 1—scientific and engineering prac-
tices

•	 Dimension 2—crosscutting concepts, that is, 
those applicable across science disciplines

•	 Dimension 3—core ideas in the science discip- 
lines and between science, engineering and 
technology

In contrast to traditional science standards that posit 
factual knowledge as the end goal of science educa-
tion, the NGSS refocuses the goals of science educa-
tion on student engagement with scientific phenom- 
ena through the active development of the knowl-
edge and skills necessary to apply their understanding 
to what they experience in the real world. 

The NRC framework defines these goals.

Science and engineering practices (SEPs) are: 

a)	 the major practices that scientists employ as they 
investigate and build models and theories about 
the world

b)	 a key set of engineering practices that engineers 
use as they design and build systems. 

Crosscutting concepts (CCCs) have application 
across all domains of science. As such, they provide 
one way of linking across the domains in dimension 3. 

Disciplinary core ideas (DCIs) build coherently 
across multiple years.

The NRC further highlights that each of these dimen-
sions needs to be interwoven in every aspect of sci-
ence education: curriculum, instruction and assess-
ment. Performance expectations mapped out with 
their respective crosscutting concepts are available in 
Appendix G of the NGSS.

“The framework emphasizes that science and en-
gineering education should support the integra-
tion of disciplinary core ideas and crosscutting 
concepts with the practices needed to engage 
in scientific inquiry and engineering design. In 
this report, we refer to this integration of content 
knowledge, crosscutting concepts, and practices 
as “three-dimensional science learning”, or more 
simply “three-dimensional learning”. That is, dur-
ing instruction, students’ engagement in the prac-
tices should always occur in the context of a core 
idea and, when possible, should also connect to 
crosscutting concepts.” (NRC, 2014, p 31)

However, meeting the framework’s vision for K–12 sci-
ence education, demands significant change in most 
science classrooms as identified in Figure 1.
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iiiCommon Core State Standards for mathematics

It is pertinent to note that each performance expecta-
tion (PE) in the NGSS represents an integrated, three-
dimensional student performance that is to be ap-
plied in authentic learning contexts. Since the NGSS 
describe science standards as student performance 
expectations, it is expected that classroom learning 
experiences will also reflect a three-dimensional ap-
proach to learning and assessment. In other words, 
students should learn by actively engaging in all three 

dimensions, to explain scientific phenomena and de-
sign solutions to problems so that their learning expe-
riences provide them with the necessary opportun- 
ity to demonstrate proficiency of the performance ex-
pectations. 

The National Research Council (NRC) articulates six 
goals that students should be able to achieve by grade 
12 (Appendix F of the NGSS).

THE FRAMEWORK’S VISION FOR K–12 SCIENCE EDUCATION

There are four key elements of the framework’s vision for science education that will likely require signifi-
cant change in most science classrooms: 

•	 a focus on developing students’ understanding of a limited set of core ideas in the disciplines and a 
set of crosscutting concepts that connect them; 

•	 an emphasis on how these core ideas develop over time as students’ progress through the K–12 
system and how students make connections among ideas from different disciplines; 

•	 a definition of learning as engagement in the science and engineering practices to develop, investi-
gate, and use scientific knowledge; and 

•	 an assertion that science and engineering learning for all students will entail providing the requi-
site resources and more inclusive and motivating approaches to instruction and assessment, with 
specific attention to the needs of disadvantaged students. 

Figure 1: The NRC framework’s vision for K–12 science education—National Academies Press (2014, Pp 25–26)

By grade 12, students should be able to:

•	 Ask questions about the natural and human-built worlds—for example: Why are there seasons? What 
do bees do? Why did that structure collapse? How is electric power generated?

•	 Distinguish a scientific question (e.g. Why do helium balloons rise?) from a nonscientific question 
(Which of these colored balloons is the prettiest?)

•	 Formulate and refine questions that can be answered empirically in a science classroom and use 
them to design an inquiry or construct a pragmatic solution.

•	 Ask probing questions that seek to identify the premises of an argument, request further elaboration, 
refine a research question or engineering problem, or challenge the interpretation of a data set—for 
example: How do you know? What evidence supports that argument?

•	 Note features, patterns, or contradictions in observations and ask questions about them.

•	 For engineering, ask questions about the need or desire to be met in order to define constraints and 
specifications for a solution.

Figure 2: Six goals (National Academies Press 2012). A Framework for K–12 Science Education:  
Practices, Crosscutting Concepts, and Core Ideas, p 55)
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In order to realize these six goals, the NRC considers 
the following eight practices to be essential elements 
of the K–12 science and engineering curriculum.

 
As pointed out by the NRC:

“The framework and subsequent standards will 
not lead to improvements in K–12 science educa-
tion unless the other components of the system—
curriculum, instruction, professional development, 
and assessment—change so that they are aligned 
with the framework’s vision.” (NRC, 2012, p 17)

The performance expectations of the NGSS focus 
on understanding and application as opposed to 
memorization of facts devoid of context, which is 
also emphasized in the IB (Peterson, 1972). The NGSS 
framework goes on to emphasize that: 

“... learning about science and engineering in-
volves integration of the knowledge of scientific 
explanations (i.e. content knowledge) and the 
practices needed to engage in scientific inquiry 
and engineering design. Thus the framework seeks 
to illustrate how knowledge and practice must be 

intertwined in designing learning experiences in 
K–12 science education”. (Appendix A of the NGSS, 
p 15)

Thinking through the three-
dimensional learning in the 
NGSS
The most fundamental shift from traditional science 
education to the NGSS is a shift in the goals of sci-
ence education: from content knowledge (facts) alone 
to the application of knowledge and skills to explain 
phenomena in the world, and designing solutions to 
real-world problems. Thus, the NGSS set forth goals 
for deep understanding and application of science by 
explicitly asking students to use three different but 
equally important dimensions to explain phenomena 
or design solutions in every performance expectation: 

•	 disciplinary core ideas 

•	 science and engineering practices 

•	 crosscutting concepts. 

Take photosynthesis as an example. A student would 
likely be successful in a traditional science classroom 
if they could:

	 a) define photosynthesis

	 b) list the necessary steps, including products 
and reactants. 

In an NGSS-aligned classroom, knowing these facts is 
only part of what students need to be able to demon-
strate. In order to demonstrate proficiency in a perform- 
ance indicator students will need to be able to apply 
this information in context, for example, for a specific 
phenomenon involving photosynthesis: 

•	 How does energy flow through the system, and 
how does the transformation of energy from one 
form to another occur? 

•	 How does the interdependence of the relevant 
parts of the plant (as a system) support the pro-
cess?

•	 What would happen to the stored chemical 
energy if certain factors in the environment were 
altered? 

1. Asking questions (for science) and defining 
problems (for engineering).

2. Developing and using models.

3. Planning and carrying out investigations.

4. Analyzing and interpreting data.

5. Using mathematics and computational think-
ing.

6. Constructing explanations (for science) and de-
signing solutions (for engineering).

7. Engaging in argument from evidence.

8. Obtaining, evaluating, and communicating 

Figure 3: Eight practices (National Academies Press, 
2012, p 42) (NGSS Appendix F, p 1)
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•	 What are the relationships between stored 
chemical energy in molecules within cells and the 
energy plants and animals need on a macroscopic 
scale for growth, repair and behaviour?  

•	 How is this relevant to real-world phenomena, like 
agriculture or ecosystem health? 

Such an approach is in stark contrast to traditional sci-
ence instruction, which often includes decontextual-
ized and unauthentic mimicry of “real science” (for ex-
ample, memorization of the linear scientific method 
and “doing science” as opposed to viewing science 
learning as an exploratory process of trial and error). 
Implicit connections within and across science dis-
ciplines that were never made explicit to students 
(therefore assuming that all students could actu-
ally apply those connections) are now being explic-
itly addressed within each of the dimensions. (For ex- 
ample, using an understanding of energy f lows 
through physical science systems to inform energy 
flows in life science systems; observing differences 
in patterns at different scales, and using this to think 
through how phenomena at one scale may impact 
phenomena at other scales within a system). 

To think through what three-dimensional learning 
looks like, and to facilitate strategies for incorporating 
it into classroom learning experiences, consider what 
students’ learning would miss out on if any one of the 
three dimensions were left out. 

Without the science and engineering  
practices what might it look like? 

This performance indicator would ask students to 
“describe the function of a cell as a whole and ways 
parts of cells contribute to the function”. What would 
this look like? It is likely that without modelling, it may 
manifest as a list or a picture detailing the parts of a 
cell and what they do, whereas modelling would help 
students to:

•	 identify the relevant elements or components of 
the system, making sense of the specific phe-
nomenon they are dealing with 

•	 explicitly organize the relevant evidence, includ-
ing scientific information, that connects those 
components to the phenomenon 

•	 explicitly organize scientific reasoning (both logic 
as well as the application of scientific theories 
and laws) that connects the evidence, and allows 
mechanisms to be described and predictions to 
be made. 

In this example, if the practice (including both the 
knowledge and skill associated with it) were not being 
used in conjunction with the other dimensions stu-
dents would not have access to a model that enables 
them to make connections between evidence, reason-
ing and the phenomenon at hand. It would also be 
difficult to think through these scientific ideas holistic- 
ally instead of as discrete facts to remember.

Connecting IB to the NGSS 7



Without the crosscutting concepts what 
might this example look like?

Without explicit reference to the crosscutting con-
cepts, the performance expectations would no longer 
require students to analyse parts of a system (here the 
functions of structures that make up a cell) to describe 
the overall function of the cell as a part of a bigger sys-
tem. Without using the understanding that systems 
are made up of parts whose functions independently 
and together give rise to the function of the system 
as a whole; this performance expectation would like-
ly manifest as a physical representation or drawing 
of different structures within a cell, with descriptions 
of their individual functions, perhaps in the context 
of the cell (for example, mitochondria generate the  
energy for the cell; the cell membrane controls what 
enters and leaves the cell). This particular element of 
the crosscutting concept may help students to:

•	 recognize that systems can be broken down and 
visualized in smaller pieces

•	 recognize that the functions of those small 
pieces, individually and collectively, contribute to 
the overall function of the system

•	 make observations about what evidence of cell 
death is present, think about how different struc-
tures of the cell may be contributing, consider 
what we might expect to see if one structure 
was contributing primarily, how those internal 
structures depend on one another to be fully 

functional, and therefore how the parts of the cell 
are contributing to the phenomenon. By under-
standing individual functions and interactions 
between parts of a system, the overall function 
can be analysed, understood, and predicted (for 
example, if the cell is dying). 

Without the crosscutting concept, students are miss-
ing the link to the “big idea”, both in terms of scientific 
phenomena, as well as how a cell’s overall function is 
related to the function of the components that make 
up a cell, much like what you might see in ecosystems 
and weather systems. 

Without the disciplinary core idea what 
might this look like?

This may be difficult to visualize given the perform- 
ance expectation, but would be similar to asking 
students to develop a model or describe “systems” 
without any kind of meaningful anchoring context 
on which to build deep conceptual understanding, 
which in turn would be less useful as a tool to make 
sense of the world. Science learning gets reduced to 
rote memorization experienced in a vacuum. 

Using the three equally important dimensions together  
leads students to emphasize evidence, reasoning and 
making meaningful connections between content 
and scientific phenomena. This allows students to de-
velop and use meaningful, authentic and flexible sci-
ence skills and knowledge to be applied across many 

Figure 4: Developing a model. Available at http://www.nextgenscience.org
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familiar and novel situations and to more critically con-
sume and utilize science ideas in their daily lives. Since 
the performance expectations demand proficiency in 
three-dimensional learning, instruction and daily class-
room experiences must also reflect three-dimensional 
learning; it is unreasonable to expect that students can 
be taught each of the dimensions in isolation and still 
be able to make the connections and demonstrate 
understanding when assessed. 

It is pertinent to note that in the classroom, many prac-
tices and crosscutting concepts may be used to help 
students reach deep conceptual understanding. Parts 
of different disciplinary core ideas may come together 
in lessons and units to address a specific phenome-
non or problem at hand. Lessons building towards the 
performance expectation given as an example could 
include argumentation, obtaining and evaluating in-
formation, analysing data, making connections with 
related concepts of scale and proportion or cause and 
effect, observing chemical reactions and atomic re- 
arrangement, energy flows through systems, and 
many other combinations of dimensions, practices 
and disciplinary core ideas depending on the specific 
approach. 

Integration of science and  
engineering 
The NGSS aim to make the connections between sci-
ence and engineering explicit for students to facilitate 
their ability to be innovative critical thinkers when de-
fining problems and when having to design solutions 
to problems, while still expecting them to demon-
strate some key competencies specific to engineering 
(for example, iteration to optimize a design). Engaging 
in the engineering process gives students experience 
of defining problems, as well as of defining, testing, 
revising, and optimizing solutions. 

The NGSS intend for engineering to be experienced 
in the context of science, with science informing the 
definition of problems and the design of solutions, 
and the design process helping to deepen students’ 
understanding of science. Moreover, explicitly inte-
grating engineering into science may provide add- 
itional access points for students. For example, some 
students may engage more in problem-solving (en-
gineering) scenarios than in those that seek to explain 
phenomena in the natural world. By providing oppor-
tunities for both types of experiences, students gain 

important critical thinking and problem-solving skills 
in the context of their science education, as well as ex-
posure to rich engineering experiences. The emphasis 
of learning and teaching in the IB (and its assessments) 
on authentic, real-world tasks brought about through 
interdisciplinary study with product and digital design 
is closely aligned to the NGSS goals, which is further 
substantiated through the IB’s emphasis on develop-
ing critical thinking and problem-solving capabilities 
among students through a scientific world view. 

The vision of the NRC framework of actively engag-
ing students in science and engineering practices 
through the application of crosscutting concepts to 
deepen understanding in each of the field’s discipli-
nary core ideas very clearly and deeply resonates with 
the philosophy of the IB. Working on the principle of 
backwards by design (Wiggins and McTighe, 2004), IB 
World Schools that are in the process of integrating 
the NGSS can quickly see the overarching synergy be-
tween the philosophies and practices of the IB and the 
NGSS.
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Overview—IB 

Alec Peterson (the first Director General of the IB 
appointed in 1987) envisioned a curriculum that 
moved learning beyond “watertight compartments”, 
a curriculum that arose from a desire for “teaching of 
minds well informed rather than minds well stuffed” 
(Peterson, 1987, pp 47–48). According to Peterson 
(1987, p 47), “what matters is not the regurgitated in-
terpretations of facts but the development of powers 
of the mind or ways of thinking that can be applied to 
new situations”. Peterson (1987, p 48) draws on Bruner 
(1960) in clarifying that: 

“Teaching specific subjects without making clear 
their context in the broad fundamental structure 
of a field of knowledge is uneconomical in several 
deep senses ... the knowledge one has acquired 
without sufficient understanding to tie it together 
is likely to be forgotten”. 

In this sense, teaching and learning in the IB celebrates 
the many ways people work together to construct 
meaning and make sense of the world. Through the 
interplay of asking, doing and thinking, this construct- 
ivist approach leads towards collaborative classrooms. 
An IB education empowers young people for a life-
time of learning: independently and in collaboration 
with others. It prepares a community of learners to en-
gage with global challenges through inquiry, action 
and reflection (IBO, 2013, p 4).

All IB programmes share common beliefs and values 
about teaching and learning science (IBO, 2014b).

•	 International dimension: Students develop an 
appreciation that science requires open-mind-
edness and freedom of thought transcending 
gender, political, cultural, linguistic, national and 
religious boundaries.

•	 Aesthetic dimension: Students engage with the 
complexities, intricacies and beauty of science, 
which arouses their curiosity and heightens their 
learning.

•	 Ethical dimension: Students reflect on the 
ethical, social, economic, political, cultural and en-
vironmental implications of using science to solve 
specific problems. Students develop a personal, 
ethical stance on science-related issues.

•	 Learning through investigation: Students con-
struct meaning by designing, conducting and re-
flecting on scientific investigations. The scientific 
process, which encourages hands-on experience, 
inquiry, and critical thinking, enables students to 
make informed and responsible decisions, not 
only in science but also in other areas of life.

•	 Collaboration: Students are provided opportuni-
ties to work individually and with their peers to 
learn about science within and beyond the class-
room. They develop safe and responsible working 
habits in practical science.

In terms of curriculum and instruction, moving be-
yond the regurgitation of content knowledge to fa-
cilitate deep conceptual learning fostered through 
inquiry-based methodologies is the underpinning 
philosophy of both the IB and the NGSS. A quick look 
at the essential components of the IB programmes, 
the components that make it a student-centred, con-
ceptually engaging framework implemented through 
meaningful and sustained inquiry, is critical for under-
standing how the above philosophy will translate into 
classroom practice in the particular context of under-
standing the congruence of the IB science courses 
and the NGSS. In order to understand the areas of con-
vergence of the IB science courses with the NGSS and 
to deconstruct some of the challenges, the following 
section briefly highlights the critical components of 
the IB programmes across the continuum. 
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5Common Core State Standards for mathematics

Sustained inquiry

“The scientific mind does not so much provide the 
right answers as asks the right questions.” (Claude 
Lévi-Strauss)

Inquiry, in the broadest sense, is the process that is 
used to move towards deeper levels of understanding. 
Inquiry involves speculating, exploring, questioning 
and connecting. In all IB programmes, inquiry devel-
ops curiosity and promotes critical and creative think-
ing (IBO, 2014b, p 29).

Science within the IB programmes encourages inquiry, 
curiosity and ingenuity. Learners should develop an 
understanding of the resources of a rapidly changing 
scientific and technological society and how to use 
those resources wisely (IBO, 2014b, p 15). Sustained in-
quiry forms the centrepiece of the written, taught and 
assessed curriculum in IB programmes. IB programmes 
feature structured inquiry into established bodies of 
knowledge as well as into complex problems. In this 
approach, prior knowledge and experience establish 
the basis for new learning, and students’ own curiosity 
provides the most effective provocation for learning 
that is engaging, relevant, challenging and significant 
(IBO, 2013, p 4). 

Committed to inquiry since its inception, the PYP high-
lights the notion that spontaneous, student-initiated 
science inquiries will occur that are not directly related 
to any planned units of inquiry. These are valuable 
teaching and learning experiences in themselves and 
they provide teachers and students with the oppor-
tunity to apply the pedagogy of the PYP to authentic, 
of-the-moment situations (IBO, 2008a, p 1).

The inquiry-based approach is also emphasized in the 
MYP. With inquiry at the core, the MYP science frame-
work encourages students to investigate issues inde-
pendently and collaboratively through research, ob-
servation and experimentation (IBO, 2014b).

In terms of assessment, scientific inquiry enables stu-
dents to develop a way of thinking and a set of skills 
and processes that they can use confidently to tackle 
the internal assessment component of DP biology, 
chemistry and physics. This is further supported by the 
summative examinations and the use of on-screen as-
sessments offers a more authentic experience to as-
sess student understanding. Moreover, the MYP sci-

ences objectives and assessment criteria (A–D) are 
aligned with the DP sciences objectives and internal 
assessment criteria, supporting the smooth transition 
from the MYP to the DP (IBO, 2014b, p 15). 

Concepts and conceptual  
understanding
Understanding that “every discipline has a concep-
tual structure” that comprises of topics, facts, gener-
alizations, principles and theories (Erickson, 2010, p 2) 
and understanding the synergy between the factual 
and conceptual domains of knowledge is critical. The 
“structure of knowledge” as proposed by Erickson 
(2010, p 31) that enables transitioning from traditional 
“two-dimensional” teaching (focused on memorizing 
content) to “three-dimensional” teaching (using the 
factual knowledge to build deeper conceptual under-
standings) offers much clarity. 

The following is an example of how the structure of 
knowledge scaffolds the topic “organisms and adapta-
tions” in science from factual understanding to con-
ceptual levels, thereby facilitating the transition from 
fact-based teaching to “idea-centred” (Erickson, 2010) 
teaching, that “environmental factors influence an or-
ganism’s biology and behaviour pattern”.

Figure 5: The structure of knowledge (Erickson, 2010)
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The PYP defines “concepts” as “powerful ideas that 
have relevance within the subject areas but also 
transcend them and that students must explore and 
re-explore in order to develop a coherent, in-depth 
understanding” (IBO, 2007, p 10). A concept is thus a 
“big idea”—a principle or notion that is enduring, the 
significance of which goes beyond particular origins, 
subject matter, or place in time. Concepts in the struc-
ture of knowledge represent the vehicle for student in-
quiry into issues and ideas of personal, local and global 
significance, providing the means by which they can 
explore the essence of the sciences. 

Conceptual learning focuses on broad and powerful 
organizing ideas that have relevance within and across 
subject areas. They reach beyond national and cultural 
boundaries. Concepts help to integrate learning, add co-
herence to the curriculum, deepen disciplinary under- 
standing, build the capacity to engage with complex 
ideas and allow transfer of learning to new contexts. 
PYP and MYP students encounter defined sets of key 
concepts, and students in the DP and Career-related 
Programme (CP) further develop their conceptual un-
derstanding (IBO, 2013, p 6).

Prior to the NGSS, teachers had to work on developing 
generalizations that brought together factual and con-
ceptual understanding. Creating a vertical alignment 
of the generalizations (K–12) was very challenging for 
schools, if they attempted it at all. With the NGSS, this 
burden has been removed from schools, as the perform- 
ance expectations developed by curriculum experts 
already provide them with this. 

Here is a typical example of how the NGSS articulate 
the crosscutting statement “Energy and matter” with 
scaffolding (K–12).

Further specific examples based on the “structure of 
knowledge” can be developed using the crosscutting 
concepts identified by the NGSS and the “key and re-
lated concepts” used by the IB. (Student prompts for 
articulating the understanding of crosscutting con-
cepts is available in Appendix 4).

The IB learner profile
Unpacking and implementing the NGSS in IB World 
Schools needs to be done in light of the approaches 
to teaching and learning (ATL) and the learner profile. 
This, complemented by the inquiry-based, conceptu-
ally focused curriculum and instruction that permeates 
the IB programmes, brings about a striking alignment 
in the overarching philosophy and approach of the IB 
and the NGSS. Any review of the critical components 
of the IB programmes is not complete if it does not 
state that teaching and learning in the IB programmes 
must take place in the context of the IB learner profile 
(IBO, 2008b, p 12).

Crosscutting statements  (Energy and matter)
•	 K–2 Objects may break into smaller pieces, be put together into larger pieces, or change shapes. 

•	 3–5 Energy can be transferred in various ways and between objects. 

•	 6–8 Energy may take different forms (e.g.: energy in fields, thermal energy, energy of motion). 

•	 9–12 Students understand that energy cannot be created or destroyed, only moves between one 
place and another place, between objects and/or fields, or between systems.

Figure 6: NGSS crosscutting statements. Available at: http://www.nextgenscience.org
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Approaches to learning (ATL)

“The focus of approaches to learning in the MYP is 
on helping students to develop the self-knowledge 
and skills they need to enjoy a lifetime of learning. 
ATL skills empower students to succeed in meeting 
the challenging objectives of MYP subject groups 
and prepare them for further success in rigor-
ous academic programmes like the IB Diploma 
Programme and the IB Career-related Certificate.” 
(IBO 2014a: 20)

ATL has always been part of IB teaching. 

“What is of paramount importance in the pre-
university stage is not what is learned but learning 
how to learn ... What matters is not the absorption 
and regurgitation either of fact or pre-digested 
interpretations of facts, but the development of 
powers of the mind or ways of thinking which can 
be applied to new situations and new presenta-
tions of facts as they arise.” (Peterson, 1972) 

(Note: More details about ATL are available on the IB’s 
online curriculum centre.) 

IB World Schools engaged in the dual implementation 
will benefit from viewing the NGSS as the much-need-
ed next step towards realizing the IB’s vision of curricu-
lum and instruction through measurable outcomes. 
Through a sustained, inquiry-based approach to cur-
riculum and instruction, the IB philosophy calls for 
teaching and learning to move beyond the repetition 
of factual content in order to empower students to en-
gage in critical thinking and deep conceptual under-
standing. Similarly, the NGSS strive to focus on a lim-
ited number of disciplinary core ideas and crosscutting 
concepts to enrich the application of scientific prac-
tices and the understanding of core scientific ideas, 
designed in a way that students continually build on 
and revise their knowledge and abilities over multiple 
years. 

The overarching goal of both the IB and the NGSS in 
moving beyond teaching and learning of science as 
a body of factual information to fostering scientific in-
quiry (aimed at deep conceptual engagement) is an 
area of powerful synergy (Erickson, 2012) between the 
two. In fact, the NGSS only reinforce and strengthen 
the IB philosophy and practice of curriculum and in-
struction followed since its inception in 1968.

Programme-specific sections—
congruence and challenges

Primary Years Programme 
The Primary Years Programme (PYP) introduced in 
1997 is a curriculum framework for “students aged 3 
to 12 that focuses on the development of the student 
as an inquirer, both in the classroom and in the world 
outside” (IBO, 2014). The PYP is believed to have been: 

“the outcome of a sustained vision of the former 
International Schools Curriculum Project ... to pro-
duce a common international curriculum that 
helps develop international-mindedness among 
children”. (IBO, 2009a, p 1) 

A “curriculum framework” can be defined as: 

“a group of related subjects or themes, which fit 
together according to a predetermined set of cri-
teria to appropriately cover an area of study. Each 
curriculum framework has the potential to provide 
a structure for designing subjects and a rationale 
and policy context for subsequent curriculum de-
velopment of these subjects”. (Marsh, 2006, p 19) 

The PYP, committed to the inquiry-based approach to 
teaching and learning, articulates the relationship be-
tween the written, the taught and the learned curricu-
lum in the form of the following open-ended ques-
tions (IBO, 2000, p 9):

•	 “What do we want to learn?”: articulates the 
written curriculum and identifies what student 
learning should take place within a curriculum 
framework.
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•	 “How best will we learn?”: articulates the taught 
curriculum and identifies the theory and applica-
tion that underpins effective classroom practice.

•	 “How will we know what we have learned?”:  
articulates the learned curriculum through the 
theory and application of effective assessment. 

The PYP curriculum framework is also broad and inclu-
sive in that it places equal importance on all student 
activities, both academic and non-academic, believ-
ing that all have an impact on student learning (IBO, 
2000, p 9). A balance between knowledge, under-
standing and skills is aimed at by placing emphasis on 
the five essential elements of the written curriculum 
(knowledge (disciplinary and transdisciplinary), key 
concepts, transdisciplinary skills, attitudes and action) 
together with the IB learner profile to ensure “a coher-
ent learning experience for each student throughout 
each year or grade level, and from one year or grade 
level to another” (IBO, 2009a; IBO, 2010c). This enables 
concurrency of learning which is further supported 
by the requirement that “mathematics, languages of 
instruction, social studies and science need to be the 
responsibility of the classroom teacher: the teacher 
with whom the students spend most of their time” 
(IBO, 2010c). 

An understanding of the PYP framework (in fact of all 
four IB programmes) is incomplete without mention-
ing the constructivist belief that has underpinned the 
programme since its inception in 1997. Following the 
lines of constructivist theory, Marshman (2010, p 8) ar-
gues that:

“cognition and learning is a psychological con-
struct, a process that is idiosyncratic to each in-
dividual learner because of prior experience and 
individual propensities … and the process is only 
sometimes, and perhaps rarely, predictable in that 
learning rarely occurs in a linear way and is differ-
ent for different individuals”. 

Marshman (2010, p 8) further draws on Gardner (1999) 
to discourage the notion of viewing learners as “blank 
slates or empty vessels” and encourages the view that 
learners have different propensities and learning styles 
and that learners are, through their learning experiences,  
often engaged in making cognitive connections in dif-
ferent ways. 

Gardner (1999, p 74) also embraces the notion that “less 
is more”, encouraging the exploration of fewer top-
ics in greater depth rather than covering a wide range 
of topics with minimal exploration, through an inter-
disciplinary approach that initiates the idea that “liter- 
acies, skills and disciplines ought to be pursued as tools 
which allow one to enhance one’s understanding of 
important questions, topics and themes”. Following 
several years of research that analysed various national 
systems and curricular models in international schools, 
it was concluded that:

“there are clusters of important ideas which can 
usefully be grouped under a set of overarching 
concepts, each of which has major significance, 
regardless of time or place, within and across dis-
ciplines ... Thus a conceptual framework for the 
PYP curriculum, structured around a set of key 
concepts was designed, which serve as labels for 
bringing together clusters of interesting ideas”. 
(IBO, 2000, p 13) 

This aligns with Gardner’s theories (1999, p 85) that 
seek to explore content through the “big ideas” or 
concepts by asserting that:

“the key step is the recognition that a concept can 
only be well understood and can only give rise 
to convincing performances of understanding if 
an individual is capable of representing that core 
in more than one way, indeed, in several ways. 
Moreover it is desirable if the multiple modes of 
representing draw on a number of symbol sys-
tems, intelligences, schemas and frames”.

It is worth mentioning that this does not in any way 
mean disciplinary expertise is not important, but it 
is not “another call for projects” (Gardner, 1999, p 87). 
Thus, the PYP promotes the idea that teachers and stu-
dents spend significant time exploring topics in greater 
depth and detail, through a transdisciplinary approach. 
Drawing on the notion supported by educationists 
such as Gardner (1999, p 74), the PYP approaches the 
task of identifying the areas of knowledge through “six 
transdisciplinary themes” (IBO, 2009a, p 8):

•	 Who we are 

•	 Where we are in place and time 

•	 How we express ourselves 
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•	 How the world works 

•	 How we organize ourselves 

•	 Sharing the planet 

The six transdisciplinary themes:

“are supported by knowledge, concepts and skills 
from the traditional subject areas but utilize them 
in ways that transcend the confines of these sub-
jects, thereby contributing to the transdisciplinary 
model of teaching and learning”. (IBO, 2008a, p 9) 

By identifying concepts that have relevance within 
each subject area, and across and beyond all subject 
areas, the PYP has defined an essential element for 
supporting its transdisciplinary model of teaching and 
learning. These concepts provide a structure for ex-
ploration of significant and authentic content. In the 
course of this exploration students deepen their un-
derstanding of the concepts (IBO, 2007, p 24). 

PYP and the NGSS— 
correlation and congruence
The following table maps out the correlation between 
the PYP key concepts and the NGSS crosscutting con-
cepts to bring out the synergy between the two com-
plementary approaches towards building a sustain-
able approach in implementing the above in practice. 

IB PYP KEY CONCEPTS NGSS CROSSCUTTING 
CONCEPTS

Form Structure and function
Function
Causation Cause and effect
Change Stability and change
Connection Interdependence of 

engineering and tech-
nology

Perspective Scale, proportion and 
quantity

Figure 7: PYP key concepts and NGSS crosscutting concepts

As already mentioned, while the purpose here is not 
to engage in a “matching exercise” (such an approach 
will reduce the notion of “concepts” to “topics” result-
ing in a “tick the box” exercise), the articulation of the 
congruence to some extent will help teachers realize 
how the PYP and the NGSS complement each other 
in both philosophy and in action (the written and 
taught curriculum). In addition to the transdisciplinary 
themes, the knowledge component of science in the 
PYP is explored through four strands. The IB empha-
sizes that the science component of the PYP should 
be characterized predominantly by concepts and skills 
rather than by content. The knowledge component of 
science (science scope and sequence) in the PYP is ar-
ranged into four strands: living things, Earth and space, 
materials and matter, and forces and energy.

Science strands
Living things The study of the characteris-

tics, systems and behaviours of 
humans and other animals, and 
of plants; the interactions and re-
lationships between and among 
them, and with their environment. 

Earth and space The study of planet Earth and its 
position in the universe, par-
ticularly its relationship with the 
sun; the natural phenomena and 
systems that shape the planet 
and the distinctive features that 
identify it; the infinite and finite 
resources of the planet. 

Materials and 
matter

The study of the properties, 
behaviours and uses of materials, 
both natural and human-made; 
the origins of human-made ma-
terials and how they are manipu-
lated to suit a purpose. 

Forces and 
energy

The study of energy, its origins, 
storage and transfer, and the work 
it can do; the study of forces; the 
application of scientific under-
standing through inventions and 
machines. 

Figure 8: PYP science strands
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These strands are similar in organizational function to 
the NGSS disciplines: life science, Earth and space sci-
ence, physical science, engineering. When planning a 
unit of inquiry, PYP teachers can map content to the 
NGSS using the table below. Strands and disciplines 
are similar in that they are broad overarching categor- 
ies of concepts. However, they are dissimilar in that 
within the NGSS, engineering is considered a discipline 
of science for all grades K–12.

PYP STRANDS NGSS DISCIPLINES
Living things Life science
Earth and space Earth and space science
Materials and 
matter

Physical science

Force and 
energy

Physical science

Figure 9: PYP strands and NGSS disciplines

Within the NGSS, specific sub-topics for each of these 
categories are covered in each grade level and struc-
tured in a way that knowledge within each discipline 
builds logically over time, and with the other disci-
plines. PYP teachers can use these ideas within each 
grade level to structure learning experiences inside 
and outside the programme of inquiry. 

Assessment is an important part of each of the units of 
inquiry. In addition to assessing student understand-
ing it provides students with a valuable opportunity 
to reflect on their learning experiences which in turn 
offers valuable feedback to teachers to inform further 
planning. Through school-based ongoing authentic 
assessments, PYP schools seek to identify what stu-
dents know, understand and (can) do at different 
stages in the teaching and learning process. In the 
PYP, learning and assessment for learning is a continu-
ous practice, through which teachers identify student 
needs and use assessment data to inform planning. 
The NGSS, designed as performance expectations for 
each grade level in K–5, can be used as outcomes for 
units of inquiry. Since the NGSS foster a three-dimen-
sional approach rather than assessing science content 
and science skills separately, assessment tasks in the 
PYP will need to reflect both the depth and rigour of 

the standards. Through the inquiry-based, student-
driven, conceptually engaging approach that PYP 
transdisciplinary learning facilitates, this is certainly an 
achievable goal. 

PYP and the scientific and  
engineering practices (SEP) of 
the NGSS
While going beyond the regurgitation of content 
knowledge to facilitate deep conceptual learning 
fostered through inquiry-based methodologies is 
the underpinning philosophy of both the IB and the 
NGSS, the scientific and engineering practices within 
the NGSS (particularly in relation to engineering de-
sign and technology) seem to pose some challenges 
within the IB programmes.

The essence of the NGSS goals and practices (de-
scribed previously) is succinctly articulated by the IB 
(IBO, 2014, p 7), as it requires PYP schools to be “com-
mitted to a constructivist, inquiry-based approach to 
teaching and learning that promotes inquiry and the 
development of critical-thinking skills”. Educational 
scholars such as Wiggins and McTighe (2004) also 
support this notion of fostering a lifelong passion for 
learning through sustained inquiry. They state that: 

“Students cannot possibly learn everything of val-
ue by the time they leave school, but we can instill 
in them the desire to keep questioning throughout 
their lives.” (Wiggins and McTighe, 2004) 

In the PYP, science is viewed as “the exploration of the 
biological, chemical and physical aspects of the nat- 
ural world, and the relationships between them”. The 
PYP also highlights the notion that our understanding 
of science is constantly changing and evolving, and 
the purpose of science education is to create (within 
the PYP learners) “an appreciation and awareness of 
the world as it is viewed from a scientific perspective” 
(IBO, 2008a, p 1). The PYP also recognizes the import- 
ance of learning science in context in order to en-
courage and foster the learner’s natural curiosity of de-
veloping an understanding of the world.
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PYP SCIENCE SKILLS NGSS SCIENCE 
AND ENGINEERING 

PRACTICES
Observe carefully in 
order to gather data

Planning and carrying 
out investigations

Use a variety of instru-
ments and tools to 
measure data accurately

Planning and carrying 
out investigations

Use scientific vocabulary 
to explain their observa-
tions and experiences

Obtaining, evaluating 
and communicating 
information

Identify or generate a 
question or problem to 
be explored

Asking questions and 
defining problems

Plan and carry out  
systematic investigations, 
manipulating variables as 
necessary

Planning and carrying 
out investigations

Make and test  
predictions

Developing and using 
models

Interpret and evaluate 
data gathered in order to 
draw conclusions

Analysing and  
interpreting data, 
Constructing explana-
tions and designing 
solutions, 
Engaging in arguments 
from evidence

Consider scientific  
models and applications 
of these models (includ-
ing their limitations)

Developing and using 
models

Figure 10: PYP science skills and NGSS SEPs

Purzer et al (2014) point out that the NGSS recommend 
an integration of engineering into science through 
two modes: 

a)	 as a pedagogical approach to teaching science 
content

b)	 as an important content area in and of itself. 

The NGSS framework draws attention to the fact that 
the term “engineering” is used in a very broad sense 
to mean “any engagement in a systematic practice of 

design to achieve solutions to particular human prob-
lems”. Also, the NGSS points out that the term tech-
nology should actually be used “to include all types 
of human-made systems and processes—not in the 
limited sense often used in schools that equates tech-
nology with modern computational and communica-
tions devices”. 

The previously described approach is valuable, but in-
corporating it into the PYP is a considerable challenge. 
Taking into consideration development and learning 
during early childhood (3–4 years), the PYP recom-
mends that schools be flexible and sensitive to the re-
ality that some units will need more time than others. 
Thus the major area of concern seems to be the extent 
to which the disciplinary core ideas can be explored in 
depth in the PYP by incorporating engineering design 
practices. Therefore the PYP faces some challenges 
and there is a danger that teachers will become “cov-
erage-centred” if all of the disciplinary core ideas have 
to be explored (K–5/6th grade) through a conceptually 
engaging and sustained inquiry-based methodology 
as recommended by both the IB and the NGSS. 

Another area of concern within the PYP regards a key 
point that the NRC makes on fostering inquiry. Due 
to the many ways in which the scientific community 
has interpreted the term “inquiry” over time, the NGSS 
highlights that a part of their intent in articulating the 
practices in dimension 1 of the NGSS was “to better 
specify what is meant by inquiry in science and the 
range of cognitive, social, and physical practices that 
it requires”. The NRC further explains that unless stu-
dents engage in scientific practices themselves, they 
will neither be able to appreciate scientific knowledge 
nor comprehend scientific practices (NRC, 2012, p 30):

“As in all inquiry-based approaches to science 
teaching, our expectation is that students will 
themselves engage in the practices and not merely 
learn about them secondhand”.

This calls for inquiry to be facilitated through engineer-
ing design-based practices, which for some PYP teach-
ers may involve a paradigm shift, moving from a struc-
tured inquiry method (as they are currently engaging 
in) to a practice-based approach to inquiry. Thus, if 
the engineering and design components of the NGSS 
are to be explored by PYP students by personally en-
gaging in scientific inquiry in each of the DCIs, there 
seem to be considerable challenges in terms of time, 
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resources and assessments that PYP schools might 
initially face. This is not to say that it is impossible for 
schools to meaningfully integrate engineering, design 
and technology within the PYP, but rather to acknow- 
ledge the need for focused professional development 
for teachers. Schools also need to set aside quality 
time to understand and develop a sustainable plan to-
wards realizing the vision of the NGSS. 

It is worth acknowledging that assessments in the PYP 
(including the culminating exhibition) do offer the 
scope and possibility of incorporating assessments 
that demand the demonstration and understanding 
of this synergy, though planning this will involve con-
siderable time and resources. This has been explored 
in detail in the “Assessment” section of this report.  

Middle Years Programme 
The International Schools Association Curriculum 
(ISAC) initiated in the 1980s by the International 
Schools Association aimed to develop a curricu-
lum that “raised international awareness in young  
people with emphasis on skills, attitude and knowl-
edge to participate in an increasingly global society”. 
This is said to be the forerunner of the MYP curriculum 
(Marshman, 2010, p 5). Schools adopting the MYP are 
required to organize learning in such a way that stu-
dents will become increasingly aware of the connec-
tions between subjects, content and the real world:

“With inquiry at the core, the MYP sciences frame-
work aims to guide students to independently and 
collaboratively investigate issues through research, 
observation and experimentation. The MYP sciences  
curriculum explores the connections between sci-
ence and everyday life. As they investigate real ex-
amples of science applications, students discover 
the tensions and dependencies between science 
and morality, ethics, culture, economics, politics, 
and the environment.” (IBO, 2014c)

Within the MYP framework, the NGSS disciplinary core 
ideas can represent content targets, so that NGSS per-
formance expectations are reached within the con-
structs of the framework. In the MYP, interdisciplinary 
learning is the process by which students come to un-
derstand bodies of knowledge and ways of knowing 

from two or more disciplines or subject groups and 
integrate them to create new understanding. 

“Students demonstrate interdisciplinary under-
standing when they can bring together concepts, 
methods, or forms of communication from two or 
more disciplines or established areas of expertise 
to explain a phenomenon, solve a problem, cre-
ate a product, or raise a new question in ways that 
would have been unlikely through a single discip- 
line.” (Boix Mansilla, 2010)

In effective interdisciplinary learning, the integration of 
disciplinary perspectives or subject areas is purposeful. 
Integrating disciplinary perspectives is not a goal in 
itself but rather a means to deepen students’ under-
standing of their world and support them in becom-
ing more competent in the same. (IBO, 2014, Pp 3–4)

Figure 11: Key qualities of interdisci-
plinary learning. (IBO, 2014)
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The emphasis on interdisciplinary and real-world con-
nections as emphasized by the NGSS is brought about 
succinctly through the holistic aims of science learning 
in the MYP that encourage and enable students to: 

•	 understand and appreciate science and its impli-
cations 

•	 consider science as a human endeavour with 
benefits and limitations 

•	 cultivate analytical, inquiring and flexible minds 
that pose questions, solve problems, construct 
explanations and judge arguments 

•	 develop skills to design and perform investiga-
tions, evaluate evidence and reach conclusions 

•	 build an awareness of the need to effectively col-
laborate and communicate 

•	 apply language skills and knowledge in a variety 
of real-life contexts 

•	 develop sensitivity towards the living and non-
living environments 

•	 reflect on learning experiences and make in-
formed choices. 

MYP and the NGSS— 
correlation and congruence
The MYP values the notion that learning science needs 
to go beyond learning technical jargon. With inquiry 
at the core, the MYP sciences framework aims to guide 
students to independently and collaboratively investi-
gate issues through research, observation and experi-
mentation. Scientific inquiry also fosters critical and 
creative thinking about research and design, as well 
as the identification of assumptions and alternative ex-
planations (MYP sciences, 2014–15 p 4). It is also worth 
noting that in every year of MYP sciences, all students 
must independently complete a scientific investiga-
tion that is assessed based on inquiring and design-
ing (criterion B) as well as on process and evaluation 
(criterion C). 

Thus, students develop scientific knowledge (facts, 
ideas, concepts, processes, laws, principles, models 
and theories) and apply it to solve problems and ex-
press scientifically supported judgments. In order to 

reach the objectives of the sciences, students should 
be able to: 

•	 explain scientific knowledge 

•	 apply scientific knowledge and understanding 
to solve problems set in familiar and unfamiliar 
situations 

•	 analyse and evaluate information to make scien-
tifically supported judgments. (IBO, 2014b, p 9)

In the MYP, conceptual understanding is framed by 
prescribed key and related concepts. Teachers must 
use these concepts to develop the curriculum. Schools 
may identify and develop additional concepts to meet 
local circumstances and curriculum requirements. 
Students use conceptual understanding as they solve 
problems, analyse issues, and evaluate decisions that 
can have an impact on themselves, their communities 
and the wider world (IBO, 2014b, p 18).

NGSS crosscutting 
concepts

MYP key/related  
concepts

Patterns Patterns
Cause and effect Movement, transforma-

tion, consequence
Scale, proportion and 
quantity

Models

Systems and system 
models

Systems and models

Energy and matter Energy
Structure and function Form
Stability and change Change, balance,  

movement

Figure 12: MYP concepts and NGSS crosscutting concepts
 
The MYP structures sustained inquiry in sciences by 
developing conceptual understanding in global con-
texts. Teachers and students develop a statement of 
inquiry and use inquiry questions to explore the sub-
ject. Through their inquiry, students develop specific 
interdisciplinary and disciplinary approaches to learn-
ing skills (IBO, 2014b, p 29).

The high degree of congruence between MYP assess-
ments and the three-dimensional science learning 
in the NGSS is explored in depth in the “Assessment” 
section of this report. However, it is critical to note at 
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this point that as in the NGSS, the MYP also highlights 
that the intention of science learning is not “to create a 
specific body of factual knowledge that must be mas-
tered in year 5 in order to be successful in onscreen 
examinations”. Rather, the MYP assessments are de-
signed to go beyond gauging students’ factual under-
standing and focus more on the deeper conceptual 
understanding realized through hands-on scientific 
and engineering practices.

Although assessment in the MYP is internal, “carried out 
by teachers and relies on their professional expertise in 
making judgments based on the prescribed IB MYP 
assessment criteria defined in the subject guides” (IBO, 
2014), schools also have an option to have a sample 
of the assessments of students in the last year of the 
MYP moderated externally. MYP on-screen examin- 
ations (eAssessments) are formal external examin- 
ations, and are available in biology, chemistry, phys-
ics and integrated sciences. Within this, the MYP offers 
immense possibilities to assess three-dimensional sci-
ence learning objectives as articulated by the NGSS. 
The MYP on-screen assessment blueprints document 
the close connection of large-scale assessment with 
subject-group objectives, classroom learning engage-
ments and the programme’s rigorous internal assess-
ment requirements (IBO, 2015a, p 4).

The knowledge, skills and attitudes that students de-
velop through the MYP science courses provide a 
meaningful foundation for further study and help to 
prepare students for careers in academic and corpor- 
ate research, as laboratory assistants and managers, in 
scientific consultancy for a range of companies and 
NGOs, in teaching, in fieldwork and journalism, thereby 
making them “college and career ready” and prepared 
for careers in science as emphasized by the NGSS.  

MYP and the scientific and  
engineering practices (SEP) of 
the NGSS

“The study of science and engineering should pro-
duce a sense of the process of argument necessary 
for advancing and defending a new idea or an 
explanation of a phenomenon and the norms for 
conducting such arguments. In that spirit, students 
should argue for the explanations they construct, 
defend their interpretations of the associated data, 

and advocate for the designs they propose.” (NRC, 
2012, p 73)

Within the IB continuum (PYP, MYP and DP), the MYP 
seems to be the best fit for accommodating the scope 
and depth of science education as demanded by the 
NGSS. The striking similarities between the MYP de-
sign cycle and the “Three spheres of activity for scien-
tists and engineers” (NRC, 2012, p 60) as represented 
by the NRC are evident below.

The MYP design cycle complements the “cycle of 
research and design” that is at the centre of a STEM-
based approach to learning, engineering and design. 
The eight standards for mathematical practices in 
grades 6 to 10 of the MYP also offer numerous pos-
sibilities for integrating the engineering, design and 
technology elements of the NGSS in terms of content, 
concepts and scientific practices.

Figure 13a: The MYP design cycle

Figure 13b: The three spheres of activity for scientists and 
engineers—A Framework for K–12 Science Education: 

Practices, Crosscutting Concepts, and Core Ideas (National 
Academies Press, 2012)Overview—IB20
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Building on the aims of MYP mathematics to help 
students “develop powers of generalization and ab-
straction”, schools will be able to develop the con-
ceptual synergy between mathematics and the sci- 
ences while meeting the rigour of the engineering and 
design practices within the NGSS. Thus, the MYP of-
fers immense possibilities for incorporating the NGSS 
through inquiry-based, authentic learning projects to 
integrate engineering, design and technology. 

The MYP global contexts offer immense potential for 
explorations that create additional contexts for teach-
ing and learning in mathematics and sciences. These 
explorations also invite inquiry from other subject 
groups into scientific and mathematical contexts. All 
teachers in the programme are also encouraged to de-
velop additional global contexts and authentic explor- 
ations that explore subject-specific settings, events or 
circumstances (IBO, 2014). 

Global context Example explorations
Identities and 
relationships

Possible explorations to develop:
•	 Mathematical identities, modelling versus reality, equations and variations, the  
         mathematics of epidemics on social media
•	 Relationships—causation and correlation (including spurious correlations)
•	 Data management, what “big data” tells us about ourselves  
•	 Financial literacy
•	 Anthropometry

Personal and cultural 
expression 

Possible explorations to develop:
•	 Science in national communities; science and communities of faith and  
         personal beliefs
•	 The historic development of the periodic table 
•	 Calendars and timekeeping 

Scientific and technical 
innovation 

Possible explorations to develop:
•	 Rapid prototyping and 3D printing
•	 Genetic mutation and modification
•	 Human microbiomes and personalized medicine 
•	 Citizen science and crowd-sourced data 

Globalization and  
sustainability 

Possible explorations to develop:
•	 Design and scale 
•	 Food—ethics, access, printing, security, synthetics and counterfeiting 
•	 Scarcity of resources (rare earth metals, helium, resource scares) and  
         green technology 

Fairness and  
development

Possible explorations to develop:
•	 Land management, resource allocation and access
•	 Ecology and impact
•	 Fairness in games of chance, data-driven decisions 
•	 Mathematical indices of development and human capabilities

Orientation in space  
and time

Possible explorations to develop:
•	 Indigenous understanding—astronomy, biodiversity erosion 
•	 Mensuration and standardization, gravity maps
•	 The geometry of “unbuilt” cities, crowd-sourced cartography, the role/ 
         reliability of simulations

Figure 14: MYP global contexts—possible explorations 
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Besides the traditional science courses of biology, 
chemistry and physics, MYP schools can choose to of-
fer and develop other courses such as:

•	 environmental sciences

•	 life sciences

•	 physical sciences

•	 sport sciences

•	 health sciences

•	 earth sciences. (www.ibo.org)

The range of subjects available for study in the MYP 
also provides the required breadth to incorporate the 
NGSS with rigour and depth. However, since most US 
high schools (grades 9 and 10) offer the various op-
tions in the sciences as electives, the time factor in 
terms of addressing the depth and rigour as demand-
ed by the NGSS may pose some challenges as it does 
in the PYP.  

In terms of assessment, MYP assessments and ePortfo-
lios do seem to offer the required scope and potential. 
Needless to say, this will also involve an investment of 
time in terms of planning and collaboration. However, 
in light of the points above, the possibility of incorpo-
rating the NGSS within the MYP seems both feasible 
and sustainable.

Diploma Programme
The DP, with its focus on preparing students for uni-
versity, brings some interesting opportunities as well 
as challenges in implementing the NGSS. The content-
heavy, assessment-oriented DP offers less flexibility in 
terms of both curriculum design and pedagogical ap-
proaches. Misconceptions among teachers regarding 
how an inquiry-based, concept-based approach can 
help deliver subject-specific content to secondary stu-
dents remain a challenge for DP teachers.

However, within these challenges, it needs to be ac-
knowledged that the “college and career readiness” 
that both the DP and the NGSS seek to achieve 
through intellectual rigour and 21st-century know- 
ledge, understanding and skills are complementary. 
While the NGSS describe the scientific skills and know- 
ledge all students should be able to demonstrate 
upon graduation from 12th grade, the standards do 

not prescribe the course content or curriculum that 
students should follow to meet these performance 
goals. The DP curriculum in this sense provides the 
potential and a viable route to achieve these goals. 
This will, however, call for a careful and critical rethink-
ing of not only DP science coursework, but also other 
opportunities that enable the STEAM-based (Science, 
Technology, Engineering, Arts and Mathematics) ap-
proach that the NGSS demands. 

Since the DP is for students in the 11th and 12th grades 
while NGSS high school performance expectations 
reflect expectations at the end of high school, edu-
cators, schools, and districts will need to carefully de-
sign course pathways and content within courses to 
ensure that all NGSS high school performance expec-
tations are assessable by the end of the 12th grade. 
This requires careful reconsideration of both the con-
tent of IB courses students may take for the DP, as well 
as other science courses students may have taken 
in high school (grades 9–12). Within a given DP sci-
ence course, there may be several opportunities for 
students to demonstrate proficiency in certain NGSS 
performance indicators. However, a systematic and 
rigorous approach in assessing the proficiency of DP 
students through the performance indicators will re-
quire purposeful and strategic modifications to how 
an IB educator currently envisions or delivers a course. 
Students (and subsequently all stakeholders such as 
parents, teachers, counsellors and administrators) will 
need to be supported in thinking through their course 
selection relatively early in their secondary school sci-
ence experiences (middle school or very early in high 
school) to ensure that their high school experiences 
reflect both the NGSS and IB requirements. 

Correlation and congruence 
through mutually supportive 
goals 
The NGSS articulates the knowledge, understanding 
and skills that students need to demonstrate profi- 
ciency in by the end of the 12th grade. The NGSS strive 
to achieve this across four primary science domains: 
life science, physical science, Earth and space science, 
and engineering design. 

High school expectations build on knowledge and 
skills developed in K–8, and high school science is 
expected to provide the capstone experiences of a 
coherent science learning progression across all dis-
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ciplines. The NGSS are designed to be rigorous, prac-
tical, and ensure that students have sufficient know- 
ledge and skills across science domains, science and 
engineering practices, and crosscutting concepts to 
be successful in post-secondary endeavours. 

The approach of the DP, particularly within the group 
4 courses, is supportive of the goals of the NGSS. The 
primary DP courses that support the goals of the NGSS 
are outlined below. 

Biology SL: A standard level course designed for all 
students, intended to provide a survey of the study 
of life and its structures, processes, dynamics, and be-
haviours, ranging from the microscopic interactions 
and activities of cells to the macroscopic dynamics of 
populations and ecosystems. 

Physics SL: A standard level course designed for all 
students, intended to provide a survey of the experi-
mental models and theories of physics, ranging from 
sub-atomic particle interactions to the dynamics of 
vast systems. 

Chemistry SL: A standard level course designed for all 
students, intended to provide a survey of the study of 
chemical sciences. 

Environmental systems and societies SL: An inter-
disciplinary subject that combines knowledge across 
experimental and social sciences to provide students 
with a coherent perspective of the interrelationships 
between environmental systems and societies. 

(Note: HL components of each of these courses (ex-
cept for environmental systems and societies which 
does not have an HL offering at this time) are also sup-
portive of the goals of the NGSS, but ask students to 
engage in some topics in greater breadth and depth.)

These DP courses represent the breadth and depth 
within each discipline. It is important to note that while 
it is likely that a DP student will take a single science 
course through one of these disciplines (and at most 
two) over the course of the two-year programme, 
the NGSS (that require students to demonstrate pro-
ficiency in all performance expectations) will need to 
be embedded within and across all of the sciences. 
Because DP science courses have detailed curriculums, 
aims and objectives, it is possible to begin thinking 
about how DP courses may help students meet some 
of the NGSS performance expectations. 

It needs to be acknowledged that it is highly unlikely 
that schools in the dual implementation will devote 
more time for science learning than that required for 
the DP. The balance here needs to be brought about 
by highlighting the IB philosophy of depth versus 
breadth. In this sense, although the core science con-
cepts explored within the sciences in the DP may be 
limited, they strive towards developing scientific ways 
of thinking which will provide the students with the 
knowledge, understanding and skills to further de-
velop analytical skills for the scientific and engineer-
ing process and ways of thinking that can be applied 
to explore new science concepts. When considering 
alignment in this way, it may be helpful to think about 
the following key points.

What are the targeted performance expectations (or 
parts of performance expectations) for which students 
will be able to demonstrate proficiency by the end of 
a given course? Student performance expectations 
in the NGSS require proficiency across three dimen-
sions: science and engineering practices, disciplinary 
core ideas, and crosscutting concepts. When thinking 
about alignment, it is important to consider to what 
extent students will have the opportunity to engage 
in all aspects of a targeted performance expectation 
within a selected course. If a performance expectation 
will not be met, careful consideration should be given 
to what course and in what context students will have 
the opportunity to engage with that material, so that 
they will be able to demonstrate proficiency in the 
performance expectations by the end of high school. 

Are there certain student experiences, or types of ex-
periences, that would be necessary for reaching NGSS 
targets within a course, that are not specifically dic- 
tated by the IB curriculum? It is possible that some 
NGSS performance expectations may be addressed 
within the IB curriculum given a certain set of experi-
ences, for example, a series of research projects viewed 
through a particular lens; a specific context or phe-
nomenon used to ground student experiences and 
encourage certain proficiencies; a change in approach 
to how students learn certain content (exploring sci-
ence concepts through investigations and data analy-
sis as emphasized by the IB). Since both NGSS and the 
IB place equitable access to science for all students as 
paramount, it is imperative that any such nuances be 
carefully considered. 
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Within a given discipline (life science, Earth and space 
science, physical science, engineering), the perform- 
ance expectations that are not met by a DP course in 
that discipline also need to be identified. Since IB sci-
ence courses are largely discipline-specific, it will be 
important to know whether a full set of performance 
expectations can be met by a DP course, as this may 
have implications for student coursework in earlier 
years. For example, if a student takes an IB biology 
course in 11th grade, will they be able to complete all 
the life science performance expectations described 
in the NGSS? If so, students may plan to take a physi-
cal science course and Earth/space science course in 
9th and 10th grade, assuming those courses similarly 
meet all the performance expectations in those disci-
plines. Alternatively, if all the life science performance 
expectations would not be met in a single biology 
course, will students have the opportunity to meet 
them through other work in the 9th and 10th grades, 
through discipline-specific or integrated science 
courses? How many courses would be necessary? This 
may also have implications for science course design 
in 9th and 10th grades. 

The opportunity for an integrated engineering ex-
perience in the science courses within the DP needs 
to be solidified. Since the NGSS expect that students 
develop proficiency in engineering skills and know- 
ledge through application with science, it is important 
to ensure that students have continued and consistent 
access to this integrated approach both in DP science 
courses, and in other science courses students take 
during high school. 

There is indeed an overlap between the content  
covered in specific science courses offered in the DP 
and some NGSS performance indicators. However, the 
overlap is unlikely to be complete for single courses, 
and there are gaps between content covered in NGSS 
disciplines and IB courses that might seem “equiva-
lent” (for example, NGSS high school life sciences and 
DP biology). As a result, the NGSS performance expec-
tations that students would be able to demonstrate 
proficiency in as a direct result of DP sciences upon 
graduation vary greatly, depending upon the science 
courses the student would have chosen to take, both 
in the DP as well as in earlier years. 

Additionally, there are broader issues to consider. For 
example, DP sciences strongly incorporate life and 
physical sciences, but do not reflect Earth and space 
science as deeply. This calls for Earth sciences to be 

explored through geography as well as environmental 
sciences. 

While there seem to be immense possibilities to ex-
plore Earth and space sciences in both the PYP and the 
MYP, the DP does not seem to embrace this compon- 
ent of the NGSS. For instance, the PYP’s transdisciplin- 
ary theme of “How the world works” offers immense 
potential for learners to deeply understand environ-
mental systems and the importance of the Earth’s 
non-renewable resources. Thereby it also promotes 
action to conserve natural resources. All of this helps 
meet the performance expectations as outlined in the 
Earth and space sciences domain within the NGSS. 

However, it could be argued that although the DP 
sciences strongly incorporate life and physical sci-
ences, they do not reflect Earth and space science as 
deeply and as effectively. Nevertheless, this can be ap-
proached through multiple pathways in the DP. The 
environmental systems and societies (ESS) course (cur-
rently being offered as SL) and the geography course 
(although technically not falling under “IB sciences”) 
offer immense potential for the active engagement 
and meaningful exploration of the Earth and space sci-
ences within the DP. 

Environmental systems and societies, one of two inter- 
disciplinary courses offered in the DP (thereby enab- 
ling students to choose this course as either a group 3 
or group 4 subject), requires students to evaluate the 
scientific, ethical and socio-political aspects of various 
issues. 

“The interdisciplinary nature of the DP course re-
quires a broad skill set from students, including 
the ability to perform research and investigations, 
participation in philosophical discussion and 
problem-solving. The course requires a systems 
approach to environmental understanding and 
promotes holistic thinking about environmental 
issues”. (IBO, 2015b)

Through hands-on work (in the laboratory or field-
work, both align to the vision of the NRC’s framework 
of science education), the DP environmental systems 
and societies course offers immense potential for cre-
ating awareness about local and global environmen-
tal concerns and at the same time developing an un-
derstanding of the scientific methods, investigations 
and practices that help demonstrate proficiency in the 
NGSS performance indicators. 
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While the external examination component of en-
vironmental systems and societies offers students 
the opportunity to “demonstrate an understanding 
through the application, use, synthesis, analysis and 
evaluation of environmental issues, information, con-
cepts, methods, techniques and explanations”, the 
internal assessment component “comprised of a  
series of practical and fieldwork activities enables stu-
dents to demonstrate the application of their skills and 
knowledge, and to pursue their personal interests, 
without the time limitations and other constraints that 
are associated with written examinations”. (IBO, 2015c) 

The DP geography course is highly conceptual in na-
ture (compared with traditional geography courses 
that require rote memorization of discrete facts and 
figures) and aims to provide an overview of the geo- 
graphic foundation for the key global issues of our 
time. Through a “synergistic” approach of factual and 
conceptual engagement, the course provides the op-
portunity to explore topics concerning poverty reduc-
tion, gender equality, improvements in health and 
education, and environmental sustainability. 

For instance, the paper 1 component of DP geog- 
raphy, explored through the core conceptual themes 
of “patterns and change” and the factual (compulsory) 
topics of “patterns in environmental quality and sus-
tainability” and “patterns in resource consumption”, 
not only offers immense potential to incorporate the 
relevant NGSS crosscutting concepts but also to ex-
plore the Earth and space sciences through meaning-
ful and sustained inquiry. 

“The performance expectations in ESS3: Earth 
and Human Activity help students formulate 
an answer to the question: “How do Earth’s sur-
face processes and human activities affect each  
other?” The ESS3 Disciplinary Core Idea from the 
NRC Framework is broken down into four sub-ide-
as: natural resources, natural hazards, human im-
pact on Earth systems, and global climate change. 
Students understand the complex and significant 
interdependencies between humans and the rest 
of Earth’s systems through the impacts of natural 
hazards, our dependencies on natural resources, 
and the significant environmental impacts of hu-
man activities”. (Achieve, 2013, p 2)

The core themes of DP geography, in combination 
with the optional themes of paper 2 and the exten-
sion components of paper 3 (global interactions), of-
fer many pathways to meaningfully explore the NGSS 
Earth and space sciences: 

Some paper 2 optional themes that are applicable in 
this context include the following: 

•	 Freshwater—issues and conflicts

•	 Oceans and their coastal margins

•	 Extreme environments

•	 Hazards and disasters

•	 The geography of food and health

•	 Urban environment

“For the purpose of the NGSS, biogeology has been 
addressed within the life science standards. Students 
develop models and explanations for the ways that 
feedbacks between different Earth systems control 
the appearance of Earth’s surface. Central to this 
is the tension between internal systems, which are 
largely responsible for creating land at Earth’s sur-
face, and the sun-driven surface systems that tear 
down the land through weathering and erosion. 
Students begin to examine the ways that human 
activities cause feedbacks that create changes to 
other systems”. (Achieve, 2013, p 1)

How the above can be correlated and embedded 
within DP geography is evident from some of the HL 
extension components identified below.

•	 Environmental change

•	 Global interactions at the local level

While these pathways offer some specific ways to ex-
plore the Earth and space sciences within the DP, a 
holistic consideration of the other components of the 
DP such as theory of knowledge and the extended 
essay as well as DP courses such as computer science, 
design technology and information technology in a 
global society (ITGS) will reveal immense possibilities 
for meaningful and unconventional ways through 
which students can be prepared for IB high-stakes as-
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sessment as well as be fully prepared for meeting the 
NGSS performance expectations. In some cases, this 
may also mean additional content needs to be incor-
porated into students’ secondary science learning. 

The extended essay, including the world studies op-
tion, is a compulsory, externally assessed piece of in-
dependent research. Presented as a formal piece of 
scholarship containing no more than 4,000 words, the 
aims of the extended essay are to provide students 
with the opportunity to pursue independent research 
on a focused topic, to developing creative and critical 
thinking skills through reasoned argument, and to ap-
ply appropriate analytical and evaluative skills, leading 
to the opportunity of experiencing the excitement of 
intellectual discovery (IBO, 2014c).

It is also important to recognize the high level of flexi- 
bility the NGSS afford educators and students in terms 
of meeting the standards. Although some creativity in 
approach and restructuring of instruction or internal 
assessments may be necessary, the mutually support-
ive goals and intents of the DP and the high school 
NGSS performance expectations suggest a promising 
road ahead, although it may not be devoid of chal-
lenges. 

As a quick example, figure 15 gives an overview into 
one possible arrangement of components and high-
lights both the opportunities and challenges arising 
from this approach.

It needs to be acknowledged that while it is very pos-
sible to meaningfully integrate NGSS requirements 
within the DP science courses currently available, this is 
more teacher-dependent rather than a course require-
ment, which can result in gaps and inconsistencies in 
the way these are interpreted and implemented. This, 
when combined with the logistical challenge of high 
school teachers being departmentalized, will neces-
sitate new ways of fostering interdisciplinary thinking 
and curriculum planning in the DP.

Figure 15: Content overlap between the DP and NGSS 
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DP and the scientific and engineering practices (SEP) of the NGSS

Realistically the engineering, design and technology 
aspects of the NGSS also call for the integration of sci-
ence, mathematics, economics, sociology, anthropol-
ogy and technology. Therefore the DP will need to 
consider how this integration can be implemented in 
the programme to provide the base for a rigorous and 
sustainable integration of the NGSS. Much of this can 
be achieved by making the necessary alignment when 
DP courses undergo their cyclical seven-year reviews. 

Science and engineering  
practices in high school 
The science and engineering practices (SEPs) in the 
NGSS represent the knowledge and skills associated 
with scientific investigations and problem-solving that 
students are expected to know and be able to use by 
the end of the 12th  grade. These practices, including 
what they are and why they are important, are de-
scribed in the framework as a mechanism to “help stu-
dents understand how scientific knowledge develops 
... and understand the work of engineers, as well as the 
links between engineering and science”. Participation 
in these practices also helps students form an under-
standing of the crosscutting concepts and disciplinary 
ideas of science and engineering; moreover, it makes 
students’ knowledge more meaningful and embeds 
it more deeply. The term “practices” is used, rather 
than “skills” or “inquiry” “to emphasize that engaging 
in scientific investigation requires not only skill but 
also knowledge that is specific to each practice” (NRC, 
2012). 

The NGSS provide detailed explanations of what these 
expectations look like at each grade band (Appendix F) 
and can help in providing a framework for identifying 
the relationship between similar goals for DP students. 

General overlap between  
scientific and engineering prac-
tices of the NGSS and DP aims 
It is important to note that any single practice is con-
nected to other practices, and may have overlapping 
features, therefore, it is likely that several practices 
will bear a relationship to any given feature of the DP. 
Moreover, the practices represent ways for students to 
both develop and demonstrate their understanding 
of science and engineering, and as such can serve as 
both the indicator of student progress as well as the 
mechanism by which students develop their under-
standing. This means that many practices will be re-
lated to a given group 4 aim or assessment objective, 
but they each represent an important set of skills and 
knowledge that students should develop. 

Because the practices all represent different ways 
students can demonstrate their thinking, as well as 
knowledge and skills, certain DP aims either relate to 
the practices as a whole or are emergent in student 
reflection about their experiences across all practices. 
These include: 

•	 Appreciate scientific study and creativity within a 
global context through stimulating and challeng-
ing opportunities 

•	 Acquire a body of knowledge, methods, and tech-
niques that characterize science and technology 

•	 Apply and use a body of knowledge, methods, 
and techniques that characterize science and 
technology 

•	 Become critically aware, as global citizens, of the 
ethical implications of using science and technol-
ogy 

•	 Develop an appreciation of the possibilities and 
limitations of science and technology 
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While these are certainly related to some individual 
practices in important ways (detailed in the following 
sections when appropriate), in general, these apply to 
all the practices collectively. 

Additionally, all practices offer students the opportun- 
ity to “demonstrate their knowledge and understand-
ing of” and “apply” methodologies, techniques, and 
concepts. Like the selected aims discussed previously, 
there are some instances in which these assessment 
objectives have a particular relationship with a specific 
practice (which are detailed as appropriate detailed in 
the following sections). However, there are also assess-
ment objectives that are related to all practices. 

Science and engineering  
practices—asking questions 
and defining problems 

“Students at any grade level should be able to ask 
questions of each other about the texts they read, 
the features of the phenomena they observe, and 
the conclusions they draw from their models or sci-
entific investigations. For engineering, they should 
ask questions to define the problem to be solved 
and to elicit ideas that lead to the constraints and 
specifications for its solution.” (NRC, 2012, p 56). 

In high school, students focus on formulating, evalu-
ating, and refining empirical questions, and defining 
addressable problems using models and simulations. 
Students consider increasingly complex phenomena 
and systems, and ask questions that clarify and probe 
sophisticated relationships, models and explanations. 
Students ask questions based on evidence and logical, 
scientific reasoning, allowing students to demonstrate 
their understanding of core ideas and broad con-
cepts by critically probing explanations, arguments, 
evidence, and claims. Similarly, students define prob-
lems—including criteria, constraints, and the system 
within which the problem and solution are embed-
ded—based on evidence, reasoning, and application 
of scientific and engineering ideas. 

Crosscutting concepts  
in the DP
In the NGSS, the crosscutting concepts represent ideas 
that can be used to connect knowledge and thinking 
across science disciplines. These are specific to science, 
but many of the crosscutting concepts have broader 
applicability to other subject areas. As part of the DP, 
crosscutting concepts in science courses may provide 
students with explicit tools to connect their know- 
ledge and understanding in science not only with  
other sciences, but to other topics and global contexts 
as well. 

One of the reasons that the crosscutting concepts are 
an innovation of the NGSS is not because they have 
not been present in science education previously, but 
because they have traditionally been implicit compon- 
ents of science education rather than explicit know- 
ledge that students develop and apply with the ex-
press intention of providing cognitive frameworks for 
students to organize their thinking. As a complete pro-
gramme, the DP supports a curriculum that engag-
es students in broad conceptual understanding and 
the interconnectedness of knowledge across subject  
areas. Deep understanding and application of the 
crosscutting concepts, like the other dimensions, 
straddles both scientific understandings as well as ap-
plication to explain phenomena. 

In addition to specific courses (for example, environ-
mental systems and societies) and expectations within 
specific courses that directly tie with some elements 
of the crosscutting concepts, the nature of science in 
the DP provides some tangible connections to the 
crosscutting concepts, and is also supportive of the 
knowledge underlying many of the science and engin- 
eering practices. In the NGSS, there are seven identi-
fied crosscutting concepts, each with several elements 
that students are expected to know and apply by the 
end of high school which are explained in the follow-
ing sections. 

Patterns 

“In grades 9–12, students observe patterns in sys-
tems at different scales and cite patterns as em-
pirical evidence for causality in supporting their 
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explanations of phenomena. They recognize clas-
sifications or explanations used at one scale may 
not be useful or need revision using a different 
scale; thus requiring improved investigations and 
experiments. They use mathematical representa-
tions to identify certain patterns and analyze pat-
terns of performance in order to reengineer and 
improve a designed system.” 

Identifying and interpreting patterns from surround-
ing chaos is central to furthering scientific and engin- 
eering endeavours, and is closely linked to concepts 
and practices of science, such as identifying, using, 
and evaluating evidence and reasoning, analysing and 
interpreting data, and asking questions. Because of the 
experimental approach of DP sciences and the em-
phasis on data analysis, evidence and application to 
phenomena, DP sciences can offer rich opportunities 
for students to develop and use this crosscutting con-
cept in increasingly sophisticated ways. Specifically, 
some elements of the nature of science in the DP that 
specifically highlight the objectivity of science are very 
closely linked to patterns as a crosscutting concept. 

The DP supports student understanding of both 
quantitative and qualitative patterns. “Scientists ana-
lyse data and look for patterns, trends, and discrepan-
cies, attempting to discover relationships and establish 
causal links. This is not always possible, so identifying 
and classifying observations is still an important as-
pect of scientific work.” (IBO 2016, Biology guide, p 4) 

Cause and effect 

“In grades 9–12, students understand that empiri-
cal evidence is required to differentiate between 
cause and correlation and to make claims about 
specific causes and effects. They suggest cause 
and effect relationships to explain and predict be-
haviors in complex natural and designed systems. 
They also propose causal relationships by examin-
ing what is known about smaller scale mechan- 
isms within the system. They recognize changes 
in systems may have various causes that may not 
have equal effects.” 

The NGSS places a great emphasis on the relationship 
between evidence, cause, correlation, and reasoning. 

This crosscutting concept is closely related to many 
other concepts and practices in the NGSS, making un-
derstanding and applying ideas around cause and ef-
fect central to students’ science endeavours.

Systems and system models 

“In grades 9–12, students can investigate or ana-
lyze a system by defining its boundaries and initial 
conditions, as well as its inputs and outputs. They 
can use models (e.g. physical, mathematical, com-
puter models) to simulate the flow of energy, mat-
ter, and interactions within and between systems 
at different scales. They can also use models and 
simulations to predict the behavior of a system, 
and recognize that these predictions have limited 
precision and reliability due to the assumptions 
and approximations inherent in the models. They 
can also design systems to do specific tasks. “ 

Scale, proportion, and  
quantity 

“In grades 9–12, students understand the signifi-
cance of a phenomenon is dependent on the scale, 
proportion, and quantity at which it occurs. They 
recognize patterns observable at one scale may 
not be observable or exist at other scales, and 
some systems can only be studied indirectly as 
they are too small, too large, too fast, or too slow to 
observe directly. Students use orders of magnitude 
to understand how a model at one scale relates 
to a model at another scale. They use algebraic 
thinking to examine scientific data and predict the  
effect of a change in one variable on another (e.g. 
linear growth vs. exponential growth).” 

Energy and matter 

“In grades 9–12, students learn that the total 
amount of energy and matter in closed systems 
is conserved. They can describe changes of ener-
gy and matter in a system in terms of energy and 
matter flows into, out of, and within that system. 
They also learn that energy cannot be created or 
destroyed. It only moves between one place and 
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another place, between objects and/or fields, or 
between systems. Energy drives the cycling of 
matter within and between systems. In nuclear 
processes, atoms are not conserved, but the total 
number of protons plus neutrons is conserved.” 

Structure and function 

“In grades 9–12, students investigate systems by 
examining the properties of different materials, 
the structures of different components, and their 
interconnections to reveal the system’s function 
and/or solve a problem. They infer the functions 
and properties of natural and designed objects 
and systems from their overall structure, the way 
their components are shaped and used, and the 
molecular substructures of their various materi-
als.” 

The crosscutting concepts do not “correlate” with the 
composition of DP courses, but rather are more gener-
ally and holistically supported by the approach of the 
DP. For this reason, DP science teachers will need to pay 
special attention to developing this knowledge and 
these skills explicitly in their DP science curriculum. The 
crosscutting concepts can be very powerful tools for 
making important aspects of the DP, such as nature of 
science and connections to the practices and applica-
tion of science, explicit and rich in learning opportun- 
ities for students. The crosscutting concepts can also 
be very helpful to teachers when planning units of in-
struction and goals within lessons and units, as well as 
for crafting meaningful scenarios and phenomena for 
students to engage in. In this way, crosscutting con-
cepts and elements of the DP can be useful and mutu-
ally supportive tools for both teachers and students 
alike. (See NGSS Appendix G for a complete guide to 
the crosscutting concepts expectations). 

Disciplinary core ideas— 
overlap in the DP
To help educators identify areas of overlap between 
DP courses, here we describe some high level congru-
ence and divergence among the expectations within 
each NGSS discipline and similar DP course. Educators 
should conduct their own analyses with their specific 

curriculum in mind, as that will provide a more de-
tailed sense of overlap, gaps, and how it may be pos-
sible to address these gaps. 

Core ideas in NGSS high school life science: 

•	 From molecules to organisms: structures and 
processes

•	 Ecosystems: interactions, energy, and dynamics 

•	 Heredity: inheritance and variation of traits 

•	 Biological evolution: unity and diversity 

Core ideas in NGSS high school physical science:

•	 Matter and its interactions 

•	 Motion and stability: forces and interactions 

•	 Energy 

•	 Waves and their applications in technologies for 
information transfer 

Core ideas in NGSS high school Earth and space sci-
ence: 

•	 Earth’s place in the universe 

•	 Earth’s systems 

•	 Earth and human activity 

The DP expectations and guides are structured quite 
differently from the NGSS, and with good reason. The 
NGSS lists performance expectations that are snap-
shots of student performance indicative of a wide 
range of knowledge and skill that students have ac-
crued over instructional experiences. Every NGSS per-
formance expectation asks students to use a wide 
range of experiences across practices, crosscutting 
concepts, core ideas, metacognitive and reflective 
ideas, and different situations in order to meet it. The 
DP, unhindered by the need for standards statements, 
can expand upon the goals, approach, and resulting 
attributes students should possess.

Research suggests that a concept-based approach to 
curriculum and instruction offers much value not only 
in secondary education, but also at university level and 
beyond (see for example, Mazur (1997) on teaching  
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introductory physics at Harvard; Chappell and 
Killpatrick (2003) on teaching AP calculus at Michigan 
State University, Hadjerrouit (2009) on teaching and 
learning informatics, etc.). Giddens (2007) argues that 
the ever-growing body of knowledge in the field of 
medicine poses new challenges in the training of nurs-
es and that only through a concept-based approach to 
curriculum and instruction can we rescue pre-service 
nursing education from its current situation of “con-
tent saturation”. If so, then why is secondary education 
currently unable to meet such needs?

Through an interesting anecdote Mazur (1997), who 
teaches introductory physics at Harvard University, 
highlights how students’ conceptions (and miscon-
ceptions) are often excluded from science instruction 
in higher grades:

“Professor Mazur, how should I answer this ques-
tion? According to what you taught us, or accord-
ing to the way I usually think about these things?”

Mazur further notes that though the audience and 
the requirements from universities have changed over 
time, many courses (even at the university level) have 
not changed much, both in terms of the approach and 
the material: 

“The way physics is taught in the 1990s is likely not 
much different from the way it was taught—to a 
much smaller and more specialized audience—
in 1890...Physics has become a building block for 
many other fields including chemistry, engineer-
ing and life sciences. As a result, the enrollment in 
physics courses has grown enormously, with the 
majority of students not majoring in physics...
While traditional methods of instruction have pro-
duced many successful scientists and engineers, 
far too many students are unmotivated by the 
conventional approach. What, then, is wrong with 
the traditional approach to introductory physics?”

Fifty years after its inception in 1968, the DP needs to 
look at making the programme more interdisciplinary 
than it currently is. A good starting point could be the 
extended essay, for instance. 

The continual process of reflection and improvement 
that the IB engages in to meet the dynamic needs 

of the 21st century is noteworthy in this context. 
Previously, for instance, interdisciplinary approaches 
and topics such as biotechnology were explicitly dis-
couraged as topics for the extended essay (Doherty, 
2010), perhaps because teachers did not have the 
expertise to supervise such a cross-disciplinary topic. 
However, the inclusion of topics such as nanotechnol-
ogy within the MYP (see appendix) is clearly an indica-
tion that the IB is already well on its way to being able 
to equip students with the knowledge, understand-
ing and skills needed in such Science Technology 
Engineering Mathematics (STEM) integration explora-
tions. 

Although in terms of curriculum and instruction the 
DP requires deep conceptual engagement fostered 
through an inquiry-driven approach, the end of course 
paper-based assessments continue to inform and 
shape classroom instruction as this accounts for a ma-
jor percentage of student grades in the programme. 
Even though the group 4 project in the sciences al-
lows for exploration and the opportunity to engage 
in scientific practices, the project currently carries zero 
weighting in the assessment. This highly student-
centred, real-world application-based project is com-
pulsory for all students studying a group 4 subject, 
regardless of course or diploma status, however, it 
does not currently contribute to a final grade. There 
is, however, huge potential in the group 4 project to 
meaningfully incorporate the NGSS within the DP. The 
DP assessments need to be reconsidered in a way that 
they provide sufficient scope and opportunities to in-
tegrate engineering, design and technology aspects 
through content, concepts and scientific practices. 

It is also important to bear in mind that while planning 
the engineering, design, technology aspect of the sci-
ence curriculum, the three dimensions of the NGSS 
(science and engineering practices, crosscutting con-
cepts, and disciplinary core ideas related to engineer-
ing) need to be considered together to see how en-
gineering is represented as a whole, in a “synergistic” 
fashion (Erickson, 2008). This will require science and 
mathematics teachers to plan the scientific inquiry to-
gether, since engineering, as interpreted in the NGSS, 
includes science and mathematics content, concepts 
and understanding. (Matrices of crosscutting concepts 
and disciplinary core ideas are available in appendix 1).
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“Although there are differences in how math- 
ematics and computational thinking are applied 
in science and in engineering, mathematics often 
brings these two fields together by enabling engin- 
eers to apply the mathematical form of scientific 
theories and by enabling scientists to use powerful 
information technologies designed by engineers. 
Both kinds of professionals can thereby accom-
plish investigations and analyses and build com-
plex models, which might otherwise be out of the 
question.” (NRC, 2012, p 65)

To effectively integrate the NGSS within the DP science 
curriculum, secondary teachers not only need to plan 
together, but also need to team-teach. Interdisciplinary 
and transdicsiplinary teaching, the hallmark of IB ed-
ucation (particularly in the PYP and the MYP), needs 
to be emphasized in the DP as well. Conceptually, the 
DP requires students to draw upon the knowledge 
and understanding of various disciplines (particular-
ly in theory of knowledge and the extended essay). 
However, purposeful and consistent lesson planning 
through interdisciplinary approaches that help per-
meate into meaningful interdisciplinary teaching and 
learning (in the same model that the teachers of PYP 
and the MYP follow) needs to be established within 
the DP as well. 
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Assessments in the IB and performance expectations in the NGSS 

It is essential to keep in mind that the fundamental dif-
ference between the IB and the NGSS does not come 
from a mismatch in philosophies of student learning, 
but rather from the fact that the purpose of IB assess-
ment and the NGSS performance indicators are dif-
ferent. The NGSS does not provide a “qualification” in 
the sense that the IB assessment does. The NGSS per-
formance indicators can inform and add value to the 
already existing holistic nature of IB assessment, but 
keep in mind that the IB strives for comparability and 
consistency of measurement as the key focus of IB as-
sessment. 

Bear in mind while reading this report (particularly, 
this section of the report) that the goal is to see how 
the NGSS student performance indicators fit within 
the overarching IB assessment philosophy, which al-
ready inculcate what the NGSS demand (and perhaps 
in most instances go beyond that). However, the key 
question and challenge is how each school engaging 
in the dual implementation can ensure students in the 
IB programme have the opportunity to demonstrate 
proficiency over the NGSS performance indicators. 

The NGSS philosophy, that all students should be pro-
vided with a wide range of learning engagements 
through which they can demonstrate their under-
standing of the performance expectations, deeply 
resonates with the IB philosophy. Activities that reflect 
science learning in the IB include:

•	 developing and refining models

•	 generating, discussing, and analysing data

•	 engaging in both spoken and written explana-
tions and argumentation

•	 reflecting on the student’s own understanding. 

The NRC (2014, p 3) highlights that the learning en-
gagements designed to assess the performance ex-

pectations in the NGSS will need to have the following 
characteristics (Conclusion 4–1):

•	 include multiple components that reflect the con-
nected use of different scientific practices in the 
context of interconnected disciplinary ideas and 
crosscutting concepts

•	 address the progressive nature of learning by pro-
viding information about where students fall on 
a continuum between expected beginning and 
ending points in a given unit or grade

•	 include an interpretive system for evaluating 
a range of student products that are specific 
enough to be useful for helping teachers under-
stand the range of student responses and provide 
tools for helping teachers decide on next steps in 
instruction.

In terms of assessments, the IB notes that every school 
needs to have systems in place to ensure that all stu-
dents can demonstrate a consolidation of their learn-
ing through the completion of the PYP exhibition, the 
MYP personal project (or community project for pro-
grammes that end in MYP year 3 or 4), the DP extended  
essay and the IBCC reflective project, depending on 
the programme(s) offered (IBO, 2014).

Teachers in the IB programmes need to engage in pur-
poseful and critical analysis of how this will impact both 
the assessment for learning (formative assessment) 
and assessments of learning (summative assessment) 
within the IB programmes. Summative assessments 
are aimed at determining the level of achievement of 
a student, generally at the end of a course of study (in 
the DP), and formative assessments are aimed at iden-
tifying the learning needs of students and form part of 
the learning process itself (IBO, 2004, p 3). 

In this sense, the constructivist philosophy fostered 
through classroom discussions and practised in IB class-
rooms (across the continuum) becomes a critical com-
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ponent of formatively assessing the NGSS perform- 
ance expectations. As noted by the NRC (2014, p 95), 
formative assessments: 

“provide a way for students to engage in scientif-
ic practices and for teachers to instantly monitor 
what the students do and do not understand. That 
is, the assessment, which is intended to be forma-
tive, is conducted through the teacher’s probing 
of students’ understandings through classroom 
discussion. The discussion shows how students en-
gage in several scientific and engineering practices 
as they construct and defend their understanding 
about a disciplinary core idea”. 

In terms of summative assessments, teachers will need 
to recognize that while some assessments may pro-
vide the opportunity for students to demonstrate 
mastery over more than one performance indicator, 
other instances may call for more than one assessment 
task to be conducted to demonstrate adequately the 
mastery of one performance indicator. Assessing the 
disciplinary core ideas and scientific practices may also 
require the same to be assessed in more than one dis-
ciplinary context (NRC Conclusion 2–4, p 46). Such op-
portunities also form the basis for the development 
of assessments of three-dimensional science learning. 
As given below, the approaches to learning (ATL) skill 
categories mapped with the MYP skill clusters, juxta-
posed with the  NGSS bring forth the alignment with 
much clarity:

Although it is acknowledged that assessment across 
the IB continuum offers the scope and flexibility to 

incorporate the NGSS in multiple ways, it is also ac-
knowledged that consistent and effective integra-
tion of three-dimensional science learning will require 
“more than a one-to-one mapping between the per-
formance expectations and assessment tasks” (NRC 
Conclusion 2–4, p 46). What may also be required is a 
systematic evaluation of the current assessment prac-
tices within the IB programmes in order to highlight 
the pragmatic challenges associated in integrating 
the NGSS performance expectations within IB assess-
ments.

The approach of “three-dimensional science learn-
ing” (NRC, 2012, p 123) recommended by the NGSS re-
fers not only to the process of learning that happens 
through the integration of these dimensions, but also 
to the kind of “thinking and understanding that sci-
ence education should foster”. It also calls for the in-
tegration of classroom practices that make “thinking 
visible”—the opportunity for teachers and students to 
see through the process of how learning occurs—dur-
ing the learning engagements. 

More broadly, a system of assessments will be need-
ed to measure the NGSS performance expectations 
and provide students, teachers, administrators, policy  
makers, and the public with the information needed 
about student learning (NRC Conclusion 6–1).

The development of scientific ideas is not a linear pro-
cess. Scientific ideas are generated through an itera-
tive refinement of inquiries and ideas through which 
evidenced-based reliable knowledge of the world is 
built. The synergistic and iterative process of scientific 
inquiry as proposed by both the IB and the NGSS is 
demonstrated in figure 17. 

To develop the skills and dispositions required to use 
scientific and engineering practices to further their 
learning and to solve problems, students need to ex-
perience instruction in which they: 

•	 use multiple practices in developing a particular 
core idea 

•	 apply each practice in the context of multiple 
core ideas. 

Effective use of the practices often requires that they 
be used in concert with one another, such as in sup-

Figure 16: A comparison between ATL skill categories and 
MYP skill categories
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Figure 17: Science flowchart (Understanding science, 2016)

porting explanation with an argument or using math-
ematics to analyse data (NRC Conclusion 4–2). 

The following sections analyse the implication of this 
approach within the assessment component of each 
of the IB programmes.

Assessment in the PYP and the 
NGSS
The PYP philosophy that science education is charac-
terized by concepts and skills rather than just the con-
tent complements the three-dimensional approach 
promoted by the NGSS. According to the PYP assess-
ment philosophy:

“Assessment is the gathering and analysis of in-
formation about student performance. It identi-
fies what students know, understand, can do and 
feel at various stages in the learning process.” (IBO, 
2007) 

Since all science learning in the PYP takes place with-
in the framework of the six transdisciplinary themes, 

a useful approach to integrating the NGSS would be 
to map PYP transdisciplinary themes to the disciplin- 
ary core ideas from the NGSS. The knowledge and 
the application of science, enhanced by inquiries into 
the central ideas as defined by the transdisciplinary 
themes, provide a holistic approach to science educa-
tion within the PYP. 

The knowledge component of science in the PYP ex-
plored through the four strands—living things, Earth 
and space, materials and matter, forces and energy—
offers immense potential to incorporate and assess the 
disciplinary core ideas articulated by the NGSS—the 
physical sciences; the life sciences; the Earth and space 
sciences; and engineering, technology and applica-
tions of science. Using the NGSS evidence statements 
as starting points to design PYP summative assess-
ments could also be a useful strategy. 

Students in the PYP are provided with a wide range 
of opportunities to demonstrate their knowledge and 
understanding. These include, but are not limited to, 
portfolios, quizzes, presentations, role plays, tests, in-
terviews, reflection journals, class discussions, debates, 
and the culminating PYP exhibition (all of which are 
school-based and designed by teachers). The PYP also 
lays significant emphasis on exploiting occasions that 
present themselves for student-initiated spontaneous 
science inquiries (IBO, 2011, p 10). 

As noted by the NRC (2012, p 91), to teach toward the 
NGSS performance expectations, teachers will need a 
sense of the likely progression at a more micro level, to 
answer such questions as: 

•	 For this unit, where are the students expected to 
start, and where should they arrive? 

•	 What typical intermediate understandings emerge 
along this learning path? 

•	 What common logical errors or alternative con-
ceptions present barriers to the desired learning or 
resources for beginning instruction? 

•	 What new aspects of a practice need to be devel-
oped in the context of this unit? 

While teachers are brainstorming the anticipated 
teacher questions or provocations when developing 
a PYP unit of inquiry and the programme of inquiry, 
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some questions can specifically be targeted towards 
addressing and incorporating the standards. Teacher 
questions serve as an opportunity for teachers to 
model inquiry for students. Articulating teacher ques-
tions in this manner in the unit of inquiry and the pro-
gramme of inquiry also facilitates the vertical and hori-
zontal alignment of the written, the taught, and the 
assessed curriculum. 

“Students at any grade level should be able to ask 
questions of each other about the texts they read, 
the features of the phenomena they observe, and 
the conclusions they draw from their models or sci-
entific investigations. For engineering, they should 
ask questions to define the problem to be solved 
and to elicit ideas that lead to the constraints and 
specifications for its solution.” (NRC, 2012, p 56).

The student questions or provocations then serve as 
the starting point of scientific investigations that em-
bed the engineering design practices of the NGSS. (A 
typical example of how this has been developed by 
a group of grade 3 teachers in the PYP is available in 
appendix 2). 

The NGSS performance indicators being articulated 
as grade bands (K–2, 3–5 and so on) offers the pos-
sibility for PYP teachers to plan and implement the 
standards within the elements of the PYP framework 
in a two-year time period. This level of flexibility might 
prove very useful as it helps to take into account lo-
cal and school-related contingencies while engaging 
in the dual implementation of the IB and the NGSS. 
Mapping the NGSS grade-level performance expecta-
tions against the PYP scope and sequence documents 
could be another useful approach in vertical and hori-
zontal articulation of both the taught and the assessed 
curriculum.

Assessment in the MYP and 
NGSS
The MYP emphasizes the need to organize learning in 
a way that students will become increasingly aware of 
the connections between subjects, content and the 
real world. Through a wide range of assessments (both 
school-based and examinations, summative via eAs-
sessments), students are given ample opportunities to 

demonstrate proficiency against criterion-referenced 
assessment indicators leading to the MYP Certificate 
and school-based records of participation. The school-
based assessments within the MYP (for years 1–3 of 
the programme) and the external examinations (for 
years 4 and 5 of the programme) help to bring about 
breadth, balance and rigour in the assessments. 

Scientific investigation through analytical and criti-
cal thinking promoted through an inquiry-based ap-
proach offers immense potential to assess not only 
the disciplinary core ideas, but also the scientific and 
engineering practices of the NGSS. The MYP science 
framework encourages scientific investigation and ex-
ploration through observation, research and experi-
ments implemented through individual, paired and 
group work. 

“As students mature, they are expected to expand 
their capabilities to use a range of tools for tabula-
tion, graphical representation, visualization, and 
statistical analysis. Students are also expected to 
improve their abilities to interpret data by identify-
ing significant features and patterns, use math-
ematics to represent relationships between vari- 
ables, and take into account sources of error. When 
possible and feasible, students should use digi-
tal tools to analyze and interpret data. Whether 
analyzing data for the purpose of science or en-
gineering, it is important students present data as 
evidence to support their conclusions.” (NGSS, ap-
pendix F). 

The MYP learning of science relies on “understanding 
and using the language of science” to communicate 
scientific information (IBO, 2011, p 15), thereby empha-
sizing the value of science learning beyond just learn-
ing the scientific terminology, also providing oppor-
tunities to assess the engineering design practices of 
the NGSS.

To solve engineering problems, engineers follow a ser- 
ies of steps called the “engineering design process” 
(Engineering is elementary, a curriculum provided by 
the Museum of Science, Boston).
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The engineering design cycle as proposed by the 
NGSS juxtaposed with the MYP design cycle (see fig-
ure 13a) highlights clearly the high degree of congru-
ence between the NGSS performance expectations 
and the MYP science aims and objectives. This is fur-
ther substantiated through the philosophy of science 
learning across the IB continuum that promotes stu-
dent engagement in scientific inquiry, collection of 
accurate information, analysing information, offering 
explanations and refining understanding. 

It is impossible to evaluate the three dimensions of the 
NGSS through one-dimensional assessments. The MYP 
assessment criteria (IBO, 2015a, p 2) succinctly brings 
forth the possibility of assessing three-dimensional sci-
ence learning through the following unique descrip-
tors that teachers use to make judgments about stu-
dents’ work.

Criterion A: Knowing and understanding. Students 
develop scientific knowledge (facts, ideas, concepts, 
processes, laws, principles, models and theories) and 
apply it to solve problems and express scientifically 
supported judgments. 

Criterion B: Inquiring and designing. Students de-
velop intellectual and practical skills through design-
ing, analysing and performing scientific investigations. 

Criterion C: Processing and evaluating. Students 
collect, process and interpret qualitative and/or quan-
titative data, and explain conclusions that have been 
appropriately reached. 

Criterion D: Reflecting on the impacts of science. 
Students evaluate the implications of scientific devel-
opments and their applications to a specific problem 
or issue. Varied scientific language is applied to dem-
onstrate understanding. Students should become 
aware of the importance of documenting the work of 
others when communicating in science.

MYP students thus have immense opportunities to ex-
perience both continuous formative assessments (with 
appropriate and timely feedback to improve learning 
and inform planning) and summative assessments (at 
the end of their course). Schools realize this vision by 
embedding a variety of assessments such as projects, 
exhibitions, oral presentations, performances, demon-
strations, written papers and essays. It is evident that 
each of these approaches offers immense possibil- 
ities to integrate and assess all three dimensions of the 
NGSS within the MYP in a meaningful and rigorous 
way. 

Imagine

Plan

CreateImprove

Ask

The Goal

Figure 18: Engineering is Elementary, 
Museum of Science, Boston
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ASK: What is the problem? How have others approached it? What are your constraints?

IMAGINE: What are some solutions? Brainstorm ideas. Choose the best one.

PLAN: Draw a diagram. Make lists of materials you will need.

CREATE: Follow your plan and create something. Test it out!

IMPROVE: What works? What doesn’t? What could work better? Modify your design to make it better. Test it out!



The values and applications of morality, ethics, cul-
ture, politics, environment and sociology permeate 
the MYP sciences through meaningful and real-world 
exploration (IBO, 2015a). In this sense, and as already 
highlighted in this report, the MYP offers immense 
possibilities for incorporating the three dimensions of 
the NGSS through inquiry-based authentic learning 
projects. 

The NRC also recommends the meaningful incorpor- 
ation of computer-based technology within perform 
ance assessments:

“When appropriate, computer-based technology 
should be used to broaden and deepen the range 
of performances used on these assessments.” 
(Recommendation 6–2)

In this area, the MYP eAssessments and ePortfolios 
seem to offer the required scope and potential to in-
corporate the philosophy of the NGSS to to offer more 
authentic and engaging scenarios by incorporating 
technology-based assessments. The following table 
(IBO, 2016, p 39) brings forth this alignment of philoso-
phy and practice of the NGSS and the MYP.

Figure 19: MYP sciences examination blueprint  
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Assessment in the DP and 
NGSS 
While it can be argued that the science courses in the 
DP offer the scope and potential of realizing the com-
plex and in-depth performance expectations as articu-
lated by the NGSS, the DP also poses some significant 
pragmatic challenges in the dual implementation. The 
overarching issues in implementing the NGSS within 
the DP can broadly be identified as follows:

•	 Although the DP sciences have the potential to 
embed the three-dimensional approach re-
quired by the NGSS, perhaps this is currently not 
achieved consistently and coherently.

•	 With regards to the engineering component, 
although it is impossible to achieve the IB philoso-
phy of learning by doing without embedding the 
EDP, this is perhaps not articulated as evidently 
as it should be to meet the requirements of the 
NGSS.

•	 There is very limited opportunity to explore the 
Earth and space sciences, although this is possible 
via the DP geography course.

In this context it becomes paramount to recognize the 
holistic nature of the DP, fostered particularly through 
the components of the extended essay (discussed earl- 
ier) and theory of knowledge (TOK). The overall aim of 
TOK, to encourage students to formulate answers to 
the question “how do you know?” in a variety of con-
texts, allows students to develop an enduring fascina-
tion with the richness of knowledge. The aims of the 
TOK course are to:

•	 make connections between a critical approach 
to the construction of knowledge, the academic 
disciplines and the wider world

•	 develop an awareness of how individuals and 
communities construct knowledge and how this 
is critically examined

•	 develop an interest in the diversity and richness of 
cultural perspectives and an awareness of per-
sonal and ideological assumptions

•	 reflect critically on their own beliefs and assump-
tions, leading to more thoughtful, responsible and 
purposeful lives

•	 understand that knowledge brings responsibil-
ity which leads to commitment and action. (IBO, 
2014c)

Each of the above aims enables the realization of the 
NGSS performance indicators through many possibil- 
ities for scientific exploration, thereby questioning and 
developing scientific ways of knowing and reason-
ing based on evidence. Ideally, when a student opts 
for two or more sciences in the DP, the opportunity 
to demonstrate mastery over the NGSS performance 
expectations seems to be more realistic. Students who 
pursue more than one science course in the DP will 
have the opportunity to demonstrate mastery in the 
NGSS performance expectations in a more complex 
and in-depth manner. DP group 4 sciences include:

•	 biology

•	 computer science

•	 chemistry

•	 design technology

•	 physics

•	 sports, exercise and health science 

•	 environmental systems and societies (SL only).

Students who have followed the MYP in the dual im-
plementation model will have a great advantage of 
being better prepared for the depth and rigour of the 
DP and the NGSS. 

The development of communication skills and the 
understanding of the language of sciences are funda-
mental for understanding and learning science; this 
fact is acknowledged by both MYP science and DP 
group 4 experimental sciences (IBO, 2011, p 32).

However, the course selection criteria available for DP 
students may result in some students taking only one 
science subject, and it is not only unrealistic but also 
against the vision of the NGSS that all of the perform- 
ance indicators should be assessed within one science 
discipline. This will mean that much of the NGSS per-
formance expectations need to be covered in grades 9 
and 10 if all students need to demonstrate proficiency 
in these. Other pragmatic challenges include the fact 
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that DP science teachers often teach only one of the 
IB courses and are often qualified only in one of the 
sciences. This poses some serious challenges in terms 
of teacher readiness and professional development in 
moving towards a more interdisciplinary approach as 
required by the NGSS. 

The formal assessment of the DP includes, but is not 
limited to, multiple-choice tests (for a few subjects) 
and examination papers (for most subjects), and is in-
tended to be taken at the end of the two-year course. 
A variety of other tasks (essays, research essays, writ-
ten assignments, oral interviews, scientific and math-
ematical investigations, fieldwork projects and artis-
tic performances) spread over different subjects and 
completed by students at various times under various 
conditions during their course offer much potential 
to incorporate the NGSS performance expectations 
within DP assessments. The notion of scientific inquiry 
guided by student curiosity and questioning, through 
an iterative refinement of practices is also recom-
mended by the NRC:

“Students should have opportunities to plan and 
carry out several different kinds of investigations 
during their K–12 years. At all levels, they should 
engage in investigations that range from those 
structured by the teacher—in order to expose an 
issue or question that they would be unlikely to ex-
plore on their own (e.g. measuring specific proper-
ties of materials)—to those that emerge from stu-
dents’ own questions.” (NRC, 2012, p 61)

A useful starting point would then be for teachers to 
map out connections between the IB assessment ob-
jectives and the NGSS performance expectations. (see 
figure 20)

IB assessment objectives NGSS connections in a performance expectation
1.	 Demonstrate knowledge and understanding of:
         •	 Facts, concepts, and terminology
         •	 Methodologies and techniques
         •  	 Communicating scientific information

2.	 Apply:
         •	 Facts, concepts, and terminology
         •	 Methodologies and techniques
         •	 Methods of communicating scientific  
                   information

3.	 Formulate, analyse, and evaluate:
         •	 Hypotheses, research questions, and  
                  predictions
         •	 Methodologies and techniques
         •	 Primary and secondary data
         •	 Scientific explanations

Figure 20: Mapping IB assessment objectives and NGSS performance expectations
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This assessment objective for DP sciences places a 
clear emphasis on critical questioning by requiring that 
students “formulate, analyse, and evaluate hypotheses, 
research questions, and predictions; analyse and evalu-
ate methodologies and techniques, primary and sec-
ondary data, and scientific explanations”. Additionally, 
the evidence and reasoning embedded within good 
scientific questions relates to other DP assessment ob-
jectives as a means for students to demonstrate their 
knowledge, understanding, and application of con-
cepts and methodologies.

Developing and using models 

“Science often involves the construction and use of 
a wide variety of models and simulations to help 
develop explanations about natural phenomena. 
Models make it possible to go beyond observables 
and imagine a world not yet seen. Models enable 
predictions of the , “if … then … therefore,” to be 
made in order to test hypothetical explanations. 
Engineering makes use of models and simula-
tions to analyze existing systems so as to see where 
flaws might occur or to test possible solutions to a 
new problem. Engineers also call on models of var-
ious sorts to test proposed systems and to recog-
nize the strengths and limitations of their designs.” 
(NRC, 2012)

Models are a powerful tool for students to communi-
cate their thinking about how and why phenomena 
occur. In high school, NGSS define modelling as going 
beyond representing a phenomenon or problem, and 
having explanatory or predictive value. The empha-
sis on modelling is conceptual, rather than physical; 
models can take many forms, including physical, math-
ematical, and conceptual. 

While the development and use of models is not ex-
plicitly called for in DP science aims and objectives, 
some of the conceptual underpinnings of this practice 
(for example, communicating the connection of con-
cepts and ideas to a phenomenon) are clearly inherent 
in the DP assessment objectives and group 4 aims. DP 
assessment objectives 1 and 2 ask that students dem-
onstrate and apply their knowledge and understand-
ing of ideas as well as methodology, including the 

communication of scientific information. Assessment 
objective 3 asks that students formulate predictions, 
hypotheses, and research questions, and evaluate data, 
explanations, and predictions, which are integral com-
ponents of modelling as a science and engineering 
practice. 

Moreover, as science and engineering are often con-
cerned with using what is known or observed to con-
struct viable explanations or arguments, modelling is 
directly related to some of the group 4 aims, such as 
“acquire, apply, and use a body of knowledge, meth-
ods, and techniques that characterize science and 
technology” and “develop an ability to analyse, evalu-
ate, and synthesize scientific information”. 

Planning and carrying out  
investigations 

“Students should have opportunities to plan and 
carry out several different kinds of investigations 
during their K–12 years. At all levels, they should 
engage in investigations that range from those 
structured by the teacher—in order to expose an 
issue or question that they would be unlikely to ex-
plore on their own (e.g. measuring specific proper-
ties of materials)—to those that emerge from stu-
dents’ own questions.” (NRC, 2012, p 61) 

Knowing how to turn a question into an investigation 
that can produce evidence to answer that question is 
fundamental to science and engineering. The NGSS 
stress student understanding and demonstration of 
both the “how” and “why” of investigations, asking 
students to consider the relationships between data, 
evidence, and the question at hand; the reliability, pre-
cision, and limitations of data resulting from an inves-
tigation; the relationship between investigations and 
the other science practices; and the ethical and social 
considerations of investigative work in science. This is 
central to all of the DP science courses, as suggested 
by the aims “develop experimental and investigative 
scientific skills, including the use of current technolo-
gies”, and “become critically aware, as global citizens, of 
the ethical implications of using science and technol-
ogy”. 
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Additionally, several of the assessment objectives are 
directly related to this practice. Objectives 1, 2 and 3 all 
ask students to demonstrate, apply, and evaluate their 
knowledge and understanding of methodologies, 
techniques, and concepts (for example, evidence), 
which are paramount to proficient demonstration of 
this practice at the high school level. 

Analysing and interpreting 
data 

“As students mature, they are expected to expand 
their capabilities to use a range of tools for tabula-
tion, graphical representation, visualization, and 
statistical analysis. Students are also expected to 
improve their abilities to interpret data by identify-
ing significant features and patterns, use math-
ematics to represent relationships between vari- 
ables, and take into account sources of error. When 
possible and feasible, students should use digital 
tools to analyze and interpret data. Whether ana-
lyzing data for the purpose of science or engineer-
ing, it is important students present data as evi-
dence to support their conclusions.” (NGSS, 2012, 
appendix F)

Scientific understanding is predicated on the ability to 
organize data in ways that are supportive of finding re-
lationships and patterns within the data, and interpret-
ing those patterns in meaningful ways, grounded in 
scientific reasoning. In high school, the NGSS ask that 
students use appropriate tools and statistical method-
ologies to analyse the data, consider limitations of data 
analysis, compare various types of data sets for con-
sistency, and evaluate the impact of new data on ex-
isting working explanations, arguments, and models. 
DP science courses specifically intend for students to 
“develop an ability to analyse, evaluate, and synthesize 
scientific information” and “develop experimental and 
investigative skills including the use of current technol-
ogies”. Assessment objective 3 also asks that students 
be able to “analyse and evaluate primary and second-
ary data”, in addition to the relationship analysing data 
might have to modifying or revising explanations, ar-
guments, and models (also reflected in objective 3). 
Importantly, this practice has a direct relationship to 
mathematics, by emphasizing the role of statistical 

methods and mathematical concepts related to organ-
izing and identifying patterns (for example, graphical 
displays, mathematical functions designed to fit data 
sets). This is one clear opportunity for students to “de-
velop an understanding of the relationships between 
scientific disciplines and their influence on other areas 
of knowledge” (a group 4 aim). 

Using mathematics and  
computational thinking 

“Although there are differences in how math- 
ematics and computational thinking are applied 
in science and in engineering, mathematics often 
brings these two fields together by enabling engin- 
eers to apply the mathematical form of scientific 
theories and by enabling scientists to use powerful 
information technologies designed by engineers. 
Both kinds of professionals can thereby accom-
plish investigations and analyses and build com-
plex models, which might otherwise be out of the 
question.” (NRC, 2012, p 65)

Using mathematics and computational thinking is 
closely linked to quantitative evidence, and specifically 
to the other SEPs “developing and using models” and 
“analysing and interpreting data”. In high school, stu-
dents “use algebraic thinking and analysis, and a range 
of linear and non-linear functions including trigono-
metric functions, exponentials, and logarithms, and 
computational tools to analyse, represent, and model 
data” (National Academies Press 2012: 42). Students are 
responsible for creating and using simple computa-
tional simulations of phenomena, and testing math-
ematical/computational models to see if a model 
“makes sense” based on what is known about the 
natural world, and use appropriate mathematical units, 
quantities, and conversions in complex measurement 
problems tied to the real world. 

Like analysing and interpreting data, this practice is 
closely tied to DP aims and objectives relating to dem-
onstrating and applying tools to analyse and evaluate 
information, as well as developing an understanding 
of the relationship between science and mathematics. 
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Constructing explanations and 
designing solutions 

“Asking students to demonstrate their own under-
standing of the implications of a scientific idea by 
developing their own explanations of phenomena, 
whether based on observations they have made 
or models they have developed, engages them in 
an essential part of the process by which concep-
tual change can occur. In engineering, the goal is 
a design rather than an explanation. The process 
of developing a design is iterative and systematic, 
as is the process of developing an explanation or a 
theory in science.” (NRC, 2012, Pp 68–69) 

Explanations (in science) and solutions (in engineering) 
are the goals of inquiry. In high school, the NGSS ask 
that students construct explanations and design solu-
tions to problems that are “supported by multiple and 
independent student-generated sources of evidence, 
consistent with scientific ideas, principles, and theo-
ries” (NRC, 2012, appendix F). Students make claims 
about the relationships between variables, construct 
and revise explanations based on reliable evidence and 
knowledge of natural laws and theories, and evaluate 
how well evidence and reasoning supports a given ex-
planation. In engineering, students design, evaluate, 
and refine solutions to complex real-world problems 
based on evidence, prioritized criteria, and trade-offs. 

DP science courses emphasize students’ ability to 
evaluate and synthesize scientific information (a group 
4 aim) and apply and use a body of knowledge and 
methods that characterize science (a group 4 aim). 
Moreover, DP assessments in science include formulat-
ing, analysing, and evaluating scientific explanations 
(assessment objective 3). 

Engaging in argument from 
evidence 

“The study of science and engineering should pro-
duce a sense of the process of argument necessary 
for advancing and defending a new idea or an 
explanation of a phenomenon and the norms for 
conducting such arguments. In that spirit, students 
should argue for the explanations they construct, 
defend their interpretations of the associated data, 
and advocate for the designs they propose.” (NRC, 
2012, p 73) 

Critical evaluation and questioning of claims, evidence, 
and reasoning in a respectful way are paramount for 
success in science in global contexts. The NGSS asks 
that students use evidence and reasoning to make 
and defend claims and explanations, and respectfully 
critique, question, and evaluate those of their peers. 
Argumentation is inherently a vehicle for discourse in a 
variety of forms, and so supplies students with oppor-
tunities to develop scientific communication skills, in 
addition to deep critical thinking skills. In high school, 
students compare and evaluate competing arguments 
and design solutions, evaluate currently accepted ex-
planations and solutions to determine the merits of 
the arguments, and respectfully probe reasoning and 
evidence to provide and receive critiques of proposed 
explanations and arguments. 

Because argumentation involves both critical thinking 
about scientific information as well as effective com-
munication in scientific and engineering contexts, 
there are several points of overlap with DP features. 
Argumentation is intimately related to the analysis and 
evaluation of data, evidence, and scientific explana-
tions, as well as the application of concepts and com-
municating scientific information. 
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Obtaining, evaluating, and 
communicating information 

“Being able to read, interpret, and produce scien-
tific and technical text are fundamental practices 
of science and engineering, as is the ability to com-
municate clearly and persuasively. Being a critical 
consumer of information about science and engi-
neering requires the ability to read or view reports 
of scientific or technological advances or applica-
tions (whether found in the press, the Internet, or 
in a town meeting) and to recognize the salient 
ideas, identify sources of error and methodologi-
cal flaws, distinguish observations from inferenc-
es, arguments from explanations, and claims from 
evidence.” (NRC, 2012, appendix F)

This practice focuses on evaluating and communicat-
ing acquired information, with an emphasis on criti-
cal evaluation of the validity and reliability of claims, 
methods, and designs in the information. Additionally, 
students are responsible for communicating scien-
tific information in varied and appropriate ways, such 
as orally, graphically, mathematically, and in written 
forms. This is an important research skill set and a clear 
way for students to demonstrate and apply their un-
derstanding of the practice as well as scientific ideas, 
and this practice has a clear relationship to DP aims 
and assessment objectives relating to 21st century 
communication skills and the relationship between 
science and other disciplines. 

Group 4 aims and assessment 
objectives 

The DP group 4 project that focuses on scientific in-
vestigation also offers significant potential in terms of 
realizing some of the goals of the dual implementa-
tion. The group 4 project as an interdisciplinary activity 
requires students to draw on the knowledge, under-
standing and skills from a variety of disciplines in the 
DP. Hence, within the group 4 project, teachers can 
use the opportunity to strategically plan the integra-
tion of the three dimensions of the NGSS. 

The group 4 aims are explicitly broader than the per-
formance expectations of the NGSS, as they include 
global awareness, ethical implications, and cognitive 
reflection on the relationship between sciences and 
non-scientific disciplines. However, at their core, the 
group 4 aims are highly complementary to the ex-
pected outcomes of an NGSS-aligned programme of 
study. Both the DP and NGSS expect students to: 

•	 develop knowledge and skills around a wide 
range of scientific concepts and approaches

•	 know how and when to apply those skills and 
knowledge to make sense of the world 

•	 be critical, analytical, investigative, and evaluative 
when considering information 

•	 collaborate and communicate effectively.

Group 4 aim Examples of some possible relationships to the NGSS* 
Appreciate scientific study and  
creativity within a global context 
through stimulating and challenging 
opportunities 

Emphasis on real-world phenomena and problems; using three-
dimensional learning to explain and solve

Acquire a body of knowledge,  
methods, and techniques that  
characterize science and technology 

DCIs, SEPs, CCCs; three-dimensional performance expectations

Apply and use a body of knowledge, 
methods, and techniques that  
characterize science and technology

Three-dimensional learning and performance; integration of DCIs, 
CCCs, SEPs
Performance expectation: HS-PS1-1. Use the periodic table as a 
model to predict the relative properties of elements based on the 
patterns of electrons in the outermost energy level of atoms.  
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Group 4 aim Examples of some possible relationships to the NGSS* 
Develop an ability to analyse, 
evaluate, and synthesize scientific 
information

SEPs (specifically 4–8)
Example from NGSS practice matrix:
Construct and revise an explanation based on valid and reliable 
evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the 
assumption that theories and laws that describe the natural world 
operate today as they did in the past and will continue to do so in the 
future. 
Example from NGSS CCC matrix:
Classifications or explanations used at one scale may fail or need revi-
sion when information from smaller or larger scales is introduced; thus 
requiring improved investigations and experiments. 

Develop a critical awareness of 
the need for, and the value of,  
effective collaboration and 
communication during scientific 
activities

SEPs (specifically 7 and 8)
Example from NGSS practice matrix:
Respectfully provide and/or receive critiques on scientific arguments 
by probing reasoning and evidence, challenging ideas and conclu-
sions, responding thoughtfully to diverse perspectives, and determin-
ing additional information required to resolve contradictions. 

Develop experimental and  
investigative scientific skills  
including the use of current  
technologies

SEPs (1–8) 
Example from NGSS practice matrix:
Plan and conduct an investigation individually and collaboratively to 
produce data to serve as the basis for evidence, and in the design: 
decide on types, how much, and accuracy of data needed to produce 
reliable measurements and consider limitations on the precision of 
the data (e.g. number of trials, cost, risk, time), and refine the design 
accordingly. 
Example from CCC matrix:
Models (e.g. physical, mathematical, computer models) can be used 
to simulate systems and interactions—including energy, matter, and 
information flows—within and between systems at different scales. 

Develop and apply 21st  century 
communication skills in the study 
of science

SEPs
Example from practice matrix:
Communicate scientific and/or technical information or ideas (e.g. 
about phenomena and/or the process of development and the 
design and performance of a proposed process or system) in multiple 
formats (i.e. orally, graphically, textually, mathematically). 

Become critically aware, as global 
citizens, of the ethical implications 
of using science and technology

ETS; CCCs; DCIs; SEP 3

Develop an appreciation of the 
possibilities and limitations of  
science and technology

SEPs, CCCs, DCIs

Develop an understanding of the 
relationships between scientific 
disciplines and their influence on 
other areas of knowledge

CCCs; connections to CCSS; maybe SEP 4/8?
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* Note: these are only some examples of relationships 
that can be articulated between the NGSS and group 
4 aims. This chart is not intended to be comprehen-
sive or prescriptive, and educators should explore ad-
ditional and alternative relationships in their own ap-
proach to instruction and assessment.

Laying emphasis on the process involved in scientific 
investigation rather than the finished product provides 
students with the opportunity to mirror the work of 
real scientists. Exploring the possibility of incorporat-
ing aspects of NGSS-related courses not traditionally 
covered by the DP (such as the earth sciences and 
physical sciences) within the group 4 project could 
also be useful.  

However, the critical gap in the dual implementa-
tion seems to be the current unavailability of specific 
courses in the DP on engineering, and the Earth and 
space science components of the NGSS. While there 
is immense possibility to meaningfully integrate this 
within science courses currently available, this is more 
teacher-dependent rather than a course requirement, 
which can result in gaps and inconsistencies in the 
way this is interpreted and implemented. While some 
degree of mapping can be done for the disciplinary 
core ideas and DP sciences, the scientific and engin- 
eering practices and crosscutting concepts compon- 
ents of the performance expectations of the NGSS do 
not lend themselves to one-to-one comparisons with 
the current structure of the DP science courses. 

Other DP courses like design technology, informa-
tion technology in a global society and computer sci-
ence also offer immense potential to map out some 
meaningful pathways to meet the NGSS performance 
expectations (although this is again a possibility that 
needs further exploration). Students not opting for 
sufficient science courses in the DP will be required 
to explore the scope of theory of knowledge and the 
extended essay to meet the required performance in-
dicators. Teachers in the DP can work collaboratively 
with science teachers and DP coordinators to come up 
with a plan to guide students through this path. 

IB World Schools will also benefit from consulting 
the Accelerated NGSS Model Course Maps document 
to consider alternative options for how students can 
complete the high school performance expectations 

through multiple scheduling options for five-, four- 
and two-year models. (An overview of the accelerat-
ed pathways is available in National Academies Press 
[2015]). Another useful and time-saving approach to-
wards building a coherent path to implementing the 
three dimensions would be “bundling” which refers to 
the grouping of the NGSS performance expectations 
with respective evidence statements for the purposes 
of both instruction and assessment. However, there is 
no one optimal way to do this bundling, hence this 
once again calls for teacher collaboration, planning 
and professional development. 

The range of assessment systems practised in different 
states also come with their own strengths and weak-
nesses, highlighting that there can be no one-size-fits-
all formula in devising a universal best practice in de-
signing assessments. 

IB assessments incorporating 
the NGSS
Explicitly making connections between the discipli-
nary core ideas as recommended by the framework 
(such as using understandings about chemical interac-
tions from physical science to explain biological phe-
nomena [NRC, 2014, p 1]) needs considerable rethink-
ing in light of IB assessments (across the continuum). 
If science education needs to integrate the scientific 
practices, the disciplinary core ideas and the crosscut-
ting concepts through a coherent and “synergistic” 
(Erickson, 2008) approach in instruction and assess-
ment, it cannot be achieved through “minor tinkering” 
(NRC, 2014).

As already discussed earlier, IB assessments have much 
potential to incorporate the NGSS performance ex-
pectations. Adapted from the NRC (2000), Brunsell 
et al. (2014, p 56) provide a list of questions that give 
teachers guidance on modifying classroom investiga-
tions and in evaluating a science inquiry to align more 
closely to the NGSS:

•	 Do students identify their own scientifically ori-
ented questions or is a question given to them?

•	 Do students have an opportunity to determine 
what data should be collected and design  
methods to collect that data?
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•	 Does the learning engagement encourage 
students to seek out additional information, con-
nect to known science and/or share results with 
classmates?

•	 Does the learning engagement require students 
to make sense of data by generating an evi-
denced-based explanation to attempt to answer 
the questions?

•	 Does the scientific exploration provide an oppor-
tunity for students to engage in argumentation 
from evidence, justifying their explanations and/or 
critiquing the explanation of others?

The above questions offer some guidance on evaluat-
ing current assessments in the IB programmes to then 
consider how to embed the NGSS. The NRC (2014) 
committee also encourages that schools adopt a “bot-
tom up” approach rather than a “top down” one: 

“one that begins with the process of designing as-
sessments for the classroom, perhaps integrated 
into instructional units, and moves toward as-
sessments for monitoring. In designing these as-
sessment materials, development teams need to 
include experts in science, science learning, as-
sessment design, equity and diversity, and science 
teaching”. (Recommendation 4–2)

The team of experts mentioned needs to work along-
side experienced IB educators to construct meaningful 
assessments that reflect the breadth and the rigour of 
the IB and the NGSS. This will also require considerable 
investment in terms of time and planning (both short 
and long term):

“States will need to carefully lay out their priorities 
and adopt a thoughtful, reflective, and gradual 
process for making the transition to an assessment 
system that supports the vision of the framework 
and the NGSS. States should also build into their 
commissions adequate provision for the substan-
tial amounts of time, effort, and refinement that 
are needed to develop and implement the use of 
such assessments; multiple cycles of design-based 
research will be necessary.” (Recommendation 7–3) 
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Professional development

“What is of paramount importance in the pre-
university stage is not what is learned but learning 
how to learn … What matters is not the absorp-
tion and regurgitation either of fact or pre-digest-
ed interpretations of facts, but the development of 
powers of the mind or ways of thinking which can 
be applied to new situations and new presenta-
tions of facts as they arise.” (Peterson, 1972)

This quote by Alec Peterson sheds light on how the IB 
was conceived (almost 50 years ago) with the philoso-
phy and principles of real-world, inquiry-based con-
ceptual learning, all of which are the cornerstones of 
the NGSS. Reiterating this will establish the notion that 
the NGSS is not something totally new to the existing 
teaching and learning philosophy and practice in IB 
World Schools. 

Hence, an ideal starting point for professional devel-
opment in the NGSS would be to highlight the cor-
nerstone of IB education, promoting an inquiry-based 
approach to facilitate deep-conceptual engagement 
through real-life scenarios, achieved through the stu-
dent-centred approaches to teaching and learning as 
articulated by the IB.

Brunsell et al (2014) point out that professional devel-
opment in the NGSS needs to particularly address two 
specific areas: the first, curricular decisions and the sec-
ond, pedagogical development. Given that IB teachers 
are often well trained and comfortable in non-tradi-
tional classroom strategies this will be easier to imple-
ment in IB World Schools. However, there is not a but-
ton that can be pressed to make the transition for the 
dual implementation occur quickly. Also, one often-
heard comment from teachers after a quick glance 
at the NGSS is: “we already do all of this”. While the IB 
programmes resonate with many of the core elem- 
ents of the NGSS, it is worth reflecting on whether or 
not science instruction consistently targets all three di-
mensions and whether or not the assessments reflect 
the breadth and rigour of each of the three dimen-

sions. Professional development needs to be purpose-
fully integrated into teacher training in a way that it 
not only supports teachers during this transition, but 
also makes the process more consistent and sustain-
able. 

Teacher anxiety to some extent is understandable, 
but this can be reduced through strategic planning 
and administrative support. All stakeholders need to 
work cohesively towards building capacity in under-
standing and implementing the NGSS within the IB 
programmes. Needless to say, short-, medium- and 
long-term plans in bringing about capacity build-
ing and implementation need to be chalked out. 
Considerable time needs to be allowed for adminis-
trator and teacher orientation. In this sense, the most 
critical part of that support must come from adminis-
trators (McLaughlin and Marsh, 1978) since the energy, 
drive and enthusiasm needed to make the shot will 
depend on whether the administrators consider it im-
portant (Brunsell et al, 2014). 

Modelling of lessons by administrators and co-teach-
ing with teachers will be a very useful strategy. 

“To lead learning means to model a ‘learner-
centered’, as opposed to an ‘authority-centered’ 
approach to all problems, inside and outside the 
classroom.” (Senge et al, 2000, Pp 416–417)

Professional development should foster activities that 
allow teachers to collaborate, share, and discuss imple-
menting NGSS as a team. In a learner-centred environ-
ment, all people in the system are viewed as learners 
and act as learners. 

Parents will also need to be educated on the peda-
gogical shifts that will be evident in student learning. 
Particularly since one goal of A Framework for K–12 
Science Education and the NGSS is for there to be a 
move away from the “inch-deep, mile-wide” by identi-
fying a smaller set of coherent ideas that students can 
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explore in depth, most courses will need to be revised 
to reduce the number of topics that are covered each 
year. Parents will need to be educated about this “un-
burdening of the curriculum” so that the true vision of 
the NGSS can be realized. 

While there are already a number of professional de-
velopment resources available in print and online, 
an integral component in professional development 
workshops would be to help teachers understand the 
curriculum design principles that bind the core of the 
IB and the NGSS together. Explaining the structure of 
knowledge (Erickson, 2012) and the “synergistic” think-
ing facilitated through this structure in order to meet 
the factual and conceptual rigour of science learning 
so that what students know, understand and are able 
to do can be assessed through the NGSS performance 
expectations.

Another useful approach that professional develop-
ment facilitators can adopt to help teachers make con-
nections between the NGSS and the IB (particularly 
the PYP and MYP) would be to map out the common-
alities between PYP and MYP key and related concepts 
to the NGSS crosscutting concepts and design assess-
ments that best bring out this alignment. Some exam-
ples of this have been provided in this document. 

It will be helpful for professional development facilita-
tors to highlight the commonalities in the approaches 
of both the IB and the NGSS, but caution should be 
taken to ensure that this does not translate into a “tick 
the box” exercise. This approach also runs the risk of 
concepts being interpreted as topics, which is not the 
intention of either the IB or the NGSS. While the con-
cepts as identified in the PYP and the MYP are “mac-
ro concepts” (that provide breadth and connections 
across and between disciplines), the NGSS crosscut-
ting concepts are “micro concepts” in the sense that 
they give teachers and students the opportunity to 
explore the sciences in depth, while making it pos- 
sible to make connections between the various sci-
ence disciplines. 

Both the IB and the NGSS place value on the profes-
sional expertise of teachers, with each teacher bring-
ing their own experience, expertise, and perspective 
into the implementation. This will enable the imple-
mentation to be successful and enriching within its 
dimensions. It is not possible to enjoy, experience and 
reap the true benefits of three-dimensional learn-

ing through a one-dimensional “one-size-fits-all” ap-
proach. 

It is also important to bear in mind that while pro-
fessional development facilitators can work towards 
providing the necessary scaffolding and some effec-
tive pathways for engaging in the dual implementa-
tion, providing too many one-to-one mappings of the 
components of the IB and the NGSS should not disem-
power teachers from finding their own creative ways 
to explore the numerous pathways for bringing about 
the dual implementation effectively. 

Needless to say, states will need to include adequate 
time and resources for professional development so 
that teachers can be properly prepared and guided 
and so that curriculum and assessment developers 
can adapt their work to the vision of the framework 
and the NGSS (NRC, 2014, Recommendation 7–2). 
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Conclusion

The NGSS framework challenges the traditional ways 
in which science has been taught in schools, with no 
evident opportunities for students to explore scientific 
phenomena by engaging in scientific practices. The 
NGSS provide the scaffolding needed to meaningfully 
facilitate this exploration by tailoring engineering, de-
sign and technology lessons that bring forth the syn-
ergy between scientific explorations and mathemati-
cal concepts. While highlighting the potential of the IB 
curriculum framework within each of the programmes 
(PYP, MYP and DP) to incorporate the NGSS with intel-
lectual rigour and integrity, the study draws attention 
to the nuances of the challenges for each of the pro-
grammes in terms of this dual implementation in IB 
World Schools.

Through an inquiry-based approach to curriculum 
and instruction, the IB philosophy calls for teaching 
and learning to move beyond the regurgitation of fac-
tual content by empowering students to engage in 
deep conceptual understanding. Similarly, the NGSS 
strive to focus on a limited number of disciplinary core 
ideas and crosscutting concepts, so as to enrich the 
application of scientific practices and the understand-
ing of core scientific ideas, designed in a way that stu-
dents continually build on and revise their knowledge 
and abilities over multiple years. 

It is also important to note that according to the NRC, 
the goals of the NGSS framework are meant for all 
students and not just for those who want to pursue 
careers in science, engineering, or technology. It is be-
lieved that all students will benefit from the learning 
experiences generated by student-directed scientific 
explorations and the thought processes involved in 
the engineering, design aspects of the NGSS. (Further 
guidance on planning for inclusion is available in ap-
pendix 4). The requirement of the DP for all students 
to take a science course and a mathematics course 
plus TOK aligns with the NGSS goals. 

The NGSS emphasize the necessity of viewing engin- 
eering, design and technology in a broad sense com-

pared to the narrow view that IB World Schools cur-
rently adopt. Incorporating the engineering, design 
and technology requirement within the PYP will in-
volve a paradigm shift, moving from a structured in-
quiry methodology to a practice-based approach to 
inquiry. 

If the engineering design practices are to be explored 
by PYP students by personally engaging in scientific 
inquiry in each of the disciplinary core ideas, there 
seem to be considerable challenges for PYP schools 
initially in terms of time, resources and assessment. 
This is not to say that it is impossible for schools to in-
tegrate meaningfully engineering, design and tech-
nology within the PYP, but rather to acknowledge 
the need for focused professional development for 
teachers. Schools also need to set aside quality time 
to understand and develop a sustainable plan towards 
realizing the vision of the NGSS. 

The study highlights the potential of the MYP in being 
able to integrate the engineering design aspects more 
efficiently than the other two IB programmes (PYP and 
DP). The MYP design cycle complements the cycle of 
research and design that is at the centre of learning in 
a STEM-based approach to the study of engineering 
and design, and offers immense possibilities for incor-
porating the NGSS through inquiry-based, authentic 
learning projects to integrate engineering, design and 
technology. 

Through the various options available in the DP (such 
as design technology, information technology in a 
global society and computer science) the potential for 
meaningful integration of the NGSS is both feasible 
and logical. However, the need for considerable shifts 
in terms of curriculum redesign through interdisciplin- 
ary approaches will need some significant attention. 
(An example of incorporating STEM and interdiscipli-
nary teaching within the DP course information tech-
nology in a global society is available in appendix: 5). 
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Through a “synergistic” approach of factual and con-
ceptual engagement, the DP geography course, be-
cause it is highly conceptual in nature, provides the 
opportunity to explore topics concerning poverty re-
duction, gender equality, improvements in health and 
education and environmental sustainability, thereby 
offering the opportunity to incorporate the Earth and 
space science component of the NGSS. 

The study has also drawn attention to the need to re-
design the paper-based DP assessments to success-
fully integrate the practice-based engineering, design 
and technology requirements of the NGSS. Working 
by the principle of “backwards by design”, the ideal 
approach would then be to consider the NGSS as a 
vehicle for translating the IB curriculum framework 
into practice by keeping in mind the ultimate goals in 
terms of what the students should be able to “know, 
understand and do” (Erickson, 2008) at the end of each 
grade level. 

It is pertinent to note that the purpose of the relation-
ship study is not to engage in a “match making” exer-
cise between the IB philosophy and the NGSS. While 
the IB is a curricular framework and the NGSS are per-
formance expectations, teachers facilitating transition 
between the IB programmes engaged in the dual 
implementation will benefit from seeing the NGSS as 
moving schools one step closer (and a much-needed 
step) towards realizing the IB’s vision through measur-
able outcomes.

It is also important to recognize the high level of flexi- 
bility the NGSS afford educators and students in terms 
of meeting the standards. Although some creativity in 
approach and restructuring of instruction or internal 
assessments may be necessary, the mutually support-
ive goals and intentions of the DP and the high school 
NGSS performance expectations suggest a promising 
road ahead, albeit not one devoid of challenges.

While highlighting the high degree of congruence 
between the IB and the NGSS, the relationship study 
report also provides some question prompts to stim-
ulate dialogue and discussions to generate a deeper 
understanding of the sciences across the continuum 
in the IB. 

From these questions, further questions have been 
generated in order to provide a springboard for teach-
ers, administrators, curriculum developers and profes-
sional development facilitators who are engaged in 
the journey of the dual implementation. These ques-
tions include:

•	 In what ways does the teaching and learning of 
science in the IB programmes reflect the philoso-
phy of the NGSS and vice versa?

•	 To what extent do the attributes of the IB learner 
profile and approaches to teaching and learning 
help strengthen the dual implementation of the 
IB and the NGSS?

•	 How does implementation of the NGSS within 
the IB programmes help build the progression of 
essential science concepts, knowledge and skills 
within and between each of the programmes?

•	 Is there an understanding of the non-negotiable 
aspects in terms of the nature and approach of 
the teaching and learning of science across the IB 
continuum when implementing the NGSS?

•	 What measures have schools taken to help teach-
ers, students and parents understand the role and 
significance of adopting and implementing the 
NGSS?

•	 What measures has the school taken to dispel 
the myths and apprehensions in aligning to the 
NGSS?
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•	 What does student inquiry look like in PYP, MYP 
and DP science inquiry when aligning to the 
NGSS?

•	 Is there an understanding of how the specific fea-
tures within each of the IB programmes contrib-
ute to the three-dimensional teaching of science 
as recommended by the NGSS?

•	 How might the school ensure that scientific 
inquiry supports both the acquisition of language 
and the construction of meaning as recommend-
ed by the CCSS and the NGSS?

The effective implementation of the IB and the NGSS 
demands a “synergistic” interplay between science, 
technology, mathematics and the social sciences. In 
this sense it calls for a “systems thinking” approach 
(Fullan, 2005) within IB World Schools to implement 
this with intellectual integrity and rigour. This also 
highlights the need for considerable professional de-
velopment that is “sustained, job-embedded, collegial, 
integrative, practical and results oriented” (Fogarty 
and Pete, 2010) in meeting this demand.

As highlighted at the beginning of this report, the 
overarching goal of both the IB and the NGSS is mov-
ing beyond the teaching and learning of science as a 
body of factual information to fostering scientific in-
quiry (aimed at deep conceptual engagement) and 
is an area of powerful synergy between the two. The 
NGSS only reinforce and strengthen the IB’s philoso-
phy and practice of curriculum and instruction ever 
since its inception in 1968. This can serve as a great 
starting point for teachers to begin unpacking and im-
plementing them. 
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Appendix 2: Sample lesson idea—grade 3 invention  
convention, PYP

PYP and NGSS engineering design cycle

Ms Machacek and M. Spring are PYP teachers. Grade 3 invention convention is an annual project they have 
designed to provide students with the opportunity to draw upon thinking, creativity and engineering design 
within the PYP transdisciplinary theme of “Where we are in place and time”. PYP key concepts identified for the 
project are form, function and causation. 

For this project, students are required to identify a need or real-life problem that could be solved by designing 
a new invention or by modifying an already existing invention. Once students go through the iterative process 
of problem-solving, they arrive at a possible design of their “invention”. Students then build and test their inven-
tion (engineering design cycle). The project also incorporates a literacy component as students communicate 
and publish their thinking to support their invention work (for example, posters, labelled diagrams, newspaper 
articles, technology pieces, iMovie, PowerPoint, and so on).

Students present their inventions at the convention, along with (student-written) newspaper articles featuring 
their inventions and descriptive posters. All efforts are presented to “patent officers” and the aim is to persuade 
the officers that their invention is worthy of being “patented”.

As well as providing a platform to demonstrate many of the IB learner profile attributes (thinkers, inquirers, risk-
takers and communicators) in action, it is a great opportunity for the students to bring together all of the trans-
disciplinary skills of the PYP (thinking, social, research, communication and self-management) along with the 
opportunity to go through the engineering design cycle as proposed by the NGSS. 

The project brings together innovation, entrepreneurship, engineering design cycle and literacy all within the 
PYP framework, yet seamlessly aligned to the NGSS. Future modification for the projects could be to identify the 
NGSS performance indicators that relate to the project. 
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Appendix 3: Crosscutting concepts—student prompts
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Appendix 4: Crosscutting concepts—planning for inclusion
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Appendix 5: Sample lesson idea—DP STEM integration in robotics

Engineering design cycle through an interdisciplinary approach

Ms Sherifa teaches DP information technology in a global society (ITGS). She designed the robotics component 
of the ITGS HL course with the specific aim of integrating control engineering (mechanical, electrical, electronics), 
computer science and technology with maths and science. Her goal was to encourage students to engage in a 
STEM-integrated learning experience, and to encourage her students to become engineers like herself. 

In the robotics course, students explore diverse techniques and make effective use of an appropriate range of 
basic and complex skills to create solutions for authentic situations. The level of complexity ranges from simple 
LEGO Mindstorm kits to more complex systems such as TETRIX. Students work in teams to brainstorm, build 
robotic systems, and troubleshoot different designs, thereby going through the iterative process of the engineer-
ing design cycle of the NGSS. 

Throughout the course, while students acquire the knowledge and skills required to become the computer en-
gineers and the programmers of the future, they also learn how to engage their critical thinking skills in order to 
consider their roles and responsibilities as digital citizens, hence, they make informed decisions and judgments 
about the effects of technology development on individuals and societies. 

In addition, the course introduces students to computer programming and provides them with an understand-
ing of the basic concepts of computer science. She also sees this is as an excellent opportunity for students to 
develop their coding skills and to be equipped with the knowledge required for the IB computer science course. 
She gives below a quick snapshot of how the integration is made possible:

Science: 

Students develop the ability to identify specific phenomena in a system or factors that affect system perform- 
ance by doing the following:

•	 Applying the basic concepts of scientific experiment: Observation, hypothesis, prediction, experimentation, 
and conclusion

•	 Dealing with qualitative data

•	 Experimenting with concepts such as force, motion and speed

Mathematics: 

Students apply the basic concepts of mathematical equations in a more meaningful context. For example: 

•	 Calculating distance travelled based on the number of rotations of an axle and the diameter of a wheel at-
tached to the axle

•	 Calculating the speed and the acceleration

•	 Breaking down problems into smaller sections which lead to the basic concepts of programming
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Technology:

Students develop a better understanding of the meaning of input, process and output, multisensory. 

•	 With the use of different types of sensors, students learn how to apply their understanding of closed loop 
systems.

•	 A number of apps are now available to enable students to remotely control the robot using bluetooth 
technology.

•	 In addition, students learn to demonstrate their awareness of the social and ethical implications of the mis-
use of advanced technologies such as artificial intelligence to control such systems. 

Engineering: 

It is essential that students follow the engineering design cycle when they work on their projects within their 
groups. The stages—ask, imagine, plan, create and improve—are well documented by the students and are part 
of the assessment. Students document the stages in a digital portfolio with different artefacts that showcase the 
progress in the project. This provides evidence of authenticity and a basis for feedback and reflection.
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Appendix 6: Teacher resources
Next Generation Science Standards (NGSS) website: http://www.nextgenscience.org/

Illinois State Board of Education’s (ISBE) NGSS in Illinois website: http://www.isbe.net/ngss/default.htm

National Science Teachers Association (NSTA) NGSS website pages : http://www.nsta.org/about/standardsup-
date/default.aspx, http://www.nsta.org/about/standardsupdate/standards.aspx

Achieve Inc: http://www.achieve.org/next-generation-science-standards
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them, can help individuals and groups become responsible members of local, national and global communities.

3

We nurture our curiosity, developing skills for inquiry and 
research. We know how to learn independently and with others. 
We learn with enthusiasm and sustain our love of learning 
throughout life.

We develop and use conceptual understanding, exploring 
knowledge across a range of disciplines. We engage with issues 

We use critical and creative thinking skills to analyse and take 
responsible action on complex problems. We exercise initiative in 
making reasoned, ethical decisions.

listening carefully to the perspectives of other individuals and 
groups.

We act with integrity and honesty, with a strong sense of fairness 
and justice, and with respect for the dignity and rights of people 
everywhere. We take responsibility for our actions and their 
consequences.

We critically appreciate our own cultures and personal histories, as 
well as the values and traditions of others. We seek and evaluate a 
range of points of view, and we are willing to grow from the 
experience.

We show empathy, compassion and respect. We have a commit-

lives of others and in the world around us.

well-being for ourselves and others. We recognize our interde-
pendence with other people and with the world in which we live.

We thoughtfully consider the world and our ideas and experience. 
We work to understand our strengths and weaknesses in order to 
support our learning and personal development.

We approach uncertainty with forethought and determination; 
we work independently and cooperatively to explore new ideas 
and innovative strategies. We are resourceful and resilient in the 
face of challenges and change.

IB learner pro�le

learner pro�le

The aim of all IB programmes is to develop internationally minded people who, recognizing their 
common humanity and shared guardianship of the planet, help to create a better and more peaceful world. 

As IB learners we strive to be:

learner pro�le
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