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Introduction

Savvas Learning Company has created Experience Science based on reforms-
based teaching and the latest in science education research.  In the reformed-
based, contemporary science classroom, science teachers often use the 5E and 
phenomena to align their teaching with the Next Generation Science Standards 
(NGSS). Specifically, science teachers often structure their lessons using the 5E 
model (Bybee et al., 2015). The Engage phase of the 5E provides the opportunity 
for science teachers to generate interest and curiosity by using a phenomenon. 
These 5E lessons engage students in Science and Engineering Practices (SEPs), 
and teachers help scaffold students’ learning to understand the Disciplinary 
Core Ideas (DCIs) and make connections to the Crosscutting Concepts (CCCs), 
thereby working towards the Performance Expectations (PE). While combining 
the 5E and phenomena to help scaffold students toward the three dimensions of 
the NGSS is powerful, where did all of these elements of contemporary science 
teaching come from? This white paper will explore reform efforts dating back 
to the Cold War era and how these reforms added elements to our contemporary 
understanding of effective science teaching that lay the foundation of the 
Experience Science Program. 

The Learning Cycle and the 5E 

Contemporary science education reform efforts are often traced back to Sputnik, 
the artificial satellite launched by the Soviet Union in 1957 (DeBoer, 2019). As 
a response to Sputnik and the space race, the United States invested resources 
in science education through the National Science Foundation and many other 
efforts (Rudolph, 2002; Wissehr et al., 2011). One result of these efforts became 
known as “the Alphabet Soup” science education curricular projects of the 1960s, 
so named because most of the curricular projects were acronyms (e.g., SCIS, 
BSCS, ESCP, CHEM study) (Kyle et al., 1982). 

In the late 1950s, theoretical physicist Robert Karplus became interested in 
science education. Karplus used the work of Jean Piaget in developmental 
psychology to help children better understand science (Fuller, 2003; Fuller & 
Hairline, 2013). His collaboration with J. Mryon Atkin (1962) resulted in the first 
iteration of the learning cycle (Bybee et al., 2006; Fuller, 2003). Karplus, along 
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with his colleague Hebert Thier, later wrote: “The plan of 
a unit may be seen, therefore, to consist of this sequence: 
preliminary exploration, invention, and discovery” 
(Karplus & Thier, 1967, p. 40). This approach was later 
named “The Learning Cycle” (Fuller & Hairline, 2013). 
Science Curricular Improvement Study (SCIS), one of 
the alphabet soup projects, used the learning cycle to 
structure the lessons in that program and was extensively 
studied by Karplus, Thier, and their colleagues (Fuller 
& Hartline, 2013; Lawson, 2013). In the mid-1970s, 
Karplus noticed teachers were having a difficult time 
understanding what “invention” and “discovery” meant 
and changed the names of the phases (Fuller & Hartline, 
2013). The learning cycle was further refined by Lawson 
(1988) and others. 

Today, the three phases of the learning cycle are often 
described as exploration, concept development (or concept 
introduction), and application (or concept application) 
(Brown & Abell, 2007; Maier & Marek, 2006). The 
exploration phase is where students often engage in 
a hands-on experience with the phenomenon. In the 
concept development phases, the teacher guides students, 
through questioning, to help them make sense of the 
concepts (Olson, 2009). In the application phase, students 
use what they have learned in a new situation (Brown & 
Abell, 2007).

The Biological Science Curriculum Study (BSCS),  
another “alphabet soup” curricular project, received a 
grant from IBM in the mid-1980s (Bybee et al., 2015). 
Their charge was to design a new science and health 
curriculum for elementary schools (Bybee et al., 2015). A 
result of this project was the modification of the learning 
cycle by adding two new phases—the engage and the 
evaluate (Figure 1) (Bybee, 2006; Bybee et al., 2015).  
The revised learning cycle was called the 5E. As the name 

suggests, the 5E consists of five phases that all start with 
the letter e. In the engage phase, the teacher strives to 
engage students in the learning task to create interest, 
generate curiosity, and raise questions (Bybee et al., 2006; 

Bybee et al., 2015). The explore phase is where the teacher 
uses concrete experiences so students can interact with 
the phenomenon and examine their ideas (Bybee et al., 
2015). In the explain phase, the teacher helps students 
make sense of the exploratory experiences by directing 
students’ attention to significant aspects of the experience 
and scaffolds students’ thinking through the use of open-
ended questions. Importantly, while the explain phase can 
include some teacher explanations (Bybee et al., 2015), 
the purpose is to help students develop explanations 
of the scientific phenomenon. The purpose of the 
elaboration phase is to help students transfer concepts 
and skills to a new context (Bybee et al., 2015). Finally, the 
evaluation phase is where teachers assess students’ level 
of understanding (Bybee, et al., 2006; Bybee et al., 2015). 
The Experience Science program from Savvas Learning 
Company uses the 5E in each experience, so students start 
with a hands-on, heads-on experience that provides the 
foundation for three-dimensional science learning as 
outlined in the NGSS.

. . . the purpose is to  
help students develop 
explanations of the  
scientific phenomenon. 

Figure 1: The Learning Cycle and the 5E

The Learning Cycle The 5E
Phase Purpose Phase Purpose

Engage Set context of the lesson, generate 
curiosity, raise questions, identify 
misconceptions

Exploration Provide concrete experiences with a 
phenomenon, test ideas 

Explore Provide concrete experiences with 
a phenomenon, test ideas

Concept  
Development

Seeks student sense-making from 
experience, provides new concepts when 
students are ready, rich discussion of ideas, 
uses evidence to support conclusions

Explain Seeks student sense-making from 
experience, provides new concepts 
when students are ready, rich 
discussion of ideas, uses evidence 
to support conclusions

Application Use new concept in a more complex 
situation

Elaborate Use new concept in a more 
complex situation

Evaluate Observes students as they apply 
new knowledge, assessment
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A Nation At Risk and the Standards 
Movement 

The standards movement is often traced back to a 1983 
report by the National Commission of Educational 
Excellence entitled “A Nation at Risk.” ANAR was often 
viewed as a response to the political and economic 
perception that the United States was no longer 
dominating the global marketplace (Kahle, 2007). The 
document was broadly influential within education and 
the general public because of the direct, yet colorful 
language (Kahle, 2007; Ravitch, 2010). For example, the 
report opened with,

“Our Nation is at risk … the educational foundations 
of our society are presently being eroded by a rising 
tide of mediocrity that threatens our very future 
as a Nation and a people. What was unimaginable 
a generation ago has begun to occur—others are 
matching and surpassing our educational attainments. 
If an unfriendly foreign power had attempted to impose 
on America the mediocre educational performance that 
exists today, we might well have viewed it as an act of 
war.” (National Commission of Education Excellence, 
1983, p.1)

ANAR resulted in two major changes. First, more than 
700 new policies were legislated in two years, many of 
which were aimed at increasing high school graduation 
standards. Second, a greater emphasis on competencies or 
what students should know when they graduate which led 
to the standards movement.

As a response to ANAR, the standards movement began  
in order to develop “clear-cut descriptions of what to 
teach” in each subject area (Zemelman et al., 2005). In 
1985, the year Halley’s Comet was visible from Earth, 
Project 2061 was created to reform science education by 
the time the comet returned in 2061. Project 2061’s goal 
was to “focus on what is essential to science literacy and 
to teach [fundamental science ideas] more effectively” 
by defining scientific literacy and producing a set of 
standards for all students to achieve scientific literacy 
(Rutherford & Algren, 1991, p. xvi). 

Building on Project 2061, the National Research Council 
created the National Science Education Standards 
(NSES) (1996), which outlined standards in four areas of 
science education: teaching, professional development 
of teachers, assessment, and science content. The NSES 
states, “The intent of the Standards can be expressed in 
a single phrase: science standards for all students” (NRC, 
1996, p. 2). The NSES strived to place more emphasis on 
teaching science through inquiry and guide students to 

understand fundamental science concepts and move away 
from verification activities and memorizing scientific facts 
(1996). 

In 2012, the National Academy of Sciences released “A 
Framework for K-12 Science Education: Practices, 
Crosscutting Concepts, and Core Ideas”. This document 
served as the foundation for the Next Generation 
Science Standards (NGSS). The shift to the NGSS had 
three major differences from the previous standards 
documents. First, the NGSS has much more emphasis on 
engineering. Second, the NGSS has a set of performance 
expectations (PEs) that embeds three dimensions: science 
and engineering practices (SEPs), disciplinary core ideas 
(DCIs), and crosscutting concepts (CCC). The SEPs refer to 
practices scientists use when they investigate the natural 
world and the practices engineers use when they design 
systems (National Research Council, 2012). The CCCs refer 
to concepts that have applications across all disciplines of 
science (National Research Council, 2012). While previous 
iterations of the standards do include, what we would call 
today, the SEPs, DCIs, and CCCs, the integration of the 
three into three-dimensional learning was a significant 
shift. Finally, the NGSS standards are fewer in number and 
more broadly phrased than previous science standards 
(Fulmer et al., 2018).  The Experience Science program 
was built with the NGSS in mind. Each experience is 
aligned with all three dimensions of the NGSS and each 
experience has explicit connections to the SEPs, CCCs, 
and DCIs so that students not only understand science but 
are able to do science and apply what they have learned.

Phenomena

Phenomena refers to observable events in the natural or 
designed world (Lowell & McNeill, 2019). Since the NGSS, 
phenomena-based learning has become an increasing 
emphasis in science education; however, it has been a 
part of education since Dewey (1938/1997) and Rousseau 
(1762/2023). For example, in Emile, or On Education, 
Rousseau (1762/2023) wrote, 

“Let us transform our sensations into ideas, but do 
not let us jump all at once from the objects of sense 

Each experience is aligned 
with all three dimensions of 
the NGSS.
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to objects of thought. The latter are attained by 
means of the former. Let the senses be the only 
guide for the first workings of reason. No book but 
the world, no teaching but that of fact. The child 
who reads ceases to think, he only reads. He is 
acquiring words, not knowledge…. Let him know 
nothing because you have told him, but because 
he has learnt it for himself. Let him not be taught 
science, let him discover it. If ever you substitute 
authority for reason he will cease to reason, he will 
be a mere plaything of other people’s thoughts.” 

Rousseau makes clear the value of exploring and making 
sense of natural phenomena, which he called “objects of 
sense” to encourage thinking and learning. These values 
are still present in contemporary approaches to science 
education. 

The re-emergence of phenomena is, in part, a response 
to teaching approaches that have used phenomena in 
discrete, disconnected ways (Lee & Gaplin, 2022). Lee 
& Gaplin (2022) argue that science teachers have often 
used phenomena narrowly and often in the context of the 
laboratory. Quinn (2021) echoes these notions when she 
writes,

“Traditional school science also introduces 
phenomena, through demonstrations and 
laboratory experiments. Usually, these are very 
specific and isolated events or processes, selected 
specifically to demonstrate the science to be 
learned. Too often the phenomena, and the details 
of them that students are expected to attend to, are 
neither approachable nor meaningful to students, 
having no apparent connection to their experience 
and interests. For students they represent another 
level of abstraction, why are we investigating this or 
measuring that?” (p. 848)

What, then, is a contemporary approach to phenomena?  
Phenomena, in the contemporary science classroom, are 
used to ground experiences in “real-world” contexts to 
help students recognize the relevance of their learning.  
Rather than an isolated event, phenomena can be 
included more systematically as a part of the science 
classroom (Lowell & McNeill, 2019). Two general types of 
phenomena are currently used in science lessons. The first 
is an “anchoring phenomenon” that starts the unit and is 
one where many scientific ideas are required to explain  
it (German, 2019; Penuel & Bell, 2016). The second is  
an “everyday phenomenon” that can be embedded into  
a 5E and tends to be connected to one scientific idea  
(Wilcox, 2022). The Experience Science program uses  
both anchoring phenomena and everyday phenomena  
to help students see connections between science and the 
real world. 

Conclusion

Savvas Learning Company has integrated anchoring 
phenomena, everyday phenomena, and the 5E to make a 
powerful program called Experience Science This program 
utilizes contemporary science teaching practices to 
scaffold students toward achieving the performance 
expectations in the NGSS. Each experience is highly 
connected to three-dimensional learning using science 
and engineering practices, crosscutting concepts, and 
disciplinary core ideas throughout. The Experience Science 
program is built for the contemporary science classroom 
to help all students succeed in science.
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