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These are new features of the revised Framework.  Every content standard area in each grade level or course includes 
a Conceptual Strand and Guiding Question.  These statements are consistently applied across all K-8 grade levels and 
in high school courses such as Physical Science and Biology. 

Rationale
Conceptual Strands are statements that express the unifying, “big ideas of science.”  The implicit goal of the Science 
Curriculum Framework is for all students to gain a thorough grasp of these fundamental concepts after completing 
their K-12 science program.

Guiding Questions are the focusing elements of the Science Curriculum Framework.  Their major purpose is to give 
teachers and administrators clearly defined targets that they can use to sharpen and inform instructional articulation 
across the K-12 science curriculum sequence.  It is expected that every high school graduates’ cumulative science 
experiences will prepare them to thoughtfully demonstrate an accurate understanding of the concepts embedded in 
every Guiding Question when they exit from any Tennessee K-12 science program. 

Implications for Science Teaching and Learning 
Although Conceptual Strands cut across all grade levels, their implementation will naturally vary according to
students’ age, developmental readiness, and complexity of the ideas embedded within a standard.  For example, the 
Conceptual Strand for Standard 4 – Heredity: “Plants and animals reproduce and transmit hereditary information 
between generations,” has significantly different learning implications for students in grade seven as compared with 
those enrolled in a high school Biology course.  

To illustrate how a Guiding Question might be applied to inform instruction, return to Standard 4 – Heredity.  The 
Guiding Question for this standard, “What are the principal mechanisms by which living things reproduce and 
transmit information between parents and offspring?” This Guiding Question would be consistently referenced as 
teams of teachers map an appropriate K-12 learning progression and plan their corresponding instructional programs.  

Grade Level and Course Expectations 
Changes

In the 2001 document, “Learning Expectations” for every standard were provided for each K-8 grade cluster (K-3, 4-5, 
6-8) and all high school courses. “Accomplishments” were added to offer additional guidance in developing 
curriculum that was appropriate for specific grade levels.  Both the Learning Expectations and Accomplishments
categories have been eliminated from the 2007 Framework and combined into Grade Level Expectations (GLE) for 
Grades K-8 and Course Level Expectations (CLE) for high school courses.  The K-8 GLEs are foundational in nature 
and prepare students to meet the CLEs established for mandatory high school courses.  Although they encompass 
topics from all three science areas, grades 6-8 include a specific content focus: grade 6/Earth and Space Science; grade 
7/Life Science;  grade 8/Physical Science.   
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Rationale
GLEs and CLEs, as the expressions imply, are clearly defined statements of what all students should know and be able 
to do upon completion of a particular grade level or course.  As such, they provide the major curriculum focus under 
each standard heading.  Careful attempts were made to avoid duplication of GLEs across grade levels, to place GLEs 
under the appropriate standard topic, and to organize the GLEs into logical and developmentally appropriate learning 
progressions.

Implications for Science Teaching and Learning 
Districts will find GLEs and CLEs to be valuable targets for achieving vertical, i.e., grade level to grade level, or grade 
level to high school course curriculum alignment.  Since GLEs and CLEs represent the fundamental goals for student 
learning, teachers should use them as their principal guide for instructional planning.  When consistently applied, this 
practice provides students with a carefully scaffolded set of learning experiences that offer maximum opportunity for 
them to attain the desired content goals in each standard area and to succeed on state assessments.

In the example we have been following for Standard 4, Grade 7  (figure 1), the first Grade Level Expectation in the set 
of four is: GLE 0707.4.1 “Compare and contrast sexual and asexual reproduction.”  Teachers would target this GLE 
through a set of carefully crafted learning activities (e.g., lab activities, direct instruction, demonstrations, visuals, etc.)
that would enable students to meet this learning goal.  Then, they would apply one or more of the Checks for 
Understanding described below to accurately determine if students could distinguish between sexual and asexual 
reproduction.

� Checks for Understanding (Formative and Summative) 
Change
�Checks for Understanding are new to the 2007 version of the TN Science Curriculum Framework. Every content 
standard for each grade level or course includes several Checks for Understanding. 

Rationale
Checks for Understanding provide “suggestions” for assessing student learning.  Formative assessments are typically 
embedded within a lesson or smaller unit of instruction.  Often, they are used to determine if a specific skill or bit of 
knowledge has been mastered or acquired by the student.  Such assessments provide immediate feedback that teachers 
can use to monitor ongoing student performance and inform instruction.  Summative assessments provide information 
about whether a student has met a particular Grade or Course Level Expectation.  The concept maps found in Figure 2 
illustrate the distinction between Formative and Summative Assessments. 

Implications for Science Teaching and Learning 
Fewer aspects of education have changed more during the past 15-20 years than assessment.  There is abundant 
research that demonstrates the importance and effectiveness of assessment as an aid to student learning.  Teachers 
who consistently and frequently “check for student understanding” by integrating formative assessments into their 



lessons obtain incremental, up-to-date feedback about the impact of their instruction on student learning.  This 
enables them to capitalize on their successes or make necessary changes in their instruction to enhance their student’s 
performance.  Summative assessments are necessary to make determinations as to whether a certain GLE or CLE has 
been met.  Both Formative and Summative assessments are integral components of the teaching and learning process.  

In the Tennessee Science Curriculum Framework there is not a one-to-one correspondence between GLEs/CLEs and 
the Checks for Understanding.  In the example we have been following for Standard 4, Grade 7 (figure 1), the second 
�Check for Understanding is: �0707.4.2 “Label and explain the function of different reproductive parts of a flower.”
As a formative assessment, students could be asked to create a Venn Diagram that compares and contrasts male and 
female plant reproductive structures. Additional Formative Assessments could be administered in subsequent lessons 
to determine if the foundation ideas needed to grasp the larger concept of plant reproduction were well understood.

Figure 2. Formative and Summative Assessment

For a summative assessment that corresponds to the Grade Level Expectation (GLE 0707.4.2) for this Check for 
Understanding, a teacher might require students to construct a fully labeled model that also describes the functions of the 
reproductive parts of a flower.  Alternately, a summative assessment, such as a lab practical, could be designed to 
simultaneously assess several related GLEs.

9
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State Performance Indicators 
Changes

The State Performance Indicator category was retained in the 2007 version of the TN Science Curriculum Framework.
While the category was maintained, many of the individual Indicators were reworded for the sake of clarity or to 
increase the level of rigor implied in the statement.  Also, some indicators were eliminated and others added. 

Rationale
State Performance Indicators provide the basis for student accountability.  SPIs have and will continue to be used by 
the state to prepare standardized test items that are aligned with corresponding Grade or Course Level Expectations.  

Implications for Science Teaching and Learning 
Since State Performance Indicators are the criteria for developing aligned state assessments, they should have little 
direct impact on instruction.  Testing companies use SPIs to develop test items that provide tangible evidence that the 
knowledge and skills described in the corresponding GLEs or CLEs for a particular Standard have been met by 
students.

Although the wording may differ slightly, there is a close correspondence between GLEs/CLEs and the SPIs in the 
Tennessee Science Curriculum Framework.  In the example we have been following for Standard 4, Grade 7 (figure1), 
GLE 0707.4.2 “Demonstrate an understanding of sexual reproduction in flowering plants” and SPI 0707.4.1 “Classify
various methods of reproduction as sexual or asexual” are very similar.  Teachers who focus their instruction on this 
GLE should, in essence, be preparing their students for success on the state assessment that includes items aligned 
with the corresponding SPI.  Suggestions for possible classroom assessments that measure student performance on 
this GLE are found under the Checks for Understanding. 

Unique Identifiers 
Changes

Every GLE, CLE, Check for Understanding, and SPI is assigned its own unique identification number.

Rationale
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This numbering system ensures that all persons who use or reference the Science Curriculum Framework will be 
absolutely clear as to the specific part of the document under consideration. 

Implications for Science Teaching and Learning 
A system that provides every GLE, CLE, Check for Understanding, and SPI with its own unique identification number 
creates a level of specificity that teachers can apply when they map curriculum, select instructional materials, design 
assessments, or interpret state assessment data.  As mentioned above, this system also supports clear lines of 
communication among all persons involved in providing standards-based instruction aligned with the TN Science 
Framework.

In the example we have been following for Standard 4, Grade 7 (figure1), the four digit number currently used by the 
state for reporting purposes for grade seven science (0707) is used in the GLE, Checks for Understanding, and SPIs. 

Standards Titles, Numbers, Topic Area Emphasis 
Changes

The major changes in the organization of the 2007 Science Framework are as follows:

• More clear and concise descriptors to identify standards, e.g., Content Standard: 7.0 Earth and Its Place in the 
Universe was changed to a simpler form, The Universe. 

• Life Science Standards K-8 and Biology: standards reduced from six to five.  Because of their topic similarity, 
Diversity and Adaptation among Living Things was combined with Biological Change to create the standard 
category, Biodiversity and Change. 

• Earth and Space Science Standards: standards reduced from four to three.  Because of their topic similarity, 
Earth Features was combined with Earth Resources to create the standard category titled, The Earth. 

• Physical Science Standards: standards reduced from five to four.  Because of their topic similarity, Structure and 
Properties of Matter was combined with Interactions of Matter to create the standard category called, Matter. 

• Consistent numbers of GLEs were maintained across most K-8 grade levels and within the three major content 
areas.  See the summary charts (figure 3 and Appendix A) for actual numbers. 

• In grades 6-8, the three major content areas continue to be represented, but the content focus was shifted.
Earth and Space Science is now the dominant area in grade 6; Life Science in grade 7; and Physical Science in 
grade 8. 

• Life Science as a course for high school credit was eliminated.  
• Conceptual Physics was added as a high school course option (see below). 
• Embedded Standards were added for Inquiry, Technology and Engineering, and in some cases, Mathematics 

(see below). 

Rationale
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Because of the curriculum implications, no one grade level should contain a disproportionately high or low number of 
Grade Level Expectations for which students are being held accountable (figure 3).  Shifting the emphasis to Physical 
Science concepts in grade 8 should support students who will soon after take physical science courses in high school.  
Life Science was originally intended to serve as an intervention/remedial course for Gateway Biology.  All high school 
students will be required to take the more rigorous Biology course. 

Figure 3. Grade Level Distribution of GLEs and SPIs

Tennessee Standards Analysis 
 Grade Level Totals

K 1 2 3 4 5 6 7 8 All
Grade Level Expectations 21 24 28 37 34 33 29 32 29 267

Checks For Understanding 32 37 38 50 44 48 34 49 37 369

State Performance Indicators - - - 30 28 29 30 33 32 182

K-8 TOTALS BY SCIENCE CONTENT AREA 
Inquiry Technology Life Science Earth Science Physical Science 

GLEs 42 33 70 50 72
SPIs 18 18 48 37 61

Implications for Science Teaching and Learning 
In grades K-6, curriculum reorganization will be the major impact caused by changes in the number of standards.  For 
grades 6-8, districts and teachers will have to realign the curriculum to reflect the modified distribution of Standards 
and Grade Level Expectations. 

Embedded Inquiry, Engineering and Technology, Mathematics 
Changes
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Standards, Grade and Course Level Expectations, Checks for Understanding, and SPIs for Inquiry, Engineering and 
Technology (and in some courses, Mathematics) are included in the Science Framework. The general rigor of the 
Framework elements has been raised.

Rationale
Science, Technology, Engineering, and Mathematics (STEM) education is based on the assumption that to fully 
understand and apply science concepts they must be integrated with skills and understandings drawn from all of the 
associated areas.   Throughout TN, universities have made major investments in STEM Education initiatives that 
actively embrace this perspective on teaching and learning science.  Changes found in the new Science Curriculum 
Framework reflect this broad conceptual approach to science education.  Embedded Standards are organized 
according to grade clusters (k-2, 3-5, 6-8, and 9-12).  The grade cluster approach offers numerous opportunities for 
students to engage in inquiry, technology and engineering, and mathematics experiences that are directly integrated 
into the science content. 

Earlier versions of the TN Science Framework placed action verbs in Learning Expectations to imply or suggest that 
these concepts be experienced through inquiry.  This approach caused confusion and failed to support the goal of 
integrating inquiry-based learning throughout the K-12 science curriculum.  Also, the more contemporary movement 
toward embedding mathematics and technology and engineering directly into the science curriculum is now integral to 
the Science Framework.

In 2006, the TN Department of Education conducted an external review of the TN Science Standards that evaluated 
the standards through the lens of Webb’s Depth of Knowledge scale.  Similar to Bloom’s Taxonomy, Webb’s scale 
categorizes a learning expectation in terms of the requisite knowledge or skill needed for a student to successfully meet 
this goal.  Webb’s four Levels are: Recall, Skill/Concept, Strategic Thinking, and Extended Thinking.  The principal 
criterion for assigning a CLE or GLE to a knowledge level is the verb used in the learning expectation statement and 
the level of student engagement required to achieve the desired outcome. 

The rigor and relevance of earlier versions of the TN Science Framework was identified by these external reviewers as 
a target for improvement.  The addition of Embedded Standards for Inquiry, Technology and Engineering is a direct 
response to the panel’s recommendations and illustrates that expectations have been raised for all K-12 science 
students Appendices B and C compare Webb’s Level of Knowledge data from the 2001 and 2007 Science Curriculum 
Frameworks.

Implications for Science Teaching and Learning 
The three Embedded Conceptual Strands are as follows: 
  Inquiry: 

• Understandings about scientific inquiry and the ability to conduct inquiry are essential for living in the 21st

century.
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Technology and Engineering: 
• Society benefits when engineers apply scientific discoveries to design materials and processes that develop 

into enabling technologies. 
Mathematics:

• Science applies mathematics to investigate questions and communicate findings. 

The skills and concepts included in the new Inquiry, Technology and Engineering, and Mathematics Standards are not 
expected to be taught as separate, individual topics.  Rather, the embedded standards should be fully integrated or 
incorporated throughout every content area in the Curriculum Framework.  In other words, students should not be 
taught about Inquiry and Engineering and Technology as discreet bits of knowledge, but rather be given multiple 
opportunities in every grade level and course to integrate these skills and concepts seamlessly into relevant science 
content.

Learning Progressions 
Change

The 2007 standards revision committee was the first to use Learning Progressions to guide the alignment of standards 
in the Science Curriculum Framework.

Rationale
Learning Progressions are clusters of interrelated ideas that become increasingly complex across grade levels.   The 
practice of using learning progressions to guide the development of Grade and Course Level Expectations relies on two 
fundamental understandings about how students learn.  Firstly, learning occurs over time and through multiple 
exposures to concepts presented within different educational contexts.  For this reason, Grade Level Expectations for 
major topic areas in the K-8 Science Curriculum Framework continuum are organized into scaffolded sets of ideas 
that are all embedded within an associated Conceptual Strand statement.  Progress toward understanding the big idea 
of science expressed in the Conceptual Strand is expected to grow in complexity during the course of a student’s 
education as they experience different opportunities to explore this concept.  Secondly, learning is about making 
connections.  Mastery of precursor ideas and skills found in earlier grade levels is essential because it contributes to 
understanding the more complex ideas students encounter at higher grade levels or in college.   

After the elementary, middle, and high school teams developed their GLEs or CLEs, another team of science educators 
examined the Frameworks from a horizontal perspective to search for redundancies, gaps, and to make certain that 
these statements offered a logical and developmentally appropriate conceptual flow.

Implications for Science Teaching and Learning 
Learning Progressions offer a clear picture of where the students have been and where they are headed.  They can be 
used by districts to map and align K-12 curriculum, guide textbook selections, and as jumping off points for 
professional conversations about methods and approaches to improve science education.
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The GLEs that we have been following for Standard 4, Grade 7 (figure 1) are one part of a set of scaffolded GLEs that all 
contribute to developing a rich and deep understanding of the Conceptual Strand statement for Heredity: Plants and 
animals reproduce and transmit hereditary information between generations.

Tennessee’s Vision of Standards-Based Science, Technology, Engineering and 
Mathematics Education 

The Tennessee Science Curriculum Framework presents an educational pathway designed to prepare every student to 
function in a society in which scientific and technological literacy are necessary for full participation and enjoyment.  The 
new standards are founded on the premise that leaning science content is most successful when experienced through an 
active process that integrates inquiry, technology and engineering, and mathematics, in what is commonly referred to as 
STEM Education (figure 4). 

The goal of standards revision is to develop a curriculum framework that will guide and support school systems in building 
a rigorous and relevant K-12 science curriculum.   The educational vision reflected in the Framework is that a carefully 
designed, coherent, and properly implemented set of K-12 science learning experiences will enable all students to: 

• Develop a deep understanding of the key scientific concepts, principles, theories, and laws drawn from the life, 
physical, earth and space sciences 

• Apply scientific process skills by posing questions and investigating phenomena through the language, procedures, 
and tools of science 

• Be aware of how engineering, technology, and mathematics are integrated into the historical and cultural 
advancement of the scientific enterprise 

• Think and act in a way that demonstrates a positive attitude toward problem-solving and personal decision-making 
about issues that affect our society and the planet. 

Figure 4. Tennessee Vision for STEM Education


