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Grade Level of Lesson: 8-12
Lesson/Unit Title: 219. Marsbound Mission

I. Alignment to the NGSS: (Practices: #1, 8; DCI: HS-ESS1.C.ii; Crosscutting Concepts: #4)

The lesson or unit aligns with the conceptual shifts of the NGSS:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Elements of the science and engineering practice(s), disciplinary core idea(s), and crosscutting concept(s), blend and work together to support students in three-dimensional learning to make sense of phenomena or design solutions.

· Provides opportunities to use specific elements of the practice(s) to make sense of the phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the disciplinary core idea(s) to make sense of phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the crosscutting concept(s) to make sense of phenomena or design solutions.
	This activity provides rich ways for students to use the Practices to plan a space exploration. They will be exploring Practice #2 on Asking Questions and differentiating the process of asking scientific questions from defining problems for engineering. This is done within the first activity where students "Construct a science question requiring a technological design". They will be evaluating these questions in cooperative learning groups based on data contained in their "interactive trading cards". Toward the activity's close, they will regroup to evaluate whether they could achieve liftoff (in other words, did they meet the budgetary and mass constraints?)  True to the iterative process, they will engage in asking new questions, such as "What trade-offs can we make?"  Finally, they develop new mission goals if needed. 
        
Students will engage in "Obtaining, Evaluating, and Communicating Information" at almost every critical step of the process. They will obtain information from their interactive trading cards and NASA video or image sets. They will communicate in their learning groups during each activity to express ideas, collaborate to reach consensus, and evaluate the suitability of their mission plan with the goals and objectives of their particular mission. The activity also gives them the opportunity to do ranking tasks as they select five possible missions and then work collaboratively to order the missions from 1-5 given a set of criteria.

This activity calls for students to sort and order mission objectives that pertain to the geological characteristics of Mars. Since Mars is also a rocky planet, its landforms have some similarity to those on Earth. Mars also has craters caused from bombardment, canyon systems, polar ice caps, and also undergoes processes of erosion. These characteristics conform to HS-ESS1.C.ii, although it is a limited alignment.

As students analyze the constraints for their technological design (Activity 4), they will be required to do systems analysis. For example, given the spacecraft's lift capabilities and the boundaries of the chosen fuel system, how long can the mission stay in space? How much weight/mass will it accommodate in instrumentation? Will solar panels be added to the craft, and how will this affect the overall mass? Which rocket system is the best for the group's preferred mission type (i.e., 3 types of mission are up for grabs, Fly-By, Orbiter, and Lander). Students will quickly realize that it's crucial to consider all the components as part of the system and to model their design accordingly.
	None.




Summary of Observations and Suggestions for Improvement:

For Grades 8-12, this activity provides an outstanding means for students to plan and design a technological solution. Geology and climate content is woven in as the students consider real NASA strategic goals for exploration of Mars (which include characterizing climate and surface geology of Mars). The students will be called to differentiate "scientific questions" from "technological design solutions". This is a facet of engineering which is often ignored in secondary classrooms and which very specifically meets Science & Engineering Practice #1. The "interactive trading cards" provide an engaging way for adolescents to gain background knowledge about each critical component of a space mission - the lift-off rocket system, power/fuel systems to keep the spacecraft going after lift-off, instruments to explore surface geology, instruments to detect signs of past or present life on Mars, atmospheric sensors, sample collection devices, cameras, probes, communication systems, and more. As students absorb the information in the trading cards, they are engaging in the Practice of analyzing data (but in a fun way)! Students will then take the newly-gained knowledge and apply it to the technological design process by doing ranking and ordering tasks to select a mission type and support its planning. 

There is a caveat, the activity is very good for Grades 8-12, but as it is currently written, is not appropriate for upper Elementary and of questionable appropriateness for Grades 6-7. This is because the student guide does not vary from one Grade band to the next and the reading level is Grade 9 as measured on the Flesch-Kincaid Readability tool. See full summary at the bottom of this rubric for greater detail.



II. Instructional Supports

The lesson or unit supports instruction and learning for all students:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Engages students in authentic and meaningful scenarios that reflect the practice of science and engineering as experienced in the real world and that provide students with a purpose (e.g., making sense of phenomena or designing solutions).

· Provides students with multiple phenomena (either firsthand experiences or through representations) that support students in engaging in the practices.
· Engages students in multiple practices that blend and work together with disciplinary core ideas and crosscutting concepts to support students in making sense of phenomena or designing solutions.
· When engineering performance expectations are included, they are used along with disciplinary core ideas from physical, life, or earth and space sciences.
	This activity provides students with adequate phenomena to support their engagement in the Practices as listed below: 
(1) Links to NASA image sets of Mars and video of the three types of missions (Fly-By, Orbiter, and Lander) 
(2) The interactive trading cards all contain photos or illustrations of the component being described.
(3) The Engineering Design Cycle is a representation of the thought process that goes into designing a technological solution.

The two Practices addressed (as stated above) blend nicely with one DCI for High School:  HS-ESS1.C.ii, relating to geologic processes. Most of the mission choices require students to consider NASA's goal of gathering data about Mars' geologic characteristics. There are numerous intersections between the planet Mars and Earth in that they are both rocky planets, both have polar ice caps, both have deeply-carved canyon systems, both have experienced cratering from early bombardment, and both undergo processes of erosion.

Middle School ETS
MS-ETS1-1 Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions. This is addressed in Activity 4: "Analyze Constraints Within a Technological Design" and in Activity 2 in which stud use the trading cards to analyze data before identifying their mission goals)
MS-ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. This is done when students do peer evaluations in the "Mission Metrics" section of the lesson.
MS-ETS1-3 Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success. (This is addressed in Activity 2, in which they use trading cards as the source of their data for decision-making, and is also constructing the Spacecraft Fact Sheet-Activity #5). 

High School ETS
HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. (This standard is addressed by each one of the 8 activities, from initial planning through the engineering design cycle through the final reflection.)
	It would be helpful if the lesson provided links to short content support pieces for both students and teachers - not links to landing pages for huge websites. Specifically, links need to take the teacher or learner directly to a brief tutorial for a focused topic, such as polar ice caps. When students are really engaged with a design project, they want to know more, but they do not have time to sift through masses of large websites. NASA has some fabulous resources to provide background information beyond the short blurbs on the trading cards. But for people with little experience navigating all of NASA's web materials, it will be daunting to start from scratch.



	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	The lesson opens with a nice set of questions that will elicit prior student understanding, spark interest, and establish a purpose for the lesson.
	None. 

	Uses scientifically accurate and Grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The lesson presents all information in a scientifically accurate manner, appropriate for Grades 8-12. 
	None. 

	Provides opportunities for students to express, clarify, justify, interpret, and represent their ideas and respond to peer and teacher feedback orally and/or in written form as appropriate to support student’s three-dimensional learning.
	This activity provides particularly rich ways for students to express ideas and justify their conclusions. Each activity requires that they confer with a team to discuss choices, identify needs, set priorities, and work within both monetary budgets and weight/mass budgets. They will defend and justify their choices for Mission Design Logs and Science Objective Sheets.
	None.


	Provides guidance for teachers to support differentiated instruction in the classroom so that every student’s needs are addressed by:

· Connecting instruction to the students’ home, neighborhood, community and/or culture as appropriate.
· Providing the appropriate reading, writing, listening, and/or speaking modifications (e.g.,  translations, front loaded vocabulary word lists, picture support, graphic organizers) for students who are English language learners, have special needs, or read well below the Grade level.
· Providing extra support for students who are struggling to meet the performance expectations.
· Providing extensions consistent with the learning progression for students with high interest or who have already met the performance expectations.
	Even though it may be reaching a bit, I believe the lesson can be connected to home and community because it involves students in a real-life set of processes that they must undergo for any sort of large project planning......whether it's a neighborhood watch group, a family vacation with budget constraints, or an effort to build a community rec center. The thought processes will be quite similar for doing strategic planning, setting timelines and objectives, staying within budgets, and collaborating to decide on which needs will be met.

Other than a front-loaded vocabulary list, this is a weakness of the lesson. I entered the text in the student handouts into a digital readability tool, which calculated the reading level based on four different indices: the Flesch-Kincaid, the SMOG, the ARI, and the Coleman-Liau Index. It scored within the level of Grade 9-Grade 11, depending upon the index. The index most frequently used by educators, the Flesch-Kincaid, scored the student handout text at Grade 9.85, corresponding to the latter part of Grade 9. There are no alternatives to the handouts provided, which generates three deep concerns:

1. High School students who read below Grade level and ELL students will struggle with the reading.

2. Middle School students will likely all be challenged to properly digest the text materials, particularly the Engineering Design Cycle (which independently scored at college reading level). Middle School students with disabilities will probably not be able to engage in the activity without significant teacher intervention.

3. The activity, quite simply, is not appropriate for upper Elementary. Few of the students will be able to process the language in the trading cards, the design log, or the trade-off activities. None will be able to digest the Engineering Design Cycle. It would take a complete rewrite to be developmentally appropriate for Grades 3-5.

Although the text materials will frustrate students who read below a Grade 9 level, the activity contains sufficient images and photographs to help support these students at the High School level. I believe they could engage in the activity with assistance from peers or special education aides to help with reading the text. 
 
The lesson would be inaccessible to most students in Grades 3-5, not only because of the reading level but also because they aren't old enough to understand the nuanced vocabularies that occur in the lesson. For example, students this age don't know how to differentiate a "strategy" from a goal or objective. It's not reasonable to think they will make this quantum leap during the short duration of this lesson. As another example, the Engineering Design Cycle will skyrocket over their heads. The lesson needs to be rewritten for this age group. 
Regarding Grades 6-7, the lesson will be very challenging to even the gifted/talented population. It could be adapted for this age group by removing the Engineering Design Cycle and by rewriting some of the text materials to a Grade 6 level. If this is not done, I fear that fully half of students in Grades 6-7 will be unable to grasp the complexities of the lesson, and those who struggle with core content will be completely lost.

The lesson offers a link to an extension activity, but the link is broken (404 Error).
	Two suggestions to improve the lesson: 

(1) Designate the activity only for Grades 8-12 and eliminate the Middle School and upper Elementary versions from the website. The photos provided on the trading cards will serve to help High School students who read below Grade level, as will the related image sets and video.

(2) Completely rewrite the upper Elementary version, do significant tweaking on the Middle School version, and incorporate adapted materials for students who read below High School Grade level.

Select another extension activity.





Summary of Observations and Suggestions for Improvement:

MarsBound Mission provides a comprehensive set of sequenced materials appropriate for High School students to use as the basis for an engineering design project. The instructional support is quite strong for this grade band, and could be extended down to Grade 8 as well. The interactive trading cards are a much more engaging way to provide background information. For a High School audience, teachers will find that the activity is classroom-ready. All they need to do is print the trading cards, board, and student handouts. However, as previously stated, the Elementary and Middle School versions of this activity are not appropriate for their target audience. The text material in student handouts differs very little from the High School version. Please see the final summary at the bottom of this rubric for further explanation and suggestions. As the resource now stands, the Elementary and Middle School versions do not provide sufficient instructional support to enable teachers to adapt them for use with younger students.




III. Monitoring Student Progress

The lesson or unit supports monitoring student progress:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Assessments are aligned to the three-dimensional learning.
	This lesson is a great example of effective authentic assessment. At each phase of the activity, students engage in practices done by real scientists and engineers. As they do so, they keep logs, make budgets, do weight and mass calculations, and justify their proposed expenditures against the "science gain". They will be presented with an unexpected challenge (i.e., wild cards within the trading card deck) that will be similar to issues or problems faced on real space explorations. At the end of the activity, students will determine whether they met all the design criteria and constraints (including budget) and managed to overcome the curve ball problem. All these elements work together to support assessment of all 3 components of the NGSS.
	None. 

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	The Mission Metrics exercise lets students gauge for themselves whether they achieved lift-off, by looking at specific metrics that include budget, mass constraints, power/fuel parameters, and the "science return" of their mission. Teachers can use this metric as a summative assessment, if desired. Other assessment components include the Design Log, the ranking task for choosing type of mission (Fly-By, Orbiter, or Lander), and the data table for classifying student choices under specifically defined NASA program goals. Finally, there is a nicely-constructed reflection component that will gauge student understanding of the complexities of doing a technological design project that meets real criteria and constraints.
	None. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	The assessment components mentioned above serve as formative assessments at each juncture of the lesson, from initial planning through reflection. Formative assessment components include the Design Log, the ranking task for choosing type of mission (Fly-By, Orbiter, or Lander), and the data table for classifying student choices under specifically defined NASA program goals. Finally, there is a nicely-constructed reflection component that will gauge student understanding of the complexities of doing a technological design project that meets real criteria and constraints.
	None. 

	Includes aligned rubrics and scoring guidelines that provide guidance for interpreting student performance along the three dimensions to support teachers in (a) planning instruction and (b) providing ongoing feedback to students.
	Each component of the lesson is quite well-explained for a High School demographic and would not require the addition of a rubric.

	None. 

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	For students who read below Grade 9, the activity will not be accessible without teacher or peer intervention.

	Perhaps the authors could consider embedding a short assessment developed specifically for struggling readers, designed to tease out their understanding without such heavy reliance on text. In the alternative, students with disabilities might be able to do voice recordings of their ideas and justifications.




Summary of Observations and Suggestions for Improvement:

This lesson is a great example of effective authentic assessment. At each phase of the activity, students engage in practices done by real scientists and engineers. As they do so, they keep logs, make budgets, do weight and mass calculations, and justify their proposed expenditures against the "science gain". They will be presented with an unexpected challenge (wild cards within the trading card deck) that will be similar to issues or problems faced on real space explorations. At the end of the activity, students will determine whether they met all the design criteria and constraints (including budget) and managed to overcome the curve ball problem. All these elements work together to support assessment of all 3 components of the NGSS.

Overall Summary Comments:

This is a very strong resource for promoting understanding of the engineering design process and how the disciplines of science and engineering are intertwined in technology endeavors. Through trading cards and a defined strategic mission with budget and mass constraints, students will choose a spacecraft, instruments, fuel system, and communications system to operate a mission to Mars. They will be following an engineering design cycle similar to that used by NASA teams for authentic explorations. The authors have included a detailed teacher's guide, a glossary of terms, warm-up questions to spark student interest, and student handouts with directions for each phase of the activity. The element that sets the activity apart is found in the printable "interactive trading cards". The cards serve as background information, each one providing clues about costs, uses, and limitations of different pieces of hardware to be considered in planning a mission. Students use these cards as the data framework for their decision-making. Toward the end of the activity, a wild card is introduced that brings an unexpected challenge to the mission. Students then work to revise their goals to meet all constraints and handle the unexpected problem.

The resource provides a rich, engaging way for students in Grades 8-12 to explore the engineering design cycle and to think like scientists and engineers. However, a caveat is that there are 3 versions of the activity: High School, Middle School, and Grades 3-5. The High School and Middle School versions do not differ at all. The version for upper Elementary has a few word changes in the warm-up questions, but otherwise is unchanged from the High School version. The activity, as written, is appropriate for Grades 8-12. The High School and Middle School versions scored 53.03 on the Flesch-Kincaid Readability Index, which corresponds with the latter half of Grade 9. The version for Grades 3-5 scored 55.87 on the F-K, corresponding to Grade 9. Children in Grades 3-5 will not be able to process the language. Even for Middle School students, the handouts will be a very challenging read for Grades 6-7. As a specific example, the student handout on Pages 23-24 (i.e., the Engineering Design Cycle) scored 34.52 on the F-K Index, corresponding with college text material. 

This is a wonderful resource that could be adapted for use in Grades 3-7. However, adapting materials for a lower Grade level involves more than changing out the introductory paragraph and warm-up questions. To render this resource classroom-ready for the lower Grades, it will need to be completely rewritten for Grades 3-5. Students at this age range will not be able to get the subtle differences between "strategies", "goals", and "objectives". The Engineering Design Cycle will fly completely over their heads. The version for Middle School also needs to be scaled back with a rewritten version appropriate for the target Grade level of 6-8. Students this age will do quite well with understanding budget and mass constraints, but most won't be able to process the complexities of the Engineering Design Cycle. Some will need more support to understand what we mean by "science return" and to differentiate a goal from an objective. Adaptation for Grades 3-8 will also entail creation of formative assessments that are appropriate to the age group. This takes time and energy, but lacking these additional supports for the early and middle Grades, the activity is simply not developmentally appropriate for a target audience other than High School (and possibly Grade 8).

