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ABSTRACT
  The Traveling Salesman Problem (TSP) has become a useful medium to improve the efficiency and cost-effectiveness of commercial delivery applications.  Given a set of multiple locations, it poses the problem of determining which path is more efficient, shorter or least expensive. More recently, with the increasing variety of delivery methods and increasing number of destinations, computation of routing selections number on the order of the factorial number of destinations.  Computational restrictions therefore accompany solutions as the number of delivery destinations increase.  This work was an effort to improve speed and effectiveness of TSPs using genetically inspired computational methods by mutating route populations and selecting the fittest ones for repopulation. Our research, as has others, shows that as the number of iterations of the GA increase, an asymptote of best routes, or shorter distance is reached.  We edited a benchmarked GA to improve the speed and efficiency of those algorithms. Our alternative GA reached an asymptote of convergence with a steeper slope and less time than the benchmarked GA.  Experimental techniques resulted in an improved genetic algorithm.
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1. INTRODUCTION
Travelling salesmen want to visit all destinations only once and return to the starting point while covering the least distance.  In minimizing distances travelled by human, manned- or automated-delivery systems, commercial organizations may exploit TSP solutions to minimize cost and maximize efficiency.    Research into various methods to most effectively determine the best possible TSP routes are frequently found to be ‘good enough’ rather than the shortest or fastest.  
One of the most effective TSP algorithms are known as genetic algorithms (GA) and have shown considerable promise as efficient, cost-effective solutions.  A variety of methods used in GAs, such as Nearest Neighbor and 2-Opt were explored.  They use random numbers to initialize a set of routes, finding the ‘most fit’ of the candidate solutions and mutating those, giving rise to the genetically-inspired termed algorithm.  
Optimizing solutions to the Travelling Salesman Problem (TSP) has applications in commercial delivery systems and other scenarios, such as a trucking company’s multiple destinations or recent unmanned aerial vehicle delivery proposals accompanied by the problem of integration of those systems into the national airspace.
There are several approaches to the TSP with names synonymous with genetic methods, such as Nearest Neighbor and 2-Opt.  Our goal was to combine them with the TSP and improve TSP solutions using more efficient code.  Genetic algorithms (GA) are one of the most promising TSP solution methods that employ random selections of a population of candidate routings, finding the best results, and subsequently reusing those results in an iterative process.  This process continues until a ‘good-enough’ solution is found.  The primary limitation with fundamental TSP problems lies in the increasing number of computations required as the number of destinations increase; a method known as “brute force.”    This limitation has led to a variety of ‘good-enough’ genetic and evolutionary algorithms.

2. LITERATURE REVIEW
1. Of the many instructive texts on genetic algorithms and evolutionary modeling, authors1 (Krzanowski and Raper, 2001), and Dianati2 et al, helped this team summarize the simple steps germane to these GA techniques.  Dianati, however outlined a more detailed series of algortihm instructions (Danati, et al, 2012)2.  The instructions these authors offer also follow a similarly structured theme displayed in the flow chart in Figure 1, TSP Flow and First Iteration.  Practical applications of this technology are expected to apply over multiple layers of commercial industry to include unmanned systems (UAV).  These unmanned systems are predicted to evolve into the U.S. national airspace as well as become a delivery medium.  Anoop3 et.al., discusses the TSP and genetic algorithms in a comparison of different approaches to solve the TSP and its application towards swarming of UAVs, (Anoop, S; Boone, N., Cohen, K., 2015) an issue expected to become problematic in airspace operations.  Shiffman4, provided an additional, helpful chapter on genetic algorithms in his The Nature of Code.  This team began it’s initial study of the travelling salesman problem with The Traveling Salesman Problem5, ( Applegate, D.  et al., 2007).  


3. GOALS AND OBJECTIVES 
The RET participants wanted to improve the efficiency of GA TSP code written by previous authors. Reducing the computation time of code is considered to be an improvement in the efficiency of an algorithm.  As the TSP is tasked with more paths, N, to evaluate, or more cities for the salesman to visit, the computation complexity increases on the order of N factorial.  This value is (N-1)! /2 .  Extrapolating the TSP idea, clustering of cities provides an opportunity for multiple travelling salesman and an opportunity to evaluate that scenario.  Exploring, exploiting and editing various computational methods is a way to discover potential improvements.  There are exact and heuristic algorithms.   The heuristic algorithms provide the ‘good-enough’ shorter computation time and results.  Our efforts centered on editing and potentially improving these methods.

4. RESEARCH TASKS

The primary objective of this research was to improve the efficiency of the current benchmark TSP GA algorithm.   Efficiency here means to more rapidly, i.e., a steeper slope, converge to a stabilized distance as the number of population generations increase or, to converge to a stabilized distance in less computational time .  The team’s tasks and training were similar and included such items as familiarization with simple TSP stand-alone code modules that perform the random number generated, core operations within the overall TSP code. These modules were genetic algorithm type operations.  Team tasks concluded with analysis of the results and a contrast of the alternative GA with the benchmarked GA. 

5. RESEARCH STUDY DETAILS AND METHODOLOGY

The first set of tasks began with understanding the TSP and its various genetic solution methods.  

5.1  Genetic Algorithm Fundamentals.  Genetics is based on mutations and selection of the fittest in
a population.  As the name implies, and as the code iterates, shorter route sequences are chosen as the best, or fittest and mutated.  This mutation is pseudo-random in a predetermined way.   For example, an algorithm-chosen shorter route sequence of cities may be changed, i.e., mutated, to visit one before another prior to a subsequent iteration. A visual display of the process and an interim result is shown in figure 1, TSP Flow and First Iteration. It depicts the computational flow and display of distances for a simple random selection of eight cities.  They are to be portioned into 2 groups of 4 possible routes.   The next steps begin with selecting the shortest routes as indicated in the figure, followed by their mutation and selection as the next population.
The top-ranked, i.e., shortest, routes are then reinserted into the ‘population’ of routes as the fittest of the previous population to evaluate their fitness as a shorter route.  These methods are termed “flip,” “swap,” and “slide.”   That process is shown in figure 2, Flip, Swap and Shift, where the two “No Change” headers indicate the portioning of two top-ranked, shortest route groups out of the eight, selected for next iteration. These are the genetic and evolutionary processes from which the terminology originates.
5.2 Genetic Algorithm Benchmark (MATLAB®, Kirk, J).  The TSP GA used as a benchmark to contrast the team’s alternative GA finds a near optimal solution to the TSP.  A random selection of x-y city coordinates are generated by the benchmark as input.  The GA then searches for the shortest route, i.e., a route with the least distance for the salesman to travel to each city exactly once and return to the starting city.  Output is the best (near optimal) route found by the algorithm along with the minimum distance along that path.  Our team’s tasks involved editing the benchmark code’s modules to reduce either computation time or some other measure of efficiency.

5.3 Genetic Algorithm Specifics.   As noted, there exists named methods to conduct genetic
mutations such as the 2-Opt.   This procedure is one that randomly selects two cities on a proposed route, swaps paths with another set of cities and compares the distances.  If those distances result in longer routes, they are reversed.  If shorter, they are used as next-generation route candidates, i.e., a member of a new population. The 2-Opt scheme is the “swap” mentioned above.

Upon the user expanding the number of cities to be evaluated, the benchmark code apportions the selection into groups of four routes, as noted above.  For example, if N = 60 cities then 15 groups of four are iterated. The “fittest” route within each group is the shortest route and its sequence of travel is chosen to be mutated, i.e., flipped, swapped or shifted.  That iterative process continues until an asymptote of convergence is reached.  In these test cases of the algorithm, the shortest distance is known a-priori.  That asymptote considers the difference in calculated distances between the current iteration and the previous.

Since the code (as does genetics) requires randomness in its iterations, questions regarding quality of the efficiency of improvements (e.g., reduced computation time) inevitably lead to discussions the pseudo-randomness of MATLAB’s random number generator when compared results are similar.  Some initial results comparing benchmark versus alternative code indicated distance differences within 1-standard deviation, resulting in questionable improvements from either the alternative, or as a result of fineness of the random generation process. The decision was made to seed the random number generator prior to each iteration to insure the most random effects possible.   


   2 Group Route Sequence 	   Total Distance    Rank
8     6     4     5     1     7     3     2    	37.3			2
2     3     1     6     5     4     7    8		54.6			3
5     2     1     7     6     8     3    4		67.8			4
7     6     3     8     5     4     1     2    	33.4			1

4     6     2     7     3     8     5     1  	44.7			2
4     5     8     6     3     7     1     2 	74.1			4
5     2     6     4     8     7     1     3 	44.3			1
6     1     4     3     8     7     2     5 	54.6			3
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        Figure 1.   TSP Flow and First Iteration





     2 Group Route Sequence 	             Mutation Type
7     6     3     8     5     4     1     2	 		No Change
7     5     8     3     6     4     1     2	 		Flip
7     5     3     8     6     4     1     2 		Swap
7     3     8     5     6     4     1     2	 		Shift

5     2     6     4     8     7     1     3			No Change
5     2     1     7     8     4     6     3			Flip
5     2     1     4     8     7     6     3	 		Swap
5     2     4     8     7     1     6     3	 		Shift














                                                 Figure 2, Flip, Swap and Shift
6. RESEARCH RESULTS

Initial visual comparison between the benchmark GA and the alternative shows marked differences.  In the figures to follow, best-route distances are normalized by the known maximum distance both GAs consider. They converge over iterations of population generations for both the benchmarked GA and alternative GA.  Both GAs use populations of 20, 40 and 60 destinations.  The steeper slope of the alternative GA indicates a more rapid convergence to the route with the shorter, i.e., best route.  

In figure 3, Alternative GA and figure 4, Benchmark GA, the most visible difference is the starting slope of the alternative GA.  This suggests a faster, more timely convergence of the alternative GA.  The horizontal axis, Number of Generations is the number of times a group of four routes is mutated and sent for its next evaluation of fitness, in the benchmark code. The 20, 40 and 60 in the figures are numbers of populations of cities tasked in the algorithm.  

For clarity, using the axis format shown in previous figures, Figure 5, Alternative vs. Benchmark Distance Convergence displays only 60 destinations.  The alternative GA shows a steeper, more rapid convergence.  It further displays a noticeable distance difference between asymptotic convergences of the two methods as the number of generations increase; the constant near-zero slope indicating a most likely true minimum distance.  
 
To improve efficiency, the team wrote an alternative GA code to bypass a four-group segmentation of the population and instead, selected the top three fittest routes from a population, of say, 60 routes, and mutated those with random generated pair-of-dice rolls. The most frequent combination of a pair of dice is seven and this result was selected to generate a flip-type genetic mutation operation.  A flip was initially chosen as a suspected most-promising result of a mutation; and that selection was borne out as the quickest asymptotic convergence. The next most probable iteration selected was chosen to be a 3-Opt versus a 2-Opt. This selection is believed to have caused a crossover at approximately 2000 generations, as the 3-Opt is more computationally intense.  The benchmark GA then converged closer to the true shortest path.  Following 2000 generations, no further improvement toward convergence nor difference is detected. Team analysis and discussion concluded that the small differences in results is offset by the more rapid convergence of the alternative algorithm requiring less computational time.  The small difference between an optimal and the true shortest distance is likely to be considered negligible for time-sensitive commercial applications. 

An analysis of efficiency in terms of computation time was also conducted.  To arrive at 25% of the total route distance calculated by both the benchmark GA and the alternative GA, the alternative GA required 68% less time required by the benchmark.
 


Figure 3, Alternative GA






Figure 4, Benchmark GA





Figure 5, Comparison of Algorithms




                                   
	Fraction of the Initial Route Distance
	Benchmark GA Time in Seconds
	Alternative GA Time in Seconds
	% Decrease in Time from Benchmark

	0.50
	0.030277
	0.015952
	47.3%

	0.45
	0.040719
	0.01778
	56.3%

	0.40
	0.056924
	0.023829
	58.1%

	0.35
	0.071448
	0.029891
	58.2%

	0.30
	0.09109
	0.04545
	50.1%

	0.25
	0.250238
	0.079731
	68.1%

	0.24
	0.335671
	0.087295
	73.9%



Figure 6, Extended Generations Time Comparison of Algorithms



7.  CONCLUSIONS

Results displayed in the figures clearly indicate an improvement in performance of the team’s alternate  GA.  Both computation time and early generation convergence noted in the slopes are metrics for improved efficiency. The team alternative mutation method of using a two-dice random selection of candidate routes to employ a flip mutation on a full selection of city routes versus the benchmark method of segmenting a collection of routes into four groups, is most likely a key contribution to the improvement.  This conclusion is based on the two-dice method being the only change from the benchmark producing a steeper-sloped early convergence.  Increased numbers of generation iterations produced no additional significant improvements though the benchmark GA approached the apparent optimal route distance more closely than the team’s GA following additional, time-consuming iterations.  

8.  RECOMMENDATIONS

Additional research my find more efficient methods beyond those found in the alternative GA in this effort. Though randomness is a core operation, it may be exploited.  This team did not evaluate multiple, clustered locations with GAs.    We did not evaluate any three-dimensional scenarios that may be applicable to aerial vehicles, therefore we recommend effort in these areas. 

9. RESEARCH TRAINING

RET participants began by familiarizing themselves with a selected variety of literature targeted for those unfamiliar with the TSP problem, followed by a review of the MATLAB programming language to be used in the TSP algorithm research effort.  The project’s graduate student research assistant and mentor were guides throughout that process.  A variety of TSP-related algorithm modules were provided to each participant and studied with the initial objective of becoming familiar with them. Those related algorithms provided stepping-stones toward enabling participants to improve the efficiency of the current TSP code.


10. CLASSROOM IMPLEMENTATION PLANS

Mr. Szyjka’s Classroom Implementation Plan

Mr. Szyjka’s classes are a community college group of students studying algebra to prepare for Federal Aviation Administration tests as certified aircraft mechanics with specialized disciplines in airframes, engines, electronics and digital electronics.   Preparation for their unit activities will be through knowledge of plotting data in a scatterplot, evaluation of the fundamental properties of lines, higher polynomials and study of the Design of Experiments (DOE).  Students will evaluate the fastest escape route in a simulation of the evacuation from an airliner and building.   Simulation results will be used in a DOE, for scatter-plotting and further evaluation of the data for linear, polynomial or exponential fit.

Mr. Bagazinski’s Classroom Implementation Plan

Mr. Bagazinski’s class will use electronic fitness monitors to enable students to study their energy output enroute to their classes.  They will evaluate kinetic and potential energies throughout their school day.
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12. APPENDIX I:  NOMENCLATURE USED 
Travelling Salesman Problem (TSP): The concept of determining the shortest route given a selection of possible routes over multiple destinations. 
Genetic Algorithm (GA):  A computational method based on the biological process of survival of the fittest, random mutations and selection, designed to be applied to more efficient computation of the TSP.
2-Opt:  A computational technique frequently applied with GA methods within a TSP algorithm in which potential routes are crossed to determine route distances.
3-Opt:  A computational technique frequently applied with GA methods within a TSP algorithm in which  randomly selected routes are crossed with additional frequency to determine route distances.  Similar to the 2-Opt with an additional route segment mutation.
Unmanned Systems, Unmanned Aerial Vehicle (UAV):  The more common term for a single unit is “drone.”
13. APPENDIX II:  RESEARCH SCHEDULE
Week 1: Travelling Salesman Problem (TSP) Introduction, Begin Professional Development (PD) Seminars
Week 2:  Add Detail to Research, e.g., MATLAB code (re)familiarization, Familiarization with Genetic Algorithms, Additional PD Seminar, Project Field Trips/Tours
Week 3:  Add Detail to Research, e.g., attempt edits to improve TSP benchmarked code, Project Field Trips/Tours, Continue PD Seminars,  e.g., library/literature research methods
Week 4: Continue efforts at edits to improve TSP code, introduce complexity, i.e., Multiple Travelling Salesmen,  Construct PowerPoint (PPT)  project briefings and Project Posters 
Week 5: Compare team genetic algorithm code to benchmark, begin writing report, constructing video documentation
Week 6:  Summarize Unit Plans/Activities, complete NSF report, summary, PPT project briefing
14. APPENDIX III: UNIT PLAN FOR MR.  PETE SZYJKA
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15. APPENDIX IV: UNIT PLAN FOR MR.  MATT BAGAZINSKI






Alternative GA at Different Population Sizes
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Distance of Best Route, Relative to Initial




Benchmark GA at Different Population Sizes 

20	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.75371847476569154	0.69384362757557783	0.63310901043747003	0.54614233207050844	0.53412330497020455	0.52207724615403239	0.51375995029391952	0.47946961352715484	0.46833093275558091	0.43015125657132947	0.41281827828142842	0.4000544668901827	0.38922535978406908	0.3817536724805029	0.37787631577885639	0.37577131168375316	0.37577131168375316	0.36642152531500016	0.36466155888274288	0.35343673973299122	0.34463142053684181	0.33981206905594763	0.33311707960638592	0.33030122207563234	0.32966335427282673	0.32514554763432146	0.3251198473313241	0.3251198473313241	0.31896073138947056	0.31896073138947056	40	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.7276683732958924	0.63390019244967866	0.57625485663104137	0.54325155230637023	0.51098778731284578	0.45782769903613785	0.44250071613874131	0.43910561331735642	0.42283816878280622	0.40303037638638411	0.39701573891397057	0.36912138854258708	0.36619074708400412	0.35633780768749723	0.34606135796043686	0.33478344367921825	0.33478344367921825	0.32226130389700514	0.31087514171477909	0.30353824987795386	0.30207692338727571	0.30207692338727571	0.2955493288468754	0.29425709179083104	0.28956846084637516	0.28884913478336299	0.28600317925255292	0.28542236047398301	0.28542236047398301	0.28056859398766226	60	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.68535889646045911	0.59121106121675004	0.53906203980521028	0.50117406407727039	0.47254102163747652	0.44500901729626358	0.4339361002513546	0.42296364435944922	0.40118826581456246	0.37998446684983683	0.36521691943338297	0.34592930601112737	0.33248296396712623	0.32508172050819628	0.31247525791081149	0.30803209108477875	0.30467842344577722	0.29679512783580858	0.2918829002206918	0.29117357992713544	0.29117357992713544	0.28911759603319659	0.28678104713605024	0.28678104713605024	0.27961033983304889	0.27920268541941523	0.27822361280899877	0.27822361280899877	0.2774080215608194	0.2774080215608194	24	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.73137777024655348	0.61612784791230435	0.57295053195996082	0.52560831447165102	0.49233469298829569	0.47873854682336991	0.46597998039191957	0.44270890069677271	0.42821505948994781	0.40597360574847596	0.40597360574847596	0.40597360574847596	0.40562340381752388	0.39833625840706538	0.37164627184223165	0.36642249361527013	0.36588270656063782	0.35326946586136365	0.34469238310800182	0.32752155476746675	0.31884695610775571	0.31884695610775571	0.31835312297009971	0.31835312297009971	0.31536894257575943	0.31416966234562671	0.3138600886801664	0.31031602900059307	0.31031602900059307	0.31031602900059307	28	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.79586293709679368	0.69784391806565882	0.64315351190404146	0.59459970870300216	0.51433770278830138	0.48425584106964908	0.46824741685730081	0.45551144409881505	0.44958342915471428	0.4411571995142361	0.42630952525044685	0.42374716066118773	0.42157373001367726	0.42157373001367726	0.41086755669599812	0.40059425394481502	0.36907829918057594	0.36561698882823568	0.36168681941603426	0.35362172543038928	0.34388090713596958	0.34388090713596958	0.34385379472841199	0.33443372589840109	0.32751772191223166	0.32751772191223166	0.31882290998438617	0.31882290998438617	0.31070790818899613	0.30426713790613136	32	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.74577518488483274	0.6130986819012576	0.58001508934587287	0.52485061951044354	0.50867839116910163	0.46912735972758485	0.45378746615992288	0.43902169396063057	0.41156957439168557	0.40714121449061352	0.39170913066808688	0.38140391435384113	0.37211698681094341	0.35768721480531113	0.3469068858252945	0.33210819141682502	0.3236711490899995	0.31904013201160347	0.31904013201160347	0.31473672319119494	0.31473672319119494	0.30905397063629431	0.3000814986060511	0.29111415049806949	0.29111415049806949	0.29111415049806949	0.29001968877215495	0.29001968877215495	0.29001968877215495	0.28940098524552466	36	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.70905844902504267	0.63089563740382559	0.57382038836909999	0.53737437312643987	0.49334011143522272	0.42135787974517569	0.39504068878425863	0.38548505791645993	0.36363822688082242	0.35089091694000979	0.34367215773611398	0.34367215773611398	0.33354995017288197	0.33354995017288197	0.31996276078545288	0.31915665081074979	0.31665912199373025	0.30961021879551515	0.30961021879551515	0.30652408445192186	0.30326135634660312	0.30044933167108456	0.2998851353804815	0.2998851353804815	0.29511141504980692	0.29473438313220929	0.28466704591760578	0.28443634837829879	0.28443634837829879	0.28443634837829879	44	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.69638259157498072	0.59906478332264179	0.5176642176739007	0.48729065549893691	0.45537184747656917	0.4460858478880968	0.42425471138600079	0.40800421210617416	0.38748830979153309	0.38309787498436598	0.3673358428448662	0.34696837289243398	0.33876973416123007	0.32049714149691155	0.31669204420290731	0.3121763758941648	0.30763605627438406	0.30430518403757006	0.29819763008508937	0.29583929443187001	0.29583929443187001	0.29583929443187001	0.29583929443187001	0.28862033349875132	0.28628741572761712	0.28628741572761712	0.28628741572761712	0.28463819863873124	0.28463819863873124	0.28299818040240948	48	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.72584877570534634	0.62997938327341985	0.59387308004212103	0.56291732732987165	0.52329811141101523	0.48603670664939869	0.45665282804197582	0.43969022460531682	0.42512618162892318	0.40717066695715676	0.40717066695715676	0.39625251657205568	0.38607979601140979	0.37634438406016374	0.36191671003844961	0.36191671003844961	0.36191671003844961	0.3611639776161254	0.34836817197012793	0.32922406871704252	0.32922406871704252	0.32922406871704252	0.32922406871704252	0.32922406871704252	0.32495108066344708	0.32124612175568978	0.31043827690966969	0.31002836312873955	0.30667110470957049	0.30634164054273233	52	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.70277054914729054	0.60125798343399628	0.53794244261812263	0.48307491819880016	0.45976833416042318	0.43124987391923569	0.4112714186002413	0.39187257168447936	0.38193607604384788	0.36714391766220039	0.36384439414662489	0.34834795870199353	0.33881746329536794	0.32978673186555152	0.32978673186555152	0.32584881605119081	0.31838790108812742	0.31573471800271935	0.30230265838769937	0.30230265838769937	0.29918303699310489	0.28522196266395544	0.28522196266395544	0.28522196266395544	0.28522196266395544	0.28059522224508487	0.279558777843676	0.27303247437030226	0.26465066550470634	0.26465066550470634	56	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.69453475189322877	0.60468092488814118	0.54416054418475168	0.52314439374316646	0.49275671052259973	0.45564498884437404	0.44469875775144541	0.43091217920010333	0.41902992451292481	0.40547896569392838	0.39967275485461379	0.39117289404777755	0.37982320450905166	0.37069104362596178	0.3706242309073377	0.36110567787070774	0.36110567787070774	0.36008686460338024	0.35594399189855447	0.35594399189855447	0.34616593438958754	0.34351585793421208	0.34115897473139756	0.33920534824515752	0.33920534824515752	0.32873612607269515	0.32873612607269515	0.32155678475895377	0.31239743077661719	0.29987008638045326	Number of Generations
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Comparison of Algorithms

Alternative	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.64134722844220671	0.48954033979270306	0.39280835320366181	0.35150102680174455	0.32394715501276944	0.30446188729791773	0.28482689615383067	0.27225323472808921	0.26698628644742733	0.26439297659537558	0.26330113734935873	0.25972185574746731	0.24643919679492612	0.23991757343952363	0.23943479506328247	0.23836659848218936	0.23631662611909288	0.23609040696853428	0.23604864901939426	0.23595024550446428	0.23481648692592907	0.23481648692592907	0.2347412015799433	0.2347412015799433	0.2347412015799433	0.2347412015799433	0.2347412015799433	0.2347412015799433	0.23433189298668186	0.23433189298668186	Benchmark	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.68535889646045911	0.59121106121675004	0.53906203980521028	0.50117406407727039	0.47254102163747652	0.44500901729626358	0.4339361002513546	0.42296364435944922	0.40118826581456246	0.37998446684983683	0.36521691943338297	0.34592930601112737	0.33248296396712623	0.32508172050819628	0.31247525791081149	0.30803209108477875	0.30467842344577722	0.29679512783580858	0.2918829002206918	0.29117357992713544	0.29117357992713544	0.28911759603319659	0.28678104713605024	0.28678104713605024	0.27961033983304889	0.27920268541941523	0.27822361280899877	0.27822361280899877	0.2774080215608194	0.2774080215608194	Alternative	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.74054474959351568	0.61846064464590467	0.52979540622213617	0.4682627482782411	0.43894826452349545	0.4178659468967994	0.39591369216927508	0.35579467192776482	0.33217803007379254	0.32099985072037507	0.31412177182811057	0.30943891033942961	0.29481931113504967	0.27981356185219702	0.27752784871922115	0.27605441847516921	0.27524520187043339	0.27299091815038512	0.27037509531705783	0.26709667267819753	0.2668044477259065	0.26485687311635342	0.25554331731603308	0.25166011046692249	0.25166011046692249	0.24824915172861772	0.24824915172861772	0.24824915172861772	0.24824915172861772	0.24573302347724699	Alternative	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.68756581415897067	0.50694351985217279	0.44582077568920792	0.37651952537148436	0.35778319756956639	0.33581020507792797	0.31226634712757761	0.29281347712592343	0.29230290046276686	0.2902275909092743	0.28091221954594786	0.27093227143070397	0.27093227143070397	0.26988896823571656	0.26048080142985675	0.25242579390535674	0.25196593196883688	0.24580003792509392	0.24580003792509392	0.24536890222991486	0.24193865817790097	0.24193865817790097	0.23732240767862117	0.23732240767862117	0.23732240767862117	0.23611037816160124	0.23549800893257	0.23549800893257	0.23549800893257	0.23549800893257	Benchmark	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.75371847476569154	0.69384362757557783	0.63310901043747003	0.54614233207050844	0.53412330497020455	0.52207724615403239	0.51375995029391952	0.47946961352715484	0.46833093275558091	0.43015125657132947	0.41281827828142842	0.4000544668901827	0.38922535978406908	0.3817536724805029	0.37787631577885639	0.37577131168375316	0.37577131168375316	0.36642152531500016	0.36466155888274288	0.35343673973299122	0.34463142053684181	0.33981206905594763	0.33311707960638592	0.33030122207563234	0.32966335427282673	0.32514554763432146	0.3251198473313241	0.3251198473313241	0.31896073138947056	0.31896073138947056	Benchmark	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	1	0.7276683732958924	0.63390019244967866	0.57625485663104137	0.54325155230637023	0.51098778731284578	0.45782769903613785	0.44250071613874131	0.43910561331735642	0.42283816878280622	0.40303037638638411	0.39701573891397057	0.36912138854258708	0.36619074708400412	0.35633780768749723	0.34606135796043686	0.33478344367921825	0.33478344367921825	0.32226130389700514	0.31087514171477909	0.30353824987795386	0.30207692338727571	0.30207692338727571	0.2955493288468754	0.29425709179083104	0.28956846084637516	0.28884913478336299	0.28600317925255292	0.28542236047398301	0.28542236047398301	0.28056859398766226	Number of Generations
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Part 1: Designing the Unit

		1. Unit Academic Standards (Identify which standards: NGSS, OLS and/or CCSS. Cut and paste from NGSS, OLS and/or CCSS and be sure to include letter and/or number identifiers.)

· Understand lines, parabolas

· Understand equations of lines, parabolas

· Write the equation of a line given slope, y-intercept

· Use ( scatterplot  ) data to write the equation of a line or parabola

· Understand simple Design of Experiments (DOE)









		2. Unit Summary





The Big Idea (including global relevance):  Use Design of Experiments and equations of lines or parabolas to model real-world data.

The escape time from a building or an airliner is a function of two primary, measurable variables, the number of people within them and the placement of the exits.   Those exits may be blocked or unusable.  Varying the number of people and the number of exits as well as the location of those exits is likely to have an effect on the escape time.



The (anticipated) Essential Questions: List 3 or more questions your students are likely to generate on their own. (Highlight in yellow the one selected to define the Challenge): 

1. How can we physically model an enclosed building or airplane and their exits?

2. What is the best arrangement of exits?

3. How does the arrangement of exits affect escape time?

4. How does the number of exits affect escape time?

5. How does the number of people affect escape time?

6. What other factors may affect escape time?

7. How do we model or simulate those factors (variables)?



		3. Unit Context 





Justification for Selection of Content– Check all that apply:

x	Students previously scored poorly on standardized tests, end-of term test or any other test given in the school or district on this content.

☐	Misconceptions regarding this content are prevalent.

x	Content is suited well for teaching via CBL and EDP pedagogies.

☐	The selected content follows the pacing guide for when this content is scheduled to be taught during the school year.  (Unit 1 covers atomic structure because it is taught in October when I should be conducting my first unit.)

x	Other reason(s) Modeling of real-world data is an essential skill for industrial use and engineers must have that inherent skill.  Industry use of DOE is widening.   _____________ _______________________________________________

_____________________________________________________________________________



The Hook:  (Describe in a few sentences how you will use a “hook” to introduce the Big Idea in a compelling way that draws students into the topic.)

 A discussion immediately following videos of  emergency escapes from airliners and buildings is when I would query students with “where would YOU go if we heard a shooter inside/outside of this building?”  “where would YOU go if the airliner you were a passenger in had just crashed?”  “what if that exit was blocked or there was a fire there?”  “Where would you go if your airliner had just crashed into the Hudson River?”

Students would then brainstorm what they know about emergency exits, why they are placed where they are and what criteria do they think are used in placement and number.

Videos of airliner emergency escapes:

https://www.youtube.com/watch?v=9ifPCarjAmI

https://www.airliners.net/forum/viewtopic.php?t=269249

https://www.youtube.com/watch?v=EaGWpdSN9Us

The Challenge and Constraints:



 ☐ Product or X Process  (Check one)



		Description of Challenge (Either Product or Process is clearly explained below): 

		List the Constraints Applied



		An arrangement of moveable chairs and simulated exits that mimic an airplane or building interior.  Students or instructor will be designated as timers and data collectors for each exit.  Various exits will be blocked to simulate various scenarios.   Various configurations (numbers of seats/chairs and people) will be noted as variables on the design of experiments (DOE) worksheet.

		Time

Classroom availability

Data should also be collected to lend itself to a scatterplot transition to a line or other curve

Data should be collected on pre-designed DOE data sheet 

Various numbers ( large to small ) of students and various numbers of chairs/seating arrangements; ( large to small number ) will be used in various escape scenarios 















Teacher’s Anticipated Guiding Questions (that apply to the Challenge and may change with student input.):

“What variables-data do we need to collect-evaluate to determine an efficient exit strategy?

“How many trials do we need to run to confidently evaluate our simulation?”

“How would we simulate a real emergency?”

“How would we simulate the fear of a real emergency?”

“How would we simulate the location of a fire?”

“What do the FAA regulations say about how many exits are required in an airliner?”

“Is there a required minimum escape time from an airliner ?”

“Does the number depend on the size of the airplane?”

“What regulations determine building emergency escape exits and times?, i.e., where would we go to look that up?” 

“We know FAA regualations, but what about buildings?”





		4.  EDP:  Use the diagram below to help you complete this section.





                                     [image: ]

How will students test or implement the solution? Communicate:  A group, possibly from one that did not propose the solution, would test the proposed solution.  

What is the evidence that the solution worked?  Repeat the experiment with different teams, at least once per team.

Describe how the iterative process from the EDP applies to your Challenge.  The various configurations in the DOE are iterative by design.  For example, in one experimental set-up a particular number of chairs may be used to simulate an airliner’s interior.  In an iterative DOE process, a larger or smaller number of chairs would be used.  A larger or smaller number of people would also be iterative.

[bookmark: _GoBack]How will students present or defend the solution?  Stand up and present using a PPT.   This discussion would be supplemented by a display of their configuration-solution of chairs/people in an escape scenario.





Describe if any formal training or resource guides will be provided to the students for best practices (e.g., poster, flyer, video, advertisement, etc.) used to present work.  I will provide and show videos on how to construct a DOE:

https://www.youtube.com/watch?v=tZWAYbKYVjM  ( Start:  3:45 into the video)

https://www.youtube.com/watch?v=MaILzZVBiKo ( Start: 14:31 into the video)

Following the establishment of “The Challenge” students will be asked to use their knowledge of DOE to construct a draft DOE matrix of testable variables applying to the challenge. 

What academic content is being taught through this Challenge? Algebra, plotting, DOE variables, line of best fit ( regression ).

Assessment and EDP:

Using the diagram above, identify any places in the EDP where assessments should take place, as it applies to your Challenge. Describe below what kinds of assessment are most appropriate.



		What EDP Processes are ideal for conducting an Assessment? (List ones that apply.)

		

List the type of Assessment (Rubric, Diagram, Checklist, Model, Q/A etc.)  Check box to indicate whether it is formative or summative.





		Gather info: Videos________         

ID Alternatives: ___________     

____________________     

____________________      

		

Formative (NON Grade) _________          x formative ☐	summative



________________________________  ☐ formative ☐	summative

________________________________  ☐ formative ☐	summative

________________________________  ☐ formative ☐	summative







Check below which characteristic(s) of this Challenge will be incorporated in its implementation using EDP. (Check all that apply.) 

X Has clear constraints that limit the solutions

☐ Will produce than one possible solution that works

☐ Includes the ability to refine or optimize solutions

☐ Assesses science or math content

X Includes Math applications

X Involves use of graphs

X Requires analysis of data

X Includes student led communication of findings

















		5.  ACS (Real world applications; career connections; societal impact):





Place an X on the continuum to indicate where this Challenge belongs in the context of real world applications:

		Abstract or Loosely Applies to the Real World                                                                                               

		|--------------------------------------|----------------------------------X-----

		Strongly Applies                                                                                       to the Real World







Provide a brief rationale for where you placed the X:  The expected experiments are simulations of emergency escapes from airliners and buildings.   These scenarios affect all people in any country.  The Design of Experiments concept is frequently used in an engineering environment to improve a process or product.  The planned videos will display some specific situations.



What activities in this Unit apply to real world context? All of the planned activities are “real world” as explained above.



Place an X on the continuum to indicate where this Challenge belongs in the context of societal impact:

		Shows Little or No Societal Impact

		|-------------------------------------|-------------------------------X---------

		Strongly Shows Societal Impact







Provide a brief rationale for where you placed the X: Same rationale as above.



What activities in this Unit apply to societal impact? Design of Exxperiments.  Same rationale as above.



Careers:  What careers will you introduce (and how) to the students that are related to the Challenge? (Examples: career research assignment, guest speakers, fieldtrips, Skype with a professional, etc.)  Engineers, scientists and technicians of all types use DOE.  I’ve not yet decided on a specific venue beyond the planned DOE videos.



		6.  Misconceptions:

· One has to have an engineer or engineering degree to construct a DOE

· Why would we use any of this data to construct a line?

· How is this experiment, a DOE and lines going to improve emergency escape scenarios?









		7.  Unit Lessons and Activities: (Provide a tentative timeline with a breakdown for Lessons 1 and 2.  Provide the Lesson #’s and Activity #’s for when the Challenge Based Learning (CBL) and Engineering Design Process (EDP) are embedded in the unit.)  





1.  Lesson #1.   Students will have learned the fundamentals of lines; i.e., y = mx+b, slopes, etc. Students will have learned about scatterplots, collecting and plotting data and interpreting the variables on those axes.

		8.  Keywords:  









		9.  Additional Resources:









		10.  Pre-Unit and Post-Unit Assessment Instruments: 









		11.  Poster 

		12.  Video (Link here.)









If you are a science teacher, check the boxes below that apply:

		Next Generation Science Standards (NGSS) 



		Science and Engineering Practices (Check all that apply)                        

		Crosscutting Concepts (Check all that apply)



		☐ Asking questions (for science) and defining problems (for engineering)

		☐ Patterns



		☐ Developing and using models

		☐ Cause and effect



		☐ Planning and carrying out investigations

		☐ Scale, proportion, and quantity



		☐ Analyzing and interpreting data

		☐ Systems and system models



		☐ Using mathematics and computational thinking

		☐ Energy and matter: Flows, cycles, and conservation



		☐ Constructing explanations (for science) and designing solutions (for engineering)

		☐ Structure and function. 



		☐ Engaging in argument from evidence

		☐ Stability and change. 



		☐ Obtaining, evaluating, and communicating information	

		













If you are a science teacher, check the boxes below that apply:

		Ohio’s Learning Standards for Science (OLS)



		Expectations for Learning - Cognitive Demands (Check all that apply)



		☐ Designing Technological/Engineering Solutions Using Science concepts (T)



		☐ Demonstrating Science Knowledge (D)



		☐ Interpreting and Communicating Science Concepts (C)



		☐ Recalling Accurate Science (R)









If you are a math teacher, check the boxes below that apply:

		Ohio’s Learning Standards for  Math (OLS) or

Common Core State Standards -- Mathematics (CCSS)



		Standards for Mathematical Practice (Check all that apply)



		☐ Make sense of problems and persevere in solving them

		☐ Use appropriate tools strategically



		☐ Reason abstractly and quantitatively

		☐ Attend to precision



		☐ Construct viable arguments and critique the reasoning of others

		☐ Look for and make use of structure



		☐ Model with mathematics

		☐ Look for and express regularity in repeated reasoning







Part 2:  Post Implementation- Reflection on the Unit

		Results: Evidence of Growth in Student Learning - After the Unit has been taught and the Post-Unit Assessment Instrument has been used to assess student growth in learning, the teacher must analyze the data and determine whether or not student growth in learning occurred.  Present all documents used to collect and organize Post- Unit evaluation data such as graphs or charts.  Provide a written analysis in sentence or paragraph form which provides the evidence that student growth in learning took place.  Please present results and, if applicable, student work (as a hyperlink) used as evidence after the Unit has been taught.



Please include:

· Any documents used to collect and organize post unit evaluation data. (charts, graphs and /or tables etc.)

· An analysis of data used to measure growth in student learning providing evidence that student learning occurred. (Sentence or paragraph form.)

· Other forms of assessment that demonstrate evidence of learning.

· Anecdotal information from student feedback.   







		Reflection:   Reflections: Reflect upon the successes of teaching in this Unit in 5 or more sentences in the form of a narrative.  Consider the following questions:

1) Why did you select this content for the Unit?

2) Was the purpose for selecting the Unit met?  If yes, provide student learning related evidence.  If not, provide possible reasons.

3) Did the students find a solution or solutions that resulted in concrete meaningful action for the Unit’s Challenge? Hyperlink examples of student solutions as evidence.

4) What does the data indicate about growth in student learning?

5) What would you change if you re-taught this Unit?

6) Would you teach this Unit again?  Why or why not?
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		Name: Peter Szyjka

		Contact Info:  szyjkap@yahoo.com

		Date:







		Lesson Title : Plotting/Graphing

		Unit #:

1

		Lesson #:

1

		Activity #:

1



		Activity Title: Plotting (x vs y) Scatterplots (Understanding Independent vs Dependent Variables)

		

		

		









		Estimated Lesson Duration:

		 2 days



		Estimated Activity Duration:

		2 days











		Setting:

		Classroom Cincinnati State University











		Activity Objectives:

· Students will be able to display knowledge of data collection 

· Students should have knowledge of data placement on scatterplots and their proper axes

· Students will be able to describe the fundamentals of lines, e.g., slope, y-intercept

· Instructor will describe a scenario in which measurable data could be collected followed by

students will able to describe how that specific data would be collected

· All participants will be able to describe how that specific scenario data would be used and more importantly, interpreted using scatterplots, lines or other methods, e.g., what data would go on x-axis, y-axis, etc.















































		Activity Guiding Questions:  

· Let’s say we were asked to collect data from an experiment in which we were also asked to evaluate the efficacy of various escape scenarios from a building or airliner, how would we set it up?

· What data could be collected?

· What data, could WE, as a class collect?

· What are the limitations to escape during emergencies?













		Next Generation Science Standards (NGSS)   N/A Community College



		Science and Engineering Practices (Check all that apply)                        

		Crosscutting Concepts (Check all that apply)



		☐ Asking questions (for science) and defining problems (for engineering)

		☐ Patterns



		☐ Developing and using models

		☐ Cause and effect



		☐ Planning and carrying out investigations

		☐ Scale, proportion, and quantity



		☐ Analyzing and interpreting data

		☐ Systems and system models



		☐ Using mathematics and computational thinking

		☐ Energy and matter: Flows, cycles, and conservation



		☐ Constructing explanations (for science) and designing solutions (for engineering)

		☐ Structure and function. 



		☐ Engaging in argument from evidence

		☐ Stability and change. 



		☐ Obtaining, evaluating, and communicating information	

		









		Ohio’s Learning Standards for Science (OLS) N/A Community College



		Expectations for Learning - Cognitive Demands (Check all that apply)



		☐ Designing Technological/Engineering Solutions Using Science concepts (T)



		☐  Demonstrating Science Knowledge (D)



		☐ Interpreting and Communicating Science Concepts (C)



		☐  Recalling Accurate Science (R)











		Ohio’s Learning Standards for Math (OLS) and/or

 Common Core State Standards -- Mathematics (CCSS) N/A Community College



		Standards for Mathematical Practice (Check all that apply)



		☐ Make sense of problems and persevere in solving them

		☐ Use appropriate tools strategically



		☐ Reason abstractly and quantitatively

		☐ Attend to precision



		☐ Construct viable arguments and critique the reasoning of others

		☐ Look for and make use of structure



		☐ Model with mathematics

		☐ Look for and express regularity in repeated reasoning









		Unit Academic Standards (NGSS, OLS and/or CCSS):

Linear functions, Plotting, Scatterplot, Lines, Slopes, y-intercepts.













		Materials: 

Algebra textbooks, section on plotting/graphing









		Teacher Advance Preparation:

Prepare lessons on scatter-plotting

Solicit a “go-ahead” from school administration for the “Hook” experiment

Prepare “emergency – escape” videos

Prepare Design of Experiment (DOE) video(s)











		Activity Procedures:

· Discuss how data would be used and interpreted using scatterplots, lines or other methods

· Show what data would go on x-axis, y-axis, etc., 

· Interpret Independent vs. Dependent data

· [bookmark: _GoBack]Present various sets of data (and associated scenarios) and follow up with an activity in which students correctly plot that data.







Formative Assessments:  

Notice to students of a “No-grade” quiz on plotting









Summative Assessments:  

Notice to students of future activity on DOE













		Differentiation:   Verbal plea to students to make maximum effort to attend class with little opportunity provided by instructor to make-up graded activities.   If advance notice is given, additional preparation by instructor is possible.















		Reflection:  
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		Name: Peter Szyjka

		Contact Info:  szyjkap@yahoo.com

		Date:







		Lesson Title : Fundamentals of Lines

		Unit #:

1

		Lesson #:

1

		Activity #:

2



		Activity Title: Construct Lines Using Scatterplot Data

		

		

		









		Estimated Lesson Duration:

		 2 days



		Estimated Activity Duration:

		2 days











		Setting:

		[bookmark: _GoBack]Classroom Cincinnati State University Harrison Campus











		Activity Objectives:

Students will be able to display knowledge of lines

Students will be able to explain slope and y-intercepts

Students will be able to plot data on proper axes 

Students will be able to display knowledge of independent and dependent variables

Students will be able to articulate knowledge of interpolation, extrapolation

Students will be able to analyze, correctly plot and analyze various sets of data presented by instructor













		Activity Guiding Questions:  

Brainstorm-describe “real-world” situations in which data could be collected for analysis

What methods should we use to collect that data ?

How would we interpret that data if plotted but plot is not precisely in the form of a line?

What kind(s) of experiments could we, as a class, conduct and collect data from?

 











		Next Generation Science Standards (NGSS) ….N/A Community College



		Science and Engineering Practices (Check all that apply)                        

		Crosscutting Concepts (Check all that apply)



		☒ Asking questions (for science) and defining problems (for engineering)

		☐ Patterns



		☒ Developing and using models

		☐ Cause and effect



		☐ Planning and carrying out investigations

		☐ Scale, proportion, and quantity



		☒ Analyzing and interpreting data

		☐ Systems and system models



		☒ Using mathematics and computational thinking

		☐ Energy and matter: Flows, cycles, and conservation



		☒ Constructing explanations (for science) and designing solutions (for engineering)

		☐ Structure and function. 



		☐ Engaging in argument from evidence

		☐ Stability and change. 



		☒ Obtaining, evaluating, and communicating information	

		









		Ohio’s Learning Standards for Science (OLS) …N/A Community College



		Expectations for Learning - Cognitive Demands (Check all that apply)



		☐ Designing Technological/Engineering Solutions Using Science concepts (T)



		☐  Demonstrating Science Knowledge (D)



		☐ Interpreting and Communicating Science Concepts (C)



		☐  Recalling Accurate Science (R)











		Ohio’s Learning Standards for Math (OLS) and/or

 Common Core State Standards -- Mathematics (CCSS) …N/A Community College



		Standards for Mathematical Practice (Check all that apply)



		☐ Make sense of problems and persevere in solving them

		☐ Use appropriate tools strategically



		☐ Reason abstractly and quantitatively

		☐ Attend to precision



		☐ Construct viable arguments and critique the reasoning of others

		☐ Look for and make use of structure



		☐ Model with mathematics

		☐ Look for and express regularity in repeated reasoning









		Unit Academic Standards (NGSS, OLS and/or CCSS):











		Materials: Textbook 













		Teacher Advance Preparation:

Prepare guiding “suggestions” of experiments that lend themselves to data collection scenarios during discussions in class (Activity Guiding Questions)

















		Activity Procedures:

Students individually plot various sets of data 

Students describe the data in terms of fundamentals of lines, i.e., slope, intercept, interpolation extrapolation







Formative Assessments:  Notice of graded quiz on fundamentals of lines to include plotting









Summative Assessments:  Notice to students of upcoming class/activity on Design of Experiments











		Differentiation:   Reiterate plea to maximize effort to attend class with little opportunity provided by instructor to make-up graded activities.   If advance notice is given, additional preparation by instructor is possible.

 















		Reflection:  TBD
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		Name: Peter Szyjka

		Contact Info:  szyjkap@yahoo.com

		Date:







		Lesson Title : Equations of Lines

		Unit #:

1

		Lesson #:

2

		Activity #:

3



		Activity Title: Emergency Escape Data ( Using Design of Experiments to Explore Various Emergency Escape Configurations, Routes, Placement and Number)

		

		

		









		Estimated Lesson Duration:

		 2 days



		Estimated Activity Duration:

		2 days











		Setting:

		Classroom Cincinnati State University Harrison Campus











		Activity Objectives:

Students will be able to create a DOE spreadsheet from various scenarios following instructor-provided video on simple DOE design

Students will be able to understand the Design of Experiments (DOE) concept

Students will be able to describe scenarios/situations/experiments in which a DOE is conducted

Students will be able to create a DOE spreadsheet from various instructor-provided scenarios with a data matrix configuration that displays detailed knowledge of DOE concepts 

Students will be able to interpret the DOE scenario from data provided 

Students will be able to suggest the DOE as a data analysis method following videos on emergency escape situations involving airliners and building emergencies







 





		Activity Guiding Questions:  

Describe some scenarios/situations in which a DOE is appropriate

How would you describe the “range” or spectrum of data to be collected in a DOE?

What data could be collected in emergency-escape experiments?

How would you design such an experiment?











		Next Generation Science Standards (NGSS) ….N/A Community College



		Science and Engineering Practices (Check all that apply)                        

		Crosscutting Concepts (Check all that apply)



		☒ Asking questions (for science) and defining problems (for engineering)

		☐ Patterns



		☒ Developing and using models

		☐ Cause and effect



		☐ Planning and carrying out investigations

		☐ Scale, proportion, and quantity



		☒ Analyzing and interpreting data

		☐ Systems and system models



		☒ Using mathematics and computational thinking

		☐ Energy and matter: Flows, cycles, and conservation



		☒ Constructing explanations (for science) and designing solutions (for engineering)

		☐ Structure and function. 



		☐ Engaging in argument from evidence

		☐ Stability and change. 



		☒ Obtaining, evaluating, and communicating information	

		









		Ohio’s Learning Standards for Science (OLS) ….N/A Community College



		Expectations for Learning - Cognitive Demands (Check all that apply)



		☐ Designing Technological/Engineering Solutions Using Science concepts (T)



		☐  Demonstrating Science Knowledge (D)



		☐ Interpreting and Communicating Science Concepts (C)



		☐  Recalling Accurate Science (R)











		Ohio’s Learning Standards for Math (OLS) and/or

 Common Core State Standards -- Mathematics (CCSS) ….N/A Community College



		Standards for Mathematical Practice (Check all that apply)



		☐ Make sense of problems and persevere in solving them

		☐ Use appropriate tools strategically



		☐ Reason abstractly and quantitatively

		☐ Attend to precision



		☐ Construct viable arguments and critique the reasoning of others

		☐ Look for and make use of structure



		☐ Model with mathematics

		☐ Look for and express regularity in repeated reasoning









		Unit Academic Standards (NGSS, OLS and/or CCSS):

Scatterplots, Lines, Slopes, y-intercepts, Design of Experiments













		Materials:  Videos of academic simple DOEs. Instructor provided handouts for instructor designed experiment (Specific experiment not yet determined) especially airliner  







 



		Teacher Advance Preparation:

Prepare a classroom-student participation physical experiment 

Prepare a set of DOE data collection sheets containing various possible data collection matrix to be compared with student data collection sheets.











		Activity Procedures:

· Conduct a “walk through” review of all students’ knowledge of expected data collection procedures and expected positions during the experiment and roles of each data collector, equipment operator and participants.

· Open the lesson with a discussion of emergency escape situations, from airliners and buildings.

· Follow with prepared videos of airliner and building emergency escapes.

· Continue lesson with data-collection, analysis methods and scatterplot brainstorming.







Formative Assessments:  N/A this activity









Summative Assessments:  N/A this activity











		Differentiation: 

[bookmark: _GoBack]Any students with physical disabilities will be identified pre-experiment and offered positions as data collectors or equipment operators.  Any students (or other instructors) with video-capture or equipment experience will be offered experiment participant positions as video equipment operators.













		Reflection:  TBD
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		Name: Peter Szyjka

		Contact Info:  szyjkap@yahoo.com

		Date:







		Lesson Title : Design of Experiments 

		Unit #:

1

		Lesson #:

2

		Activity #:

4



		Activity Title: Emergency Escape Data,  Using Design of Experiments to Explore Various Emergency Escape Configurations, Routes, Placement and Number

		

		

		









		Estimated Lesson Duration:

		 2 days



		Estimated Activity Duration:

		2 days











		Setting:

		Classroom and for the Activity/Experiment: Cincinnati State University Harrison Campus / Aviation Hangar Aircraft Storage Area











		Activity Objectives:

Students will be able to articulate the Big Idea, following a review discussion on various emergency escape scenarios including airplane crashes, active school shooters and building fires; especially airplane crashes since these Community College students are studying to be FAA certified mechanics

Students will be able to demonstrate knowledge of emergency escapes in buildings and airplanes following discussion after video(s) on aircraft and building emergency escape scenarios

[bookmark: _GoBack]Students will individually or team know/describe the experiment WE PLAN TO DO to analyze these scenarios

Students will individually or team, know what data they will collect

Student teams will display their data collection sheets/method

Students will decide/know their data collection roles

Students will decide/know their experiment activity roles











		Activity Guiding Questions:  

Where will you stand/sit during the activity?

What are the limitations to escape during emergencies?

What data will be collected?

How will the data be analyzed?

What methods could be used to collect and subsequently analyze data to determine optimum locations of emergency exits, number of exits and number of people if the experiment designed was to determine those quantities?  (DOE video should suggest some methodology).











		Next Generation Science Standards (NGSS) 



		Science and Engineering Practices (Check all that apply)                        

		Crosscutting Concepts (Check all that apply)



		☒ Asking questions (for science) and defining problems (for engineering)

		☐ Patterns



		☒ Developing and using models

		☐ Cause and effect



		☐ Planning and carrying out investigations

		☐ Scale, proportion, and quantity



		☒ Analyzing and interpreting data

		☐ Systems and system models



		☒ Using mathematics and computational thinking

		☐ Energy and matter: Flows, cycles, and conservation



		☒ Constructing explanations (for science) and designing solutions (for engineering)

		☐ Structure and function. 



		☐ Engaging in argument from evidence

		☐ Stability and change. 



		☒ Obtaining, evaluating, and communicating information	

		









		Ohio’s Learning Standards for Science (OLS)



		Expectations for Learning - Cognitive Demands (Check all that apply)



		☐ Designing Technological/Engineering Solutions Using Science concepts (T)



		☐  Demonstrating Science Knowledge (D)



		☐ Interpreting and Communicating Science Concepts (C)



		☐  Recalling Accurate Science (R)











		Ohio’s Learning Standards for Math (OLS) and/or

 Common Core State Standards -- Mathematics (CCSS)



		Standards for Mathematical Practice (Check all that apply)



		☐ Make sense of problems and persevere in solving them

		☐ Use appropriate tools strategically



		☐ Reason abstractly and quantitatively

		☐ Attend to precision



		☐ Construct viable arguments and critique the reasoning of others

		☐ Look for and make use of structure



		☐ Model with mathematics

		☐ Look for and express regularity in repeated reasoning









		Unit Academic Standards (NGSS, OLS and/or CCSS):

Linear functions, Plotting, Scatterplots, Lines, Slopes, y-intercepts.













		Materials:  Data collection sheets displaying columns of data-headers such as time, number of experiment participants, evacuation configuration number ( detailed description of number of exits, their distance from the activity centroid), stopwatch, clipboards, video capture equipment, designated names of data collectors, video equipment handlers, etc., an “empty” activity classroom with moveable chairs.  Readily moveable markers of some type to indicate emergency exits, locations of simulated fires, blocked exits. 







 



		Teacher Advance Preparation:

Prepare the physical experiment location, e.g., the room, equipped with chairs, exit simulators (signs, markers, etc.)

Prepare a set of proposed data collection sheets containing various possible data collection matrice to be compared with student data collection sheets.











		Activity Procedures:

·  Conduct a “walk through” review of all students’ knowledge of expected data collection procedures and expected position-location during the experiment and roles of each data collector, video equipment operator and participants.

· Open the lesson with a discussion of emergency escape situations, from airliners and buildings.

· Follow with prepared videos of airliner and building emergency escapes.

· Continue lesson with data-collection, analysis methods and scatterplot brainstorming.







Formative Assessments:  N/A this activity









Summative Assessments:  N/A this activity











		Differentiation: All students will be provided notice to make maximum effort to be present for the class activity or provide instructor notice if expected to be absent.

Any students with physical disabilities will be identified pre-experiment and offered positions as data collectors or equipment operators.  Any students with video-capture or equipment experience will be offered experiment participant positions as video equipment operators.













		Reflection:  TBD
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