APPENDIX # 2.2
COLORADO PRE- AND POST-TESTS ANALYSIS
INTRODUCTION
The report on the comparison of the pre- and post-test is in Appendix 2.1. What is highlighted in this Appendix are samples of students’ responses, that exemplify the different levels, from simple to complex reasoning, under each of the Systems, Tracing Information, and Change over time progress variables. The latter were identified from the other middle and elementary tests (Wilson, 2006). 

1. 
Cheetahs
The students did not express themselves very clearly. Their explanations of how the cheetahs’ fast running speed had evolved were categorized as referring to (1) differential survival; (2) population changes; (3) adaptation to the environment; (4) teleological; (5) Lamarckian; (6) variation; (7) natural selection; (8) genetics (DNA); and (9) as being unclear explanations. The majority of the explanations were teleological. 
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	Student Response
	Categorization with respect to the Change over time progress variable. 

	1. … because they are able to leap which makes them go faster. 

2…. because of the way that the cheetah moves and its movement when it runs.
	No scientific speculation.

	1. Through time, cheetahs developed a taste for fast food. For example, antelopes. Because they want to eat fast food, they have to be able to run faster than their food. They "evolved" gradually and eventually become the fastest animal in the world.”
2. Their prey was too quick to catch so to catch it they had to speed up, in order to survive. They made their speed an adaptation.


	Describe “why” change and not “how”

	“During this period, changes happen to animals and that's how new abilities are obtained.
	Describes a mechanism (how) and include misconceptions

	Each time a faster cheetah was born, it would have a better chance of survival than those that were not as fast. The faster cheetah could catch more prey and evade predators more easily. Over time, the slower cheetahs would die off and faster cheetahs would survive to reproduce.
	Describes the appropriate scientific mechanism.


Question: What understanding do students have about the processes of ‘mating’  and ‘breeding’ to produce ‘changes’? What sort of ‘changes’ and where? 

Q 2. Musical Instruments: Living things

	Student Response
	Categorization with respect to the Systems progress variable. 

	1. “Humans ( Caveman (Gorilla”
2.  “Man ( Birds. Amphibian ( Fish”

3. Some included stages of life cycles, “adult, tees, babies”
	Selects inappropriate system in which to frame response

	1. With the exception of three students, who listed bacteria and fungi, the rest just listed plants and animals.. 
	Reasons purely macroscopic level

	The majority of the students showed an understanding of the two kingdoms and the classes of animals
	Selects an appropriate system in which to frame response

	Only 3 students included Bacteria and fungi. 
	Connects microscopic systems in accounts


On the whole, the examples given reflected a need for the students to be pushed to give more examples that reflect the diversity of living things that surround them and a lack of awareness of the other kingdoms besides animal kingdom and the plant kingdom. 

3. 
GALAPAGOS FINCHES
In this item the students asked to choose from among the different statements that best described changes in a  population, the origin of variation, inheritance of variation, origin of the species, and variation in a population. 
3a 
Changes in a population 

The correct option was ‘b’, which stated that the primary changes that occur gradually over time in the finch population are “the proportion of finches having different traits within a population change. 
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On both the pre- and post-test, a majority of the students chose option ‘d’ which was a teleological explanation. 
3b.
Origin of variation
The correct option was ‘b’, that is, the different beak types first arose by random / chance mutations and when there was a fit between the structure of the beak and the kind of available food, those birds with that beak structure would be able to feed and survive to reproduce more offspring with that advantageous beak structure, compared with the finches with unsuitable beak structures.
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Less than 20% of the students chose the correct option ‘b’. An increased majority of students chose the incorrect teleological option ‘a’; followed by ‘d’, the step wise successive changes in the size and shape of the beaks with each successive generation, and by option ‘c’, the mutation as a response to some environmental factor. .

The teleological thinking persisted.

3c.
Inheritance of variation
The correct option was ‘c’ that the characteristics that are genetically determined are the ones that are passed to the offspring. The incorrect options were ‘a’ of learned behaviors; ‘b’ of beneficial characteristics; and ‘d’ of characteristics that were positively influenced by the environment.
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Option ‘b’ reflects a dramatic decrease in the number of students who attributed the inheritance of variation to beneficial characteristics.

3d.
Origin of species. (Speciation)

The correct option was ‘a’ that variation naturally is among the finches. Those birds most suited to the available food supply on each island reproduced most successfully. The incorrect options ‘b’, ‘c’ and ‘d’, that is, it is not the case that that the finches are essentially alike and not really different species; nor was it the case that that the changes were needed by the finch in order to feed on the different food available at each island.
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On the post-test, still less than 32% of the students chose the correct option. 
Teleological reasoning persisted.
3e.
Variation in a population

Less than half of the students on the post-test chose the correct response, which was ‘d’ that is, individual finches in a population share many characteristics, but they also vary in many features. Incorrect responses ‘a’, ‘b’, and ‘c’ were that the finches are not identical to each other, nor do they share essential characteristics of the species and that the minor variations do not affect survival, nor are they all identical and have many differences in appearance. 


[image: image6.emf]0

20

40

60

80

a b c d

Variation in a population


There is a surprising decrease on the post-test in the number of students who acknowledge the existence of variation among the members of a population. 

4. 
BIO-DIVERSITY IN A FOREST AND CORN FIELD
Using a picture of a forest and a corn field, students were asked to list the living things that might be found in these two ecosystems. Their responses were tallied as Producers (P), Consumers (C), and Decomposers (D).
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On the whole, the pattern of responses is persistent, with more examples given of consumers compared with the producers. Decomposers are mentioned by very few of the students.
4b. 
Importance of forest preservation

The students perceived forest preservation as important because the forests (1) provide oxygen; (2) remove l of carbon dioxide; (3) provide shelter / homes or animals; (4) prevent extinction / dying of trees; (5) provide food for animals; (6) and other interesting reasons.
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	Student Response
	Categorization with respect to the Systems progress variable. 

	“They (forests) provide a little peace as well as numerous resource. 
	Selects inappropriate system in which to frame response.

	“It provides unique animals and keep the area from becoming a desert. It just doesn’t rain without trees” 
	Reasons purely macroscopic level.

	Because of how they help the environment the less trees we have in forests the less oxygen, animals, habitats etc. Without them it is very hard to survive.
	Selects an appropriate system in which to frame response.

	1. Our forests are essential to prevent soil erosion, maintain chemical balances in the atmosphere and to support the organisms living within them. Taking away forests could have a large negative impact on human life.

2. Our forests produces a majority of the oxygen in the world and it also reduces a majority of the carbon dioxide in the world. If the forest was to die off many exotic & rare creatures would go extinct & global warming would increase due to the increase in carbon dioxide.

3. They also provide oxygen by converting carbon dioxide into energy in photosynthesis.”
	 Connects microscopic systems in accounts.



5a. 
BIODIVERSITY 
The following ranges of numbers of plants and animals, that might be found in the school yard , in Michigan and in the world, were given by the students. 

(i) animals: 
Pre-test 

Post-test
School yard 

1 - 12,000

4 – 1 million;

Michigan 

10 – Thousands
 100 – 10 millions;

The world 

1196 - billions

3,000 – 10 billions; and 

(ii)plants:



Pre-test

Post-test
School yard 

5 -500


6/7 – 500,000


Michigan 

7- Thousands 

150 – 50 millions 
The world

10 – 50 Billion
3,483 - 10 billions.

It seems as if the students guessed these numbers. They really do not see that many plants and animals in their own school yard.
5b. 
Among the other living things that were listed on the pre- and post-test, very few responses included microorganisms. This reinforces the pattern that was deduced from their responses on the forest and corn field ecosystems (Item 4b, above). Students do not focus on things that they do not see. 

6. 
STRAWBERRIES.

6a.
Students were asked to explain the source of the slight differences in sizes and shape noted among the strawberries that were presented in a picture. Their responses were categorized as referring to either a genetic basis (G), or an environmental source (E), or both a genetic and environmental causes (G & E), and unclear statements (U).
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A majority of the students gave environmental factors as the causes of the differences seen in the sizes and shapes of the strawberry. 
6b
Wild and supermarket strawberries
Comparing wild and supermarket strawberries, students were asked to say whether they were more alike (M), less alike (L), or the same (S). Some students gave unclear responses of a “Yes” or “No.”
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On both tests, a majority of the students indicated that the supermarket and the wild strawberries were less alike (L) than those that responded that they were more alike (M) , the same (S). A gave an unclear response (U) of a “Yes” or a “No.”
6c. Causes of variation among wild and supermarket strawberries

Students attributed the variation among wild and supermarket strawberries as being due to different causes that include (1) genetic, (2) environmental, (3), picker selection, (4)  and (5) other to other processes which did not make sense. One explanation was (6) consistent with natural selection and one other explanation was (7) consistent with
artificial selection.


[image: image12.emf]0

20

40

60

1234567

Causes of differences among 

supermarket and wild 

strawberries


	Student Response
	Categorization with respect to the Systems progress variable. 

	1. The ones in the supermarket are from detached areas that are clean and that don't have bugs or animals there.
	Selects inappropriate system in which to frame response.

	The strawberries that are grown to be sold in a store are made to look a certain way so people will buy them. If they grow in the wild they will look different.
	Reasons purely macroscopic level.

	Strawberries in the supermarket has more chemicals, water, fertilizers, & other things added to it. The other strawberry is naturally grown & its habitat may not have all of that extra stuff.
	Selects an appropriate system in which to frame response.

	Supermarket strawberries are grown in monocultures limiting the diversity that would naturally occur in the wild.
	Connects microscopic systems in accounts.




On the pre-test, the unclear reasons that need to be probed were students’ understanding of terms such as man made,” “manufactured,” “modified,” and “adapting to change.” 
On the post-test, unclear responses included having same color, being grown in a “monoculture”, having “same food inside but different outside”, “processed,” and “better to eat … better to plant.”

7. 
FISH

7(a) The students were asked to pick a statement (a, b, c, d, e) that best described the fish shown in the picture and to explain their choice. The correct option was (d).
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Examples of the bases for choosing the correct options d, are:

	Student Response
	Categorization with respect to the Systems progress variable. 

	Because fish always follow each other and then when they split they all do different features to prove that their not just baring?
	Selects inappropriate system in which to frame response.

	Because just looking at it they look the same, but if you look closer then there are some differences.
	Reasons purely macroscopic level.

	No living creatures are completely identical. Although they look the same, all animals have their own unique traits.
	Selects an appropriate system in which to frame response.

	Each fish may look the same at a glance, but each has inherited different genes causing slight variations externally and even more internally.
	Connects microscopic systems in accounts.




It appears that not everyone, who had chose option ‘d’, had based their choice on a genetic basis. There might have been an element of having guessed the correct option ‘d,’ in part (7a) of this item. Only three students mentioned the “unique genetic code, genetic genes, and genetic traits. 
8.
ELEPHANTS

8(a) This item did not specify in what way(s) the two populations differed. The difference that can be seen is of sizes (big/large and small) and ages (adults and young ones). Assuming that all those adults in Population B had the genes for drought tolerance and some of the individuals in Population A had, regardless of their ages, then the correct response would be Population B. But if none of Population B individuals had the gene and some of Population A had it, then it would be Population A. It was the latter assumption that the students seem to have based their choice.
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The responses were consistent on both tests, with a majority of the students choosing Population A, few choosing Population B and only two students choosing both Population A and B.

8b.
Explanations given for their choices
On the pre-test, the different reasons the students gave for choosing population A were, in descending order of frequencies, size (S), variation (V), adaptation (A) and differential survival (DS). Population B was chosen by very few students based on size. Both populations A and B were perceived to have an equal chance of surviving a drought, because, “big or small all can survive” and because it is “based on what they drink & eat.” 
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	Student Response
	Categorization with respect to the Systems progress variable. 

	1. Pop. A,-because if there is a flood the small elephants wont be able to survive while the big ones can.

2. Pop. A, because Pop-B are all identical in size so will probably need all the same water and will need more but P-A will have some servive [survive] because they don't need the same amount of water.
	Selects inappropriate system in which to frame response.

	A- They are different in size & shape making the population very diverse. If there was to be a drought, not all of them would die because some may be well fitted for the environment. Population B on the other hand may not be able to withstand a drought & since all of them are the same, all of them would die.


	Reasons purely macroscopic level.

	1. Pop. A, because since none of the elephants are alike some may have more tolerance to the drought.

2. 
Pop A has more diversity so some will survive better than others.


	Selects an appropriate system in which to frame response.

	1. Pop. A, because the diversity in the population gives higher chances since one elephant might have a resistance to drought conditions .Even if some die, the survivors could repopulate their herd. When all are identical all will either die or survive.

2. Pop A - because it has more diversity so each elephant may have different adaptations that would help them survive while all the elephants in Population B are the same, and if one couldn't survive none of them would.
	Connects microscopic systems in accounts.




Consistent (C) with natural selection explanations increased more on the post-test compared with the inconsistent (I) explanations 
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Students do not seem to understand the intervening processes between “prevalence of variations among individuals in a population ( those with the drought-resistant trait being adapted to survive during scarcity of water (being selected for) ( differential survival ( increased chances of reproducing offspring with that trait ( population changes (an increase in the numbers of individuals with the favorable drought-resistant trait).

9. 
ROLES OF DIFFERENT SPECIES IN AN ECOSYSTEM

9a.
Oak Tree
The roles of an oak tree were perceived as providing, (1) providing a home / shade; (2) food for animals; (3) oxygen; (4)  removing carbon dioxide; (5) recycling air; and (6) some other roles. 
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The pattern of responses were consistent, on both the pre- and post-test, in descending order of frequency of mentioning, that the role of the oak tree is to provide oxygen, home / habitat / shade for animals, provide food for animals, other roles, and remove carbon dioxide.

	Student Response
	Categorization with respect to the Systems progress variable. 

	Trees help  give us more air population [pollution?] because of the way it grows
	Selects inappropriate system in which to frame response.

	Shelter food support
	Reasons purely macroscopic level.

	Provide oxygen for people around them, habitats for animals around and may provide food for insects or moose.
	Selects an appropriate system in which to frame response.

	Uses recycled dead biological materials to make food for other animals.
	Connects microscopic systems in accounts.




9b.
Bacteria

The roles of bacteria were perceived as  (1) decomposing / breaking down dead things; (2) creating nutrients / fertilizing the soil; (3) causing disease / killing organisms animals; and (4) some other roles. 
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There was a slight increase in students mentioning the bacteria’s role of decomposing / breaking down things and creating nutrients / fertilizing the soils. There was a slight decrease in mentioning the bacteria’s role of causing disease / killing organisms.

	Student Response
	Categorization with respect to the Systems progress variable. 

	1. I think this is the top of the food chain so everybody else depens [depends] on this to eat so other things can eat them.

Help things clean.

2. Eats away bad things
	Selects inappropriate system in which to frame response.

	Affect and help all living organisms. 
	Reasons purely macroscopic level.

	1. Breaks dead organisms up and make room for things to grow.

2. Breaking down of dead biological materials.
	Selects an appropriate system in which to frame response.

	1. Decay things --> nutrients for the plants.

2. Some bacteria are essential for breaking down food in the intestines so more nutrients are absorbed, so bacteria helps support bpopulation. Others are harmful and eliminate weak links.

3. Affect and help all living organisms. 
	Connects microscopic systems in accounts.




Bacteria role was also perceived as to “provide humans with medicine,” “develop immune systems,” “create life,” and “support population.”
9c.
Humans
The responses indicating the different roles played by humans in an ecosystem were categorized as beneficial (B(, harmful (H), both beneficial and harmful (B/H). Others indications were not clear (U). Very few did not respond (NR). More beneficial roles were given than the harmful ones.
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	Student Response
	Categorization with respect to the Systems progress variable. 

	1. Survive.
2. Affect everything.
	Selects inappropriate system in which to frame response.

	1.Help support each other in anyway they can.

2. Control birth / death rate.
3. Give carbon dioxide to plants.
	Reasons purely macroscopic level.

	1. Humans polinate [pollinate] plants and work with native animals to help them survive,  but we also change the diversity of an area by removing forest or adding exotic species. We also force nature to adapt to our ways.
	Selects an appropriate system in which to frame response.

	1.Consume materials, uphold ecosystem, manage "

2. Keep animal & plant populations steady, spread seed, for the plants, protect some animals.
	Connects microscopic systems in accounts.




10. 
TWO SISTERS

There is no data for this item on the pre-test, because it was not printed on the test paper that was administered.
10a. How and why the sisters look alike

On the post-test, more than half of the students (67.5%) matched correctly how the sisters looked alike and why they looked alike The reasons for the sisters to look alike were given as either “same gene” (SG) (45%), or “same parents” (SP) (45%), or because of environmental reasons (E) (4.5%). and other reasons (O) 22.5%). 
	Student Response
	Categorization with respect to the Tracing information. 

	2 arms. 2 legs. They are both humans.
	No tendency to trace.

	1. Both relatively young. Have dark hair.

They look to be 8 or 9 years old. They both have either dark or brown hair.

2.  Same size. Same nose. “They just look the same.
	Describe organisms (0r other systems) as collection of traits / information.

	1. Same eye shape. Same nose shape. 

Inherited the same genes from parents.

2.  Same height. Same color hair.

Both got a gene for their natural height given their nutrition and habits are the same They both got the gene for dark hair.

3. Inherited the same gene from parents.
	Trace information between generations or through cycles.

	None
	Reasons by applying the tracing principles to new complex contexts.


10b. 
How and why the sisters look differently

Although all the students indicated what they saw as different between the two sisters,

only 31.5% attributed the difference to be due to the traits having been inherited from different parents (Genetic Basis) (GB). (HTN). The rest of the students gave irrelevant explanations (I).
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	Student Response
	Categorization with respect to the Tracing information. 

	Hair. Clothing. 
They may not like it one way and prefer to change it. They do not like the same stiles [styles] they aren't clones.
	No tendency to trace.

	Height. Smile. 
One is taller than the other. Their lips are shaped differently. 
	Describe organisms (0r other systems) as collection of traits / information.

	Girl on the right is taller. Girl on left is white.
Possibly due to camera angle or family genes. Her family ancestry is not Spanish or African.
	Trace information between generations or through cycles.

	Face shape. Nose shape. 

In these girls, there are slight changes. One child has more influence from one parent the other had no influence from the other parent.
	Reasons by applying the tracing principles to new complex contexts.


11. 
MOTH COLORATION DISTRIBUTION IN A POPULATION

11a.  On both tests a majority to the students did draw the correct eskewed graph to the left shows the increase in the population of darker moths and the sharp decrease in the population size of light colored moths on the right side of the graph.  But they did not shift their mean. Some of the students’ graphs were incorrect (W), some repeated the normal distribution (N) again, and others did not draw.
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11b
Explanations that the students gave for the observed increase in the dark colored moths’ population and a decrease in the light colored moths’ population were that the dark moths had no competition for food (NC); increased survival rates (IS); and so their population increases (PI). Some of the responses were unclear (U).
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	Student Response
	Categorization with respect to the Change over time progress variable. 

	There's less of them.
	No scientific speculation.

	If they can only see light colored moths then that population will die down and the dark moths wiil grow rapidly.
	Describe “why” change and not “how”

	1. Because the moths would start gradually changing into a darker color so the they don’t get eaten.

2. If birds only ate light colored there wouldn't be too many of them left and the dark could only breed Dark with Dark or Dark with medium and they would still be fairly dark and the might be able to get some of the medium because the bird can see the light but not the dark but a medium would be a combination of the two.
	Describes a mechanism (how) and include misconceptions

	1. Since the birds don't eat the dark colored moths they have a better of surviving and reproducing.

2. Because all of the light colored moth would get eaten, they would have a less lively chance to reproduce. The dark colored moth would have less food competition & a higher reproduction rate making its pop -go up.
	Describes the appropriate scientific mechanism.


12. 
ZEBRA MUSSELS AND PURPLE LOOSESTRIFE

12a.
Invasive species’ success

The students explained the success of these two invasive species, in Michigan, as having been due to a number of factors such as (1) the two species being well adapted; (2) the absence of predators; (3) the environment factors having been suitable for their growth; (4) having had no competition and (5) other explanations. 
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	Student response
	Categorization with respect to the Change over time progress variable. 

	They probably did because they are a new species and it kind of put the rest of the plants in shock and before you knew it they took over  everything.
	No scientific speculation.

	In their new environment, there are no predators to the new species to keep the population controlled. The native species also don't have a defense against them. 
	Describe “why” change and not “how”

	They have no predators because none of the native species have ever seen or dealt with those exotic species.  
	Describes a mechanism (how) and include misconceptions

	Possibly because they are getting new resources that they haven't got before or just because they adapted better to the new environment.
	Describes the appropriate scientific mechanism.


12b.
Problems with invasive species

The students indicated that invasive species might become a problem when they (1) are better adapted; (2) increase their reproduction rates; (3) they are not preyed upon; (4) their population increases / grows; (5) kills /preys upon and wipes out other species; (6) takes over and colonizes all the available space/ and drives the other species out of the habitat; (7) it become becomes difficult to get rid of; (8) upset the ecosystem, (9). make habitat unsuitable for other species. The rest were unclear statements (10).
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	Student Response
	Categorization with respect to the Change over time progress variable. 

	1. They don't like change.

2. Our people eat the Zebra Mussels and people chop of the Purple Loosestrife.
	No scientific speculation.

	They might kill off everything else that lives there.
	Describe “why” change and not “how”

	1. These exotic species may overpower the native species & cause them to go extinct.

2. With no enemies they are free to take over and to continue to reproduce. They also kill native species.
	Describes a mechanism (how) and include misconceptions

	1. Because the new species could take away food that others were dependent on or eat another species to extinction that had no natural defense to them.
	Describes the appropriate scientific mechanism.


On the pre-test, the seven unclear statements that were given for why invasive species might be a problem were “… because of “weather and elevation”; “they make it difficult for others to populate”; “poison kills predator”; “unknown germs”; “…after animal takes a taste it dies” [meaning invasive species is poisonous?];  “… kills off;” “because other species have not seen them and don’t know how to defend themselves against them” and “endanger other plants.”

On the post-test, the five unclear responses were:

“Our people eat the Zebra Mussels and people chop of the Purple Loosestrife” “… there is open space and maybe wouldn't be able to find food as easily.” 

“Because bugs could be attracted the flower and other things would be attracted to the Zebra Mussels.” 
“They don't like change.
“… sometimes exotic species are not used to the environment and give some disasters.” (M-G)

13. 
DOGS AND FISH EVOLUTION

13a. Similarities in their evolution

The dogs’ evolution by artificial selection by man and the fish’s natural selection were understood to be similar in terms of them (1)) having different types (variation) (2) mating (sexual reproduction; (3) mixing genes (genetic recombination); (4)  producing “new forms” / “new animals” (varied offspring); (5) which can survive in their environment; and (6) other similarities.
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The existence of variation among the individuals in both populations was not mentioned or implied at any student on the pre-test. No response could be categorized in the highest level of applying the tracing matter principle to new and complex contexts.
	Student Response
	Categorization with respect to the Tracing information. 

	1. Species get used to the ecosystem and to learn new activities.

2. Both evolved over time.

because they all evolve in some way.

3. They all go to different things.
	No tendency to trace.

	1. Legs, dog. Fur.

2. They both changed for a reason to survive or to make the humans happy helped the species survive.


	Describe organisms (or other systems) as collection of traits / information.

	They breed with different kinds to get a new one.

They evolve and change with the environment. Also breeding or mating with a different kind develops a new kind.

They are all coming from one singular species.

They evolve and change with the environment. Also breeding or mating with a different kind develops a new kind.


	Trace information between generations or through cycles.

	None
	Reasons by applying the tracing principles to new complex contexts.


Terms that need clarification are: “new forms of animals”, “types” and “breeds.”

13b. Differences in their evolution
Some of the responses indicating the differences in the dogs and the fish’s evolution were consistent with either artificial selection (AS) or with natural selection (NS) .Other differences (O) were in terms of differences in the size or degree and rates of the changes in the dog and fish evolution .Some responses were irrelevant (UI).
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	Student Response
	Categorization with respect to the Change over time progress variable. 

	1. There are different species, their habitats are different and body structure.

2.  Dogs breed. Fish don't - they naturally evolve.

3. Because they are different animals.

4. One was done by humans & another wasn't.
	No scientific speculation.

	1. Wild animals change to survive in their environments but domestic dogs changed because humans wanted them a certain way.

2. Humans put together dogs with similar desirable traits. Nature killed off the unsuitable fish so the better fish could breed.

3. One was done by humans & another wasn't.
	Describe “why” change and not “how”

	They are different because in nature the changes happen for survival. In the domestic dogs the changes were bred for desirable traits.
	Describes a mechanism (how) and include misconceptions

	One evolved naturally, the other evolved after being managed by humans.
	Describes the appropriate scientific mechanism.


Unclear statements (32%) about types, species, habitat, uses, common ancestry included colloquial expressions like “doing it.” A statement that “Process doesn’t always work,” is not clear. Which process? What does it mean to “not always working”?

The diagrams were misinterpreted by one student, who perceived the dogs’ diagram as representing a food chain. He wrote “… the 1 animal is the preditor [predator] to all the other animals”
On the post-test, the other differences were given in terms of differences in the size or degree and rates of the changes in the dog and fish evolution 
Some irrelevant responses were also given. The students indicated that the dogs and the fish were “different animals,” “different species, habitat structure,” “with different external characteristics,” such as, “big, small, colorful,” “different looks”, and “sharp, speed, noises, shape.”
14. 
BIODIVERSITY AT THE POLES AND AT THE EQUATOR

14a. Explanations given for the pattern of an increase in the species diversity from the poles to the equator were in terms of the warmer temperature (1), for which the different species were better adapted (2), the weather, rainfall and wetter climate (3), food/resources availability (4),vegetation (plants) (5). There were no other explanations (6), but some responses were unclear (7).
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	Student Response
	Categorization with respect to the Systems progress variable. 

	1. Because the earth is tilted.

2. The equator is tropic regions There is more diversity because of the environment and the poles aren't because of their environment and some environment have economic disasters.

3. May be it's because they are far apart from the equator.
	Selects inappropriate system in which to frame response.

	A majority explained the prevalence of more species around the equatorial region compared with the polar regions  in terms of abiotic factors such as warmth, rainfall, kind of habitat available, etc. without how these contribute to the differential survival of the different species found at these contrasting ecosystems.
	Reasons purely macroscopic level.

	None
	Selects an appropriate system in which to frame response.

	None 
	Connects microscopic systems in accounts.




On the pre-test, the other explanation included one that said “Since plants are there animals have to be there too” and an indication of a food chain: “lion (deer( tree leafs.” The latter response made the connection between temperature, producers and consumers. 
14b.
Stress resistance

On both the pre- and the post-test, a majority of the students chose the ecosystem with a high diversity as having the ability to withstand stress, damage or disturbance more than the other two ecosystems, with an increase on the post-test. However, on the pre-test, an equal number of students chose both the ecosystems with medium- and the low-diversity. On the post, more students chose the ecosystem with a low-diversity over an ecosystem with medium-diversity. 
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14c. 
Explanations for the high diversity ecosystem’s better survival chances were given in terms of the possibility of such an ecosystem having some resistant individuals among the population (1). Some students thought that the ability to replace individuals (2) who are not resistant is more in an ecosystem with a high diversity. Some mentioned the different habitats in a high diversity ecosystem (3), A majority of the students did not articulate their explanations clearly (4). 
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On the pre-test, it was not clear what students meant by stating that a high-diversity ecosystem has better survival chances because it has “ways to even out eventually.” It “sustains, replenishes” and does “not run out of anything” Almost half of the students did not articulate themselves well on this item. 
On the post-test, examples of unclear explanations included,
(a) In an ecosystem with a high diversity, 

“…they could probably last a lot longer than the others” 
“ … the more barriers you have against sickness or disease.

“”… it could handle more than it already has”;

“it's harder for organisms to die off than if there is low diversity”; 

“… without high diversity, the balance would be greatly affected by a slight change with a high diversity, changes don't have as much affect”;

“because like with Dutch elm disease if there are more types of plants around it is much harder for it to spred [spread]”.

(b). In an ecosystem with a medium diversity, there is 

“I don't think it can be stable if it was too low or to high” 

“lasting longer”
“you don't want an ecosystem with not enough diversity or too much diversity

“if everything medium then everything will stay constant because everything is eating different things.

(c) In an ecosystem with a low diversity, there is 

“.. that much damage won't have a major impact” 

“… there are less species so there are less problems with the environment” 
One response sounded contradictory, by stating that the low diverse ecosystem is more resistant because it has more animals. 
An interesting response was one which said “With less diversity small changes can kill off entire populations, while high diversity ecosystems have a better chance of having species that are resistant to a disturbance.”

SUMMARY
From this analysis, the following assertions may be formulated:
1. From the Item 1, on the evolution of the cheetah’s speed and Item 3, on the speciation of the Galapagos finches, it is evident that the teleological reasoning persists among the students.
2. It seems from lists given on Item 2, on classification and on Item 4 , on the forest and corn field ecosystems, it appears that the students gave more examples of animals than with plants. Micro-organisms were rarely mentioned .in both items. Hence, it seems that student focus more on what is visible to them.
3. Students seem to have difficulty sensing the magnitude of numbers as they estimated how many might be found in school yard, Michigan and the world. One would expect more accuracy with the school yard estimate. 

4. From the data on Item 6 on wild and supermarket strawberries and on Item 7 on the school of fish, it seems that students attributed the differences observed to a very large extent to environmental causes including man and to a very less extent to genetic mechanisms. On Item 10, the different traits were understood to have been inherited from one of the parents! So the hidden mechanisms of genetic mutation and genetic recombination etc are not evident for the students. 
5. The advantage of a more diverse population seem to be realized by the students but their explanations were focused on behaviors that they can relate to, such as, adults helping young ones, small elephants needing less water. Students do not seem to understand the intervening processes between prevalence of variations among individuals in a population ( those with the drought-resistant trait being adapted to survive during scarcity of water (being selected for) ( differential survival ( increased chances of reproducing offspring with that trait ( population changes (an increase in the numbers of individuals with the favorable drought-resistant trait).

6. On Item 9, it evident that students understand the different roles that different organisms play in an ecosystem.

7. In answering Item 12 on the invasive species, students seem to describe what happens in human terms, such as killing, getting shocked, dealing with , driving out etc. without explaining HOW each action is implemented.
8. In Item 13 students’ responses seemed to infer that the dogs that are being deliberately bred by man are not subjected to natural selection. It is who mates with who that man is controlling in artificial selection. After that nature takes its course.
9. Lastly, in Item 14, on the differences in the biodiversity at the equatorial and polar regions, students fell short in their explaining how the warm temperature and the wetter climate combine to enable that many more species to flourish. This is due to their not relating these species to photosynthesis and other processes.

10.  On the whole, students seem to explain ecological processes better than evolutionary one which they do not experience directly.

11. Lastly  language seems to be a limiting factor in their explanations 
12. Students reasoning can be mapped on to the four levels of reasoning complexity under each of the three progress variables. Students seem not to explain observed phenomena in terms of “Tracing of information” and in terms of “Changes over time”, because it was difficult to pick exemplars of these two progress variables’ levels of explanations, from among the students’ responses. 
The end.
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