Feedback on Concept Mapping Implementation 2

Analysis:  Comments on Students’ Cell Reproduction Maps (Maps 1-24)

CR = Cell Reproduction Map; MIT= Mitosis detail map; MEI= Meiosis detail map

1. CR: GREAT  CLEAR hierarchy; propositional linkages; crosslink of binary fission and mitosis to asexual reproduction.  MIT: clear, but linkages don’t open; MEI:  unusal rep of phases in vertical fashion with somewhat “spaghetti linkages” across the middle of the map.  Good use of color to emphasize the “backbone of the map is the phases.  Details are present.

2. CR:  OK, although order of phases seems “upside down” to my eye.  Sister chromatids and chromatids are oddly placed and meaning is unclear.  Concepts of “meiosis” and “sexual reproduction” could easily be shifted to be on the same hierarchical level of “mitosis” and “asexual reproduction.”  Links visuals well.  Where are the submaps of mitosis and meiosis?

3. CR:  This map demonstrates lack of conceptual thinking.  There are sentences, some of which are correct.  Note that the overall structure of the map is strung out sentences.  There is NOT a sense of hierarchy of some general ideas having more detailed ideas below.  No submaps of mitosis and meiosis.  Clear misconceptions.

4. CR:  Good, clear map with clear connections.  Linkages not working.

5. CR:  Puts Prokaryote and eukaryote at the top of the hierarchy, thus de-emphasizing cell reproduction.  Omission:  while it DOES correctly connect binary fission to asexual reproduction, it does NOT connect mitosis to asexual reproduction.  Does this student assume that plant and animal cells are only using sexual reproduction?  Links work.  MEI:  fine  MIT: fine.  Does this student assume cytokinesis is part of mitosis?

6. CR:  Nice use of color to separate eukaryotes and prokaryotes.  Many linkages are fine.  However, there are some hierarchy problems.  Note the polygon formed by plants cells, animals cells, and cell cycle.  It is very odd to place “mitosis” so low in the map.  Plant cells, cell plate, mitosis, cytokinesis, and cleavage furrow strew down the left side in a “spaghetti sentence.”  Yes, those words are connected, but they’re not clearly presented in a hierarchical fashion.  There appears to be some confusion about some of the connections.  One might ask:  a.  How are homologous chromosomes related to the concepts of diploid and haploid?  B.  How are sex chromosomes related to sexual reproduction?  Are they the only chromosomes involved in sexual reproduction?  Should gametes, in addition to somatic cells, be linked to chromosomes?  Just how are mitosis and meiosis linked to animal cell reproduction? Good that links open up.  MIT:  OK; link does not open.  MEI: WOW:  Fabulous use of color-coding and well-organized.  CLEAR connections of crossing over and independent assortment to genetic recombination (which is repeated and could easily be “cross-linked.).  Nice work!

7. Nothing really.

8. 8a is just getting started.  Would suggest lining up phases left to right and there need to be higher level “Meiosis 1” and “Meiosis 2” concepts.  8b has full descriptions of the phases of mitosis but they are strung out like sentences and there are MANY multiple-word bubbles.  This person needs to learn to identify a “concept” and simplify the connections.  This person would be happy to learn about the tool to add detailed information that is not as “salient” in a “mouse-over box.”

9. CR:  This map shows a lot of good thinking.  There are times that two words belong on the same level, but are joined by “and” like a sentence.  (For example, Autosomes and sex chromosomes.)  This person claims that “asexual reproduction”  occurs in some eukaryotes.  I would ask “under what circumstances?” Linkages work.  MEI:  good crosslink between MEI 2 and Mitosis.  Could work at making arrows between phases consistent.  Gets a bit “spaghetti” with all the links to chromosomes and does not in detail distinguish the different forms of DNA:  chromatin, chromatids, tetrads, etc.  Also does not indicate where meiosis gives rise to genetic recombination.  MIT: Not much detail.  Good crosslink between telophase and prophase as “opposites.”  Links work.  

10. CR:  Generally, fine.  The connecting words tend to be too detailed.  Concise would be better.  Also, compressing the concepts closer together instead of spread out so much would allow the viewer to see more of the connections simultaneously.  Links do not work.  The MEI and MIT maps form a concept web rather than hierarchical pattern.  This appears to be done so “it will all fit.”  Again, being more concise with concept and linking words would reduce the need to create the spiral display.  However, it IS an interesting representation to discuss.  Spiral issues aside, in the MEI map, I would encourage consistency.  One of MEI divisions goes clockwise, the other counterclockwise.

11. CR:  Nice clear hierarchy in general.  G1, S and G2 should go beneath “interphase.”  Ah, there seems to be an idea that an organism’s growth happens during interphase.  This is mixing up organismal growth with cellular growth.  Very interesting.  Also, there is confusion about the relationship of chromosomes to diploid number and autosomes.  Again, unclear relationships among gametes, haploid, and sex chromosomes. Missed an opportunity to crosslink asexual reproduction via mitosis and binary fission. Most links open.  Why is human life cycle linked to somatic cells? MEI:  OK.  Plenty of detail. Strung out vertically.  Could be more concise.  Two visuals OK.  Where is visual for Meiosis I?  MIT:  fine.  Try to minimize number of words in each bubble.  Links work.

12. 12aMIT:  OK.  Has all the phases.  Some of the linking words are not clear.  Needs spellcheck.  There are no attached visuals.  I would want this person to explain their map to me verbally.  12b MEI 2:  OK: Strewn lengthwise, so not sure if students understand connections among these three maps.  12c: MEI1:  good understanding of crossing over giving rise to genetic recombination and that “haploid” begins in Anaphase 1.

13. CR.  Some good thinking here.  Overall shows hierarchical structure although not as integrated as some.  (For instance, animal and plant cells with cleavage furrow and cell plate are NOT integrated with cytokinesis.) Chromosomes when duplicated become “sister chromosomes.”  Well, it’s “sister chromatids.”  My only concern is that they might be mixing up sister chromatids with homologous chromosomes.  A verbal explanation from the students would clarify their thinking.  Very interesting to put both mitosis and meiosis underneath cell cycle.  What do you think of that, Elliott?  Works for me, but it’s NOT what I would have put.  I mean, after all, developmentally, don’t cells go through interphase before meiosis as well as mitosis?  However, I don’t think you’ll see any biology texts putting it quite this way!  Frankly, I think it shows some thought!  I don’t see growth, repair.  Hm.  Mitosis and meiosios are repeated. . . .not necessary.  Links work.  MIT:  clear mapping.  BUT shows improper description of chromosome behavior during prophase and metaphase!  Especially bad since the correct metaphase figure is attached! MEI:  OK, but would be better to link independent assortment and homologous chromosomes with Metaphase 1.

14. CR.  Hm.  Seems to be some confusion and misconceptions here.  When students say, “Chromosomes ‘divide’ into sister chromatids, what do they mean?”  It’s more like multiplication than division, isn’t it?  Hierarchy issues:  Cell cycle includes mitosis and cytokinesis.  This map has cell plate over with binary fission instead of with cytokinesis.  This map does not connect cleavage furrow with animal cells and cell plate with plant cells.  “Sexual reproduction includes somatic cells that consist of sister chromatids which are two chromosomes called homologous chromosomes which split into autosomes and sex chromosomes.”  That’s confusion!  “Humans have haploid cells and diploid cells” doesn’t tell me much!  This student has some sorting out to do!  MIT:  fine.  Vertically oriented phases.  Links work.  MEI:  BEAUTIFUL with vertical alignment of phases and color coding of Meiosis 1 and Meiosis 2 and shading of concepts.  Independent assortment is excluded. This is particularly interesting since the map says “maternal and paternal chromosome pulled to opposite sides,” which makes me think this student is MISSING the idea of independent assortment. Links work.

15.  CR:  tendency to string sentence-like rather than branch and cluster concepts.  Animal and plant cells are oddly positioned. . . OK connection to eukaryotic cells, but would be better served where they have cytokinesis.  Cleavage furrows and cell plates should have “parallel connections” to cytokinesis.  Good crosslink to asexual reproduction between mitosis and binary fission.  Cell cycle visual opens, but map does not reflect its hierarchy.  MIT:  “Anaphase moves independent assortment.”  That makes no sense.  Vertical arrangement is clear, however.  MEI 2:  vertical. . . clear.  Independent assortment concept needs to be clarified.

16. 16aMEI Nice color coding.  Clear visual presentation.  Good linkage of crossing over with genetic  recombination; independent assortment appropriately linked.  “Tetrads line up on equator” needs to be shifted left under metaphase.  Currently positioned under anaphase. . . although the linkage is to “tetrads” rather than directly to the phase.  Good crosslink to mitosis in the second division of meiosis.  Links to visuals work.  Very interesting map to view.  16bMIT:  beautiful map with one very clear misconception:  “Homologous chromosome pairs align at the equator in metaphase of mitosis.”  These detail maps are not linked to a CR map.

17. As with one prior map, this map shows the cell cycle comprised of interphase (its subunits) leading to either mitosis or meiosis.  This map shows a lot of thought.  Note that interphase is linked to tissue repair and “cell” growth. . . unlike a prior map that linked interphase to organismal growth.  Still worth addressing this idea.  Binary fission is not linked to prokaryotes.  MEI:  OK  Vertical orientation.  MIT:  Fine.  Attachments work.

18. CR  Attractive background color.  Sexual and asexual reproduction not integrated with other concepts.  Concepts under meiosis don’t make particular sense.  Relationship of chromosomes and chromatids and chromatin are unclear.  Function of mitosis is clear.  Cytokinesis is not seen as part of “mitotic phase, but is on some level of hierarchy as “interphase.” MEI:  The strength of this map is the budding connections of crossing over with genetic recombination. Independent assortment should be linked with Metaphase I.  The listing of phases is weak from a mapping point of view and no details are offered about what is happening.  No visual links.  MIT:  Misconception:  Prophase contains homologous chromosomes.  Anaphase happenings are unclear.

19. Some good thinking here.  Good general hierarchy.  Mitosis needs to be linked to the cell cycle. “Sex chromosomes and autosomes divide into sister chromatids for division during prophase.”  That’s a problem.  Links work.  No connections to mitosis and meiosis detail maps.

20. CR  Some hierarchy problems.  Cytokinesis should be higher.  (note the polygon shape that is created.)  “Sexual reproduction occurs through the cell cycle.”  Confused relationships among cytokinesis, sister chromatids, chromatin, autosomes, sex chromosomes.  Meiosis produces both haploid and diploid.  Somatic cells are linked to meiosis, while a link to mitosis would be more appropriate.  Links work.  MIT:  linear lacking in detail.  Needs “mitosis” at the top.  MEI: Although this is a bit “strung out,”  I think they’ve “got it.”  This map, although it’s a bit confusing, DOES seem to clarify the relationship of crossing over and independent assortment to genetic recombination!

21. CR:  Red!  Mitosis is not connected to cell cycle!  Understands relationship of mitosis to diploids and somatic cells. . . not everyone got that!  Does not connect plant cells with meiosis, only animal cells.  Strings together concepts under meiosis (sentence-like).  Interestingly, cell cycle is located ABOVE  the split in asexual and sexual reproduction.  We’ve seen this before!  MIT:  clear.  Needs to review relationship of telophase to cytokinesis.  Good links.  MEI  Very pretty map, again.  Very clear with color coding.  However, there are two prophase II concepts.  Also, this student needs to rethink the connections of independent assortment to other concepts.  Links work.

22. CR  Colorful!  Many good individual connections.  Could use some more integration work.  For instance, mitosis is not connected to cell cycle.  The connection between mitosis and asexual reproduction is not made. Again, cytokinesis is found under telophase.  What is odd is the claim that all the phases occur “in cell,” except for prophase which occurs “within chromosome.”  Also, the role of sister chromatids is very confused in prophase and metaphase.  Attachments work.  MEI:  “A tetrad is four chromosomes.”  Needs to clarify “chromatids, sister chromatids, sister chromosomes.”  Attachments work.

23. CR  Mitosis is not linked to its phases as part of the cell cycle; nor is it linked to asexual reproduction.  Doesn’t distinguish the differing roles of mitosis and meiosis clearly.  For instance, “cell reproduction” is responsible for growth and repair. . . not just mitosis.  “Meiosis produces sex chromosomes.”  Needs more integration:  plant cells with cell plate and animal cells with cleavage furrow need to be linked to the appropriate phase.  Links work.  MIT:  OK.  Spell check.  Check relationship of telophase to cytokinesis.  Attachments work.  MEI: Very nice.  Very clear.  Has two connected maps with Mei 1 and Mei 2.  However, Mei 1 needs to include genetic recombination, crossing over, and independent assortment.

24. CR:  Some hierarchy issues:  Asexual rep., sexual rep., binary fission, and cell cycle are all on the same level, for instance.  A bit spindly and needs more clear branching.  Attachments open!  Bad news is mitosis is not linked to the cell cycle.  “Somatic cells are autosomes.” MIT:  needs clarification of linking words.  What happens in metaphase?  Spellcheck.  MEI: Spellcheck.  Relationship of independent assortment and crossing over and genetic recombination needs to be clarified.

Summary of Misconceptions

1. Cell cycle occurs in eukaryotes, but not prokaryotes. 3

2. G1, G2, S are considered “in addition” to interphase rather than subsets of interphases. 3

3. Binary fission is a form of sexual reproduction. 3

4. “Diploid are autosomes.”  Doesn’t understand that a full set of chromosomes whether diploid or haploid includes both autosomes and sex chromosomes.

5. Cytokinesis is part of telophase. (many maps)

6. During prophase, chromosomes pair up.  9

7. Haploid cells include somatic cells.

8. Diploid have autosomes; gametes have sex chromosomes 11

9. Interphase “this happens” organism’s growth.  11

10. There is a lot of confusion about sexual reproduction, sex chromosomes, and chromosome number.

11. Meiosis 2 still has homologous chromosomes. 11

12. Chromosomes when duplicated become “sister chromosomes.” 13

13. Prophase is when chromosomes line up on the equator. They come apart in metaphase. 13

14. Eukaryotic cells are animal cells and prokaryotic cells are plant cells. 14

15. Animal cells undergo asexual reproduction and humans undergo sexual reproduction.  14

16. Sexual reproduction includes somatic cells that consist of sister chromatids which are two chromosomes called homologous chromosomes which split into autosomes and sex chromosomes.

17. Diploid nucleus whose pairs are autosomes.  What does that mean? 15

18. “Meiosis makes gender-determining sex chromosomes.”  15

19. “Anaphase moves independent assortment.”  15

20. “Homologous chromosome pairs align at the equator in metaphase of mitosis.” 16a

21. Prophase contains homologous chromosomes.  18

22. “Sex chromosomes and autosomes divide into sister chromatids for division during prophase.” 19

23. “Sexual reproduction occurs through the cell cycle.”  20

24. Meiosis produces both haploid and diploid.  20

25. All the mitotic phases occur “in cell,” except for prophase which occurs “within chromosome.”  22

26. In mitosis, the role of sister chromatids is very confused in prophase and metaphase. 22

27.  “A tetrad is four chromosomes.” 22

28. Meiosis produces sex chromosomes.  23

29. “Somatic cells are autosomes.” 24

30. “Gametes have sex chromosomes.”  This implies that Diploid cells do NOT have sex chromosomes.

Global Reflections

In the future, I would have students concept map what happens to the chromosomes on the detail maps and put the spindle, nuclear membrane details on a mouse over.  They are NOT essential.  While connecting crossing over and independent assortment to sexual reproduction and genetic recombination and meiosis (I) IS essential.  (Many students are omitting independent assortment and genetic recombination from their Meiosis maps.)  It is interesting that while linkages are often correct, the most important linkages (salience) are sometimes missed.  

Commonly confused concepts.  The relationship between telophase and cytokinesis is unclear.  For many students the hierarchical relationship of cell cycle to interphase (and its subsections) and mitotic phase (and its subsections) remains unclear.  The relationship of chromatin and chromosomes, sister chromatids, and homologous chromosomes challenges many students.  The introduction of sex chromosomes and autosomes at this point has created a lot of confusion.  They don’t know what those concepts have to do with haploid and diploid, with mitosis and meiosis.
