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Together with „generations“ of teacher preservice students we developed and practiced the geometry teaching unit „We Build a Village“. On the base of these experiences the research project „Village“ emerged. In this paper we report on results from an investigation in eight primary schools with 376 pupils.

1   Geometry "BEgreifen"

"Begreifen" is a German word with a double meaning. On the one hand "begreifen" means to touch or to feel physically (with your hands), on the other hand it means "understanding" (in your head). Thus "begreifen" is a synonym for Piaget's "thinking is internalized action", it points out the distinction between "Darstellungen" and "Vorstellungen" (Meissner 2002), and may be taken to characterize the methodology of the teach​ing course "We build a village".

This teaching unit of 7 to 9 lessons introduces geometry concepts of plane and three dimensional geometry in primary schools. The children (age 8-10 years) work with about 35 different solids, made by styroform, by wood, by paper developments, or by plastics. There is not much language involved in the teaching process. Many different activities of the children form the lessons: Sorting and classifying, folding, drawing, cutting, constructing developments, using plasticine, building solids and houses by their developments. For the teacher there are no exercises to delegate and no skills which must be trained by the pupils. The teacher’s role is not to explain, to guide or to demonstrate but to explore or to interpret the children's mental processes or concept images (Vorstellungen) to further the children's "relational" or "conceptual" understanding (Skemp 1976, Meissner 2002). At the end of the course the children build their own village with a grocery store, a church, a school, and other houses, including a creek, streets, and parking areas. For more details of this teaching unit see Tonn 1990 or Meissner 1992 and 1995 or Mueller-Philipp/Meissner 1997.

The unit was developed in 1988 and improved since then in a spiral approach by many "generations" of teacher students during their 3-years preservice education. A lot of personal experiences were collected and many videos were taken. But how to measure scientifically the “success” of such a teaching unit?

2   the  research  project 

An investigation was designed to evaluate the unit in parallel at 8 different primary schools with one experimental and one control class at each school (third grades): 

(1)   Concept formation: How develop geometry concept images (“Vorstellungen”)? 

(2)   Pre- and post-test: Which spatial abilities develop?

The teachers for the experimental classes got detailed materials and a careful instruction what to do and how to use the materials in the sequence of 7 lessons. Teacher students joint the lessons to observe and to video tape interesting situations. The pre-test was administered immediately before the start and the post-test six weeks after the end of the teaching unit. The control classes got the same tests at the same time with a regular teaching in between the tests (without geometry topics). In this paper we concentrate
 on question (2). To describe the results we first present the test.

Task 1:   Where was the photographer?
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   (a) in boat ___      (b) in boat ___      (c) in boat___


Task 2:  Through which window do you see the chair?
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(a) window ____    (b) window ____    (c) window ____  


Task 3: 
How many small cubes?
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 (a) ___ cubes 
  (b) ___ cubes 
             (c) ___ cubes 
(d) ___ cubes

Task 4: 
Which hand?
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 hand A            hand B
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   (a) hand___    (b) hand___      (c) hand___     (d) hand__


Task 5:   A box with a Smily on top and a Growi below will be turned around in front of the class along a given sequence of movements. (But then to work on the test items the students do not get a real box)   -   Question: Which will be on top, Smily or Growi?
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(a)



(b)

Task 6:   The same box?
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    Yes    No             Yes    No                       Yes   No       Yes    No

          (a)                       (b)                                 (c)                  (d)


Task 7:   Correct development?


	
	           Yes    No                  Yes    No                    Yes    No                 

                 (a)                             (b)                              (c)   

                     

	

	           Yes    No               Yes   No                      Yes    No                 

                 (d)                         (e)                                 (f)                        

	
	


Task 8:   Color the edge which belongs to the black edge when you construct the cube:

           

      (a)

  
  (b)


(c)

Task 9:
Which symbol? Draw the symbol:
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                (a)                                      (b)  



3   Results 

376 students participated. 351 took both tests, 184 in the experimental classes and 167 in the control classes. First we will use the pre-test data to give a survey about the spatial abilities of third graders without a specific schooling in geometry. Then we will evaluate the “success” of the teaching unit. And, are there gender differences?

3.1 Pre-test results

The tests were administered at the beginning of the third grade. The students are from schools in Northern Germany (City of Muenster and rural surroundings). According to their teachers they had no special geometry lectures in their two years of primary school before. Tab. 1 gives a survey on the test results.

	pre-test
	
	for the
	31 items
	for the
	9 tasks

	results
	N
	mean
	stand.deviat.
	mean
	stand.deviat.

	all
	351
	54,57
	,14429
	52,92
	,14621

	boys
	174
	56,43
	,14266
	55,15
	,14243

	girls
	177
	52,74
	,14394
	50,72
	,14696

	significance
	
	,016
	
	,004
	


Tab. 1. Pre-test results and gender differences

The t-test indicates that there are gender differences. We look for the details of the nine tasks. The graph presents the results from the boys (left) and the girls (right).
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	Task
	1
	2
	3
	4
	5
	6
	7
	8
	9

	boys
	54,60
	73,56
	63,79
	69,83
	61,49
	65,66
	51,25
	25,10
	31,03

	girls
	53,11
	73,82
	54,10
	67,94
	38,98
	59,89
	51,13
	26,74
	30,79

	all
	53,85
	73,69
	58,90
	68,87
	50,14
	62,75
	51,19
	25,93
	30,91


Tab. 2. Tasks 1-9, mean values for boys (N=174) and girls (N=177)

Comparing the different mean values we find significant differences between boys and girls only for task 3 (p=0,005) and task 5 (p<0,001). 

To measure the effect of the teaching unit we also have to compare the results from the experimental classes with those from the control classes. Comparing the mean values we find some surprising and unexpected results, see Tab. 3.  The control group in the pre-test has significantly better results than the experimental group and this difference originates from the boys of the control group. The mean values for girls and boys are not significantly different in the experimental group (p>0,2) but significantly different in the control group (p=0,005). 

	
	experimental group(9 tasks)
	
	control group(9 tasks)
	
	

	
	mean 
	stand.deviat.
	mean 
	stand.deviat.
	significance

	all
	51,25
	,13804
	54,75
	,15305
	p=0,025

	boys
	52,42
	,13067
	58,00
	,14929
	p=0,010

	girls
	50,16
	,14443
	51,38
	,15046
	p>0,5


Tab. 3. Pre-test results from experimental (N=184) and control group (N=167)

Our research team was surprised and astonished. We had many suggestions and theories and we interviewed the teachers and the participating teacher students. But there were no reasonable explanations. In each school we had one experimental class and one control class, both third grade. The teachers and their classes participated voluntarily and they had decided on their own without any recommendations by members of the project team how to participate, if in the experimental group or in the control group. Obviously there were additional criteria, conscious or unconscious, but we could not find out.

3.2 Results from the experimental group

	Task

	1
	2
	3
	4
	5
	6
	7
	8
	9
	1-9

	pre-test
	52,72
	73,91
	54,76
	65,22
	47,55
	60,05
	50,27
	26,09
	30,71
	51,25

	post-test
	66,49
	79,89
	65,22
	78,53
	58,42
	73,23
	58,97
	45,29
	31,25
	61,92

	signif. 
	,000
	,051
	,000
	,000
	,001
	,000
	,000
	,000
	,868
	,000


Tab. 4. Pre-test vs. post-test in the experimental group (N=184)
	Item
	pre
	post
	signif.

	1a
	42,93
	58,70
	,002

	1b
	68,48
	76,63
	,043

	1c
	46,74
	64,13
	,000

	2a
	65,76
	74,46
	,032

	2b
	66,85
	73,91
	,080

	2c
	89,13
	91,30
	,494

	3a
	77,72
	85,87
	,032

	3b
	64,13
	76,63
	,001

	3c
	47,28
	56,52
	,043

	3d
	29,89
	41,85
	,004

	4a
	75,00
	88,04
	,001

	4b
	73,91
	85,87
	,004

	4c
	51,09
	68,48
	,000

	4d
	60,87
	71,74
	,016

	5a
	36,41
	44,02
	,071

	5b
	58,70
	72,83
	,002

	Item
	pre
	post
	signif.

	6a
	74,46
	82,07
	,061

	6b
	60,87
	74,46
	,007

	6c
	53,26
	66,85
	,002

	6d
	51,63
	69,57
	,000

	7a
	67,93
	79,35
	,014

	7b
	26,09
	48,37
	,000

	7c
	61,96
	68,48
	,164

	7d
	63,59
	55,98
	,122

	7e
	63,59
	67,39
	,394

	7f
	18,48
	34,24
	,000

	8a
	39,13
	54,89
	,000

	8b
	27,17
	56,52
	,000

	8c
	11,96
	24,46
	,000

	9a
	28,26
	28,80
	,897

	9b
	33,15
	33,70
	,911


Tab. 5. Pre-test vs. post-test, all items (experimental group, N=184)

We already know there are no significant mean differences according to gender in the pre-test (p > 0,2). The same is true for the post-test (p > 0,8). Summarizing Tab. 4 and 5 we should argue that the teaching unit had a great success, but … .

To measure that “success” we used a test which was totally new for all children. They were not familiar with that kind of testing and also not with that kind of mathematical content. Thus, the test improvement also could be explained as an effect of re-test phenomena. The children now knew and, may be, even remembered the items and how to work on them. Then of course the test results still are valuable, but we cannot separate the re-test phenomena and a success of the teaching unit.

This was the reason why we administered the same tests at the same time in the same school also in a second class in parallel to the experimental class. In these control classes the regular teaching continued between the two tests without geometry topics. 



Abb. 11. Re-Test-Phänomene
Fig. 1. Re-test phenomena

trol group. As usual, we expected that in the pre-test both groups have similar results. But this was not true, as already mentioned, the control group had a higher perform​ance than the experimental group. But in the post-test, surprisingly, there are no more significant differences between experimental group and control group (p>0,44). That means the experimental group succeeded to catch up with the control group. 

Perhaps this might have been a (conscious or unconscious) goal of the schools when they decided which class should get the geometry teaching. But none of the schools agreed to that thesis.

4   Summary 

Our teaching unit concentrates on developing geometry ”Vorstellungen”, i.e. concept images and flexible mental processes (Pinkernell 2003). In this paper we described how some of these spatial abilities were performed. Interpreting the pre-test results from 351 students we find a reasonable solid ”performance” even without a special schooling and the performance still improves when the test is repeated. 

The ”teaching” of the unit gives an additional gain for the participants, not only via an increase of scores. When working on the post-test we observed especially in the experimental classes an intensive interaction between reading and thinking, gesticu​lating with fingers and hands, and answering then. The children realized "begreifen". 
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Differences in the test scores then might help to separate possible re-test phenom�ena, see Fig. 1. That means we first must compare the pre- and post-test results from the control group.


The mean values of the 9 tasks together  differ significantly (p<0,001) and also for each of the tasks 1 to 8 we have significant mean differences (p between 0,000 and 0,044). To summarize, there is a strong re-test phenomenon!


Thus we compare the results from the ex�perimental group with those from the con-




















� Question (1) already is analyzed in the dissertation Pinkernell 2003


� Administering the tests we already realized that task 9 was too difficult for the children
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