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Figure 3.6a. STEMPLOTS: Rat Brain Weights

The dat a fo r this Fig ure 3.6a are giv en ove r leaf in the table at the upper rig ht on pag e 3.14 .

Rat Brain Corte x We i g hts (mg)
(Unor der ed leaves)

57 8 ( 1)

58 9 ( 1)

59 33 ( 2)

60 05332 ( 5)

61 22 ( 2)

62 3714 ( 4)

63 35528 ( 5)

64 76029 28777 4217 0 91 2 (18)

65 63724 82016 78162 533 (18)

66 80349 87521 08 (12)

67 96635 97080 0928 (14)

68 95092 7 ( 6)

69 49608 20636 4 (11)

70 78105 ( 5)

71 28881 10 ( 7)

72 08 ( 2)

73 ( --)

74 0592 ( 4)

75 1 ( 1)

(118)

Rat Brain Corte x We i g hts (mg)
(Or der ed leaves)

57 8 ( 1)

58 9 ( 1)

59 33 ( 2)

60 02335 ( 5)

61 22 ( 2)

62 1347 ( 4)

63 23558 ( 5)

64 0011 2 22246 77777 889 (18)

65 011 22 23334 56667 778 (18)

66 00123 45788 89 (12)

67 00023 56678 8999 (14)

68 02579 9 ( 6)

69 00234 46668 9 ( 11)

70 01578 ( 5)

71 01128 88 ( 7)

72 08 ( 2)

73 ( --)

74 0259 ( 4)

75 1 ( 1)

(118)

Enriche d Environment
(o r dered)

57 (--)

58 (--)

59 (--)

60 (--)

61 (--)

62 4 (1)

63 38 (2)

64 07779 9 (6)

65 12333 568 (8)

66 00348 8 (6)

67 06799 9 (6)

68 02579 (5)

69 00466 69 (7)

70 017 8 (4)

71 01128 88 (7)

72 08 (2)

73 (--)

74 0259 (4)

75 1 (1)

(59)

Impove rishe d Environment
(o r dered)

57 8 ( 1)

58 9 ( 1)

59 33 ( 2)

60 02335 ( 5)

61 22 ( 2)

62 137 ( 3)

63 255 ( 3)

64 011 22 22467 78 (12)

65 01224 66778 (10)

66 12578 9 ( 6)

67 00235 688 ( 8)

68 9 ( 1)

69 2348 ( 4)

70 5 ( 1)

71 ( --)

72 ( --)

73 ( --)

74 ( --)

75 ( --)

(59)

Enriche d Impove rishe d

(o r dered) (o r dered)

(--) 57 8 ( 1)

(--) 58 9 ( 1)

(--) 59 33 ( 2)

(--) 60 02335 ( 5)

(--) 61 22 ( 2)

(1) 4 62 137 ( 3)

(2) 83 63 255 ( 3)

(6) 9 97770 64 011 22 22467 78 (12)

(8) 865 33321 65 01224 66778 (10)

(6) 8 84300 66 12578 9 ( 6)

(6) 9 99760 67 00235 688 ( 8)

(5) 97520 68 9 ( 1)

(7) 96 66400 69 2348 ( 4)

(4) 8710 70 5 ( 1)

(7) 88 8211 0 71 ( --)

(2) 80 72 ( --)

(--) 73 ( --)

(4) 9520 74 ( --)

(1) 1 75 ( --)

(59) (59)

DATA SOURCE: Freedma n, D., Pis a n i, R. and Pur ves, R.: St atist i cs. W. W. Nor ton & Company, Inc., 1978, pag e 452.

Back gro und: It has long been assume d that an anima l’s exper ienc e produces chemical or phy sical change s in its brain, but
conv incing evi denc e fo r su ch change s ha s been availa ble only sin ce the 1960s. Wor k in this are a at the Unive rsity of Califor nia,
Be rkele y, inv olved studying the brain s of geneti c a l ly pure strain s of rat s which had been expos ed, usually from the tim e of
we ening onw ards, to one of the fol low ing three env ironm e n t s:
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• sta n dar d – a few rat s live d in a cag e of adequ ate size wit h food and wat e r always pre sent;

• en riched – a few rat s live d in a large cag e fur nis hed with a varie ty of obj ect s they cou ld play wit h; a new set of playt hings,
draw n ou t of a pool of 25 obj ect s , wa s placed in the cage eve ry day ;

• impover ish ed – each rat liv ed alon e in a cag e.

In a typical exper iment, a dozen set s of three male lit ter mat es were studied, wit h random assig nment of the rat s within each
set to the three env ironm e n t s. Many such exper iments were car rie d ou t ov er a period of years, inv olv ing sev eral different
st r ains of rat s and also laborato ry mic e and gerbils; gene r ally sim ilar effects were obs erved throug hou t the inv estig a t ion. Wit h-
in each exper iment, at the end of a pre det e r-
mine d ex per iment al period (rang ing from a
fe w days to sev eral mon ths), the anima ls were
sacr ific e d and their brain s remove d. The
brain dis s ectio n and analys is of each set of
thre e li tter mat es were don e in immediat e su c-
cessio n but in random order; in addit ion, the
specim e ns were identifie d only by a code
number so that the person doi ng the disse c-
tion did not know whi c h cage the rat came
fr om. A sm all par t of the data on brain cor-
tex weights (in mg), inv olv ing rat s fr om the
enriche d (E) and the impov erish ed (I) envi-
ronm e n t s , are tablu ated at the rig ht.

Expt. #1 Expt. #2 Expt. #3 Expt. #4 Expt. #5
E I  E I  E I  E I  E I

689 657 707 669 690 668 700 662 640 641
656 623 740 650 701 667 718 705 655 589
668 652 74 5 651 685 647 679 656 624 603
660 654 652 627 751 693 742 652 682 642
679 658 649 656 647 635 728 578 687 612
663 646 676 642 647 644 677 678 653 603

664 600 699 698 720 665 696 670 653 593
647 640 696 648 718 689 711 647 660 672
694 605 71 2 676 718 642 670 632 668 61 2
633 635 708 657 696 673 651 661 679 678
653 642 749 692 658 675 711 670 638 593

690 621 680 641 710 694 649 602

REFERENCE: Ro senzweig, M.R., Bennett, E.L. &  Dia mon d, M.C.: Brain Change s in Respons e to Exper ienc e. Scient ific
Am erica n 226(#2): 22-29 (1972). See also: Exe rci sed brain s. Scient ific America n 212(#1): 52 (1965).

In the spaces provi ded on the lowe r half of pag e 3.13 ove r leaf, con str uct sep arate stemplo t s (w ith or der ed le ave s) of the
brain cor tex weight dat a fo r the groups of ‘enriche d’ and ‘im pov erish ed’ rat s.

• Check you r plo t s by confi rming that each con tains 59 leave s and that the total number of leave s in each pair of cor res -
ponding stems (i.e., row s) agrees wit h the relev a n t number giv en in the upper two plo t s.

• On a sep arate she et of paper, refor mat you r two se p ara te plo t s as back-to-back plo t s.

−− Explain briefly whi c h of the two types of stemplo t (s eparate or back-to-back) is more effective in this con tex t.

1

What di ffere nce (s) do your stemplo t s in d i c ate bet ween the brain cor tex weights of the groups of ‘enriche d’ and ‘im pov erish ed’ rat s.

• How can you accou nt for you r obs ervation s on the basis of the backg rou nd infor mation provi ded above?

2

In what sense, if any, do thes e data pr ove that the envi ron ment affe cts the anatomy of the brain:

• in rodents; • in hum ans? Giv e your reason s br iefly.

3

As mentio ned in the backg rou nd infor mation giv en above, the inv estig a t ion included the fol low ing procedure s:

• the rat s in each set assig ned to the three env ironm e n t s we re li ttermates;

• within each set of lit ter mat es, the assig nment to the three env ironm e n t s wa s ma de eq uiprobably (‘at random’) ;

• the brain s fr om each set of three rats were dis s ect e d in succession;

• the brain s we re coded so that the person doi ng the disse ction di d not know fr om whi c h envi ron ment a rat had come.

Explain briefly the impor tanc e of each procedure to the Pla n fo r the inv estig a t ion.

4

Su gge s t a rea son why only 11 (in stead of 12) pairs of obs ervation s came from Exper iment #1.5

On pag e 28 of the referenc e give n abov e, the authors state: The effect of exper iment al envi ron ments on the brain s of anima ls has
so m etim e s been cit e d as bearing on problems of hum an edu cation. We shoul d li ke to sou nd a cau tio nar y note in this regard . It is diffi-
cult to ext r apola te from an exper iment wit h rats unde r on e set of con d ition s to the beh aviour of rat s un d er another set of con d ition s, and it
is much risk ier to ext r apola te from a  rat to a mou se to a monkey to a hum an. We hav e fo und gen erally sim ilar brain change s as a res ult
of exper ienc e in sev eral specie s of rodents, and this appears to hav e fo stered the assump tion that sim ilar res ult s may be fou nd wit h carni-
vo res and wit h prim ates, inclu ding man. Only fur the r re search wil l sh ow whether or not this is so. Anima l re search raises que s tion s and
allow s us to test con cep t s and technique s , so m e of whi c h may lat e r prov e us eful in res earch wit h hu man sub jects.

• Conc e rning the dange rs of extra pol ation which are raise d in this exc e rpt from the referenc e:

−− Can you think of an exa mple (e.g., from drug testing in medicin e) whe re an ext r apola t ion from an aminal model to
hu mans did not hold up and, as a res ult, ser iou s harm ens ued?

−− Can you think of a sub ject are a where different ext r apola t ion s fr om math ematical models giv e rise to different pre dic-
tion s and, henc e, to appre ciably different reg ula tor y le gisla t ion in different cou ntr ies?

Explain, in sim p le ter ms, how differenc es in pre diction s, base d on ext r apola t ion s fr om mat hem ati c a l models , aris e.

6
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