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. ¢ .
. APPLICATIONS OF VERTEX COLORING PROBLEMS
‘
FOR GRAPHS
. ’ »

INTRODUCT}ON,

. ) . 1.
. ‘ ’

One of the great strgngths of mathematlcs Iies in
the fact that apnarentlv diverse real world quegglpns
translate into the‘ same mathematical questlon Q.Hencc
by studying a mathematical ploblem one often has a tool

- of surprisingly diverse usability.

- #

2. SOME EXAMPLES N - ..
EXAMPLE 1 i .
- "~ The reglstrar of a college is- plannlng to_schedule

the final examlnatlons for the summer session of the

college The courses offered meet at the following time§:

) -
ot

M, W, F, 9 .
M,.W, 9 F, 10 fiue., Monday and Wednesda! at 9,

~ Section: A

AB
NS T, ™, 9 Frlday at.IO) -
\ — [ I B
. : B M, T, TH, 18 .
W, F, 16 .
) .« 2
BC M, W, 10 F, 11
€ M, T,TH, 1 '
3 > ck. T, T8, 11 Lo 4
gy -D ) H, T, W, . 127 | -
. ) M, 9,10 W, 9,10
) YY1, 9,10 ™H, 9,10 .
5 ) oL - -

L .- ! e PR . . ”

On any final exédihé%ioﬁ"ﬁé?g gxams are given from:
8 AM. - 10 AM. 12 Ngon - 2 P.M:, 3 PM. -5 P.M

What is the minimum ‘gumber of days requ1red to complete
the final examinations sd no student has an e’ymlnatlon
conflict?

.
' -~ /

r -
R i oo
> r
,

[

i
foe

!
v

EXAMPLE 2 B . -

The pet shop of a new departmer®t store decides to
stock tropical¥fish. It is planned to purchase tanks in
s &= L, .

Unfortunately, not all the.fish

are compatible; that is, 1f placed 1n the same tank; somg
*

whrch to store the fish.
types of fish may fight with one another The shop plans
to stock the twelve most popular \arletles of fish. The,
table below shows the compatlblllty of the types of fish.
An' X in the’ table means the fish types 1in the row and
column w1th.the % are incompatible. )

- . -
' - - -

: :
( TABLE I N A

Species

1 X X% X x ' - X
2 X X X X X - x X
o . ’
3 X -X X o s X
4 X X X . X . X
* s X x X X X .
w
g ' *
46 X . s X, X X
2.
w7 X X X X X
8 X ‘e X X X -
9 % X X X % X,
10 X X’ X . X
. . s
11 x X X X
12 X X X X X

Note that a blank entry corresponds to a pair of gompatlble

"

_spectes..

Question

What is' the m1n1mum number of tanks which must be, pur-

t

.. chased to store the fish such that the flSh in any one of

the tanks arevcompat1b1e7 . . '\\

.. , N 2
. hd ’ 77 ;\\

. |
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PAruitext provided by enic [

3. CONSTRUCTION OF A GRAPH MODEL

Although these two problems have a very éifferent
verbal flavor, their stfucturé leads_to the same mathe-
matics. The essent1al element, common to both problems,
is '%ompatlplllq) The second example 15 concerned with -
the compatibility of fish and the first example 1s concerned
with the compatibility of the times at which qdurses can
have their final examinations scheduled. ‘Extjhctlng, by .
abstraction the comman thread of bath problems, we might

consider the following generic problem:

Generic Problem
¥

Given a collection of objects Al’
What is the minimum number of groups

T, Ak some of qhich‘
may' not be compatible.
that the Aq,
.same group are compatible? (In Example 2, Ay,

- Ak can be put into so that members of the
. Ak are

fish types and k is 12, whlle in Example 1, Al’ . Ak are

courses and % is 11.)
- Te, model, this generic problem mathematPcally, we make
‘use of a grapk. A graph is a Yollection of .points called
vertices joined- by a collection of straight or curved, line
segments called edgés, where at mos't one edge joins “a pair
Some examples of graphs are_shown in
Flgure 1, where the gark dots are vertices. The other
crossings of the edges arise by "accident,” because of the
way the graph has -been "drawn on the flat paper. « (Figure 1(c)

of, distinct points.?*

has several "accidental” crossings.)

RS
.

* To construct a graph to assist in Selving.Example 2,
we proceed as follows:
Represent each fish -type by a vertex of a graph. Join
two vertices together with an edge if the fish theerepre-\

are incompatible}. The resulting

O/(loops) and 0

(parallel edges) but there 1s no advantage to us ' in doing this.

. - N
- ”*
L]
.

sent will fight (ile.,

*Sometimes a graph is defined so as to allow

\ . Figure 1. *

‘given in the original problem.

+

@ ‘ (b)

(e)

£

grdph (Figure 2) shows all of the compatibility information
Notg ‘that someone else
modeling-this prohlem might draw a scemingly different
graph (F%gure 3). ’However: it is éasy to check that the
graph in Figure 3 has the same structure as the one in
Figure, 2"in the sense that the 1abe1ing of, the graph/ig
Figure 3 will give the same 1nc1dencc relations between the
vertices and edges as 1n Flgure 2. 'The fact that the graphs
in Figure 2 and.Flgure ¥ have the same structure (are
isomorphig) can be seen.by noting that the vertex labeled
i in Figure 2 corresponds to the vertex labeled i' in
Figure 3. (Edges-in Figure 2 will corTespond to edges 1n
Figure 3.) The graph modeling Example 1 .in the generic
pfoblgm.is const{ucted in the same way.

’ 9 ‘4

. L \ -

.
>
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' r ’ Figure 3. -

Having represented thﬁLinformat' in such probléﬁé by*

{

graphs, we are now faced witth determining what problem in
graph-theoretic language, will solve the‘original.problem.
In Example 2, the fact that two
types of fish, A, and A,, are incompatible, and must be

placed in' different tanks is reflected by the fact that the

H .

This can easily be done.

~ . v

ERIC . .10 .

.
Aruitoxt provided by Eic: .

7 . . L o .
. . , . -
“Svertices representing these fish are 301nea by an.edge in
‘the graph used as the model. We wish to assign a miﬁxgam R .
nuhber.gf labels to the verticés ®f the graph,. the label
-beiqg thought of as the tank the fish w¥11 be placed 1n, so ;1
that 1f two vertices are joined by*an edge the vertices ger t o
different labels. (Thus, 1ncompatible fish will be assigned
to differerit tanks.) ' In® graph theory 1t 1s Customary to
refer’ to ltabels assigned to vertices as solops’ Thus, we
have the, vértex goloring problém: l
Giwn a graph G, the detert;in‘ation of the minimum number, /
x’(G), of colofs (labels) necessary to color (label) Fhe \g.(_:rtices . ‘
of the graph so tilat no '(two vertides which are joingd by .émtcdge .
gefy the same label is called the verter coloring problem for G. -
x(G) is called the nﬁromatic numbe; Of(% . !
’ Note that if G has m vertices, then the Vér;ices of G ‘
can always be-colored with m golo;s, sO that no two vertices °
joined by an edge get the sahéucolor.n However, x(G) 1s o ,
usgally\1e§s!th%n m. . . - ‘ )
Figure 4 shows a'graph G, labeled with four colorsg T
‘(denoted A, B) C, D) so that no twg vertices jofned}by an’ -
edge get the same color. Thus, foa tﬁis‘éraph x(G) < 4. -
4 \c
A}
b ° ‘
’ T Y Figure 4.0, ot
/ ‘. -
e ' ) * ; Iy
It is not ‘possible tp color the vertices of this graph
with Ebree colof%, as can be seen by examining the four lefg- v
most vertices in Figure 4. Hence, fpr this graph x(G) F-41, ,
- . H Y6 '
N « " .




4. ' DETERMINING y(G) )

How can x(G) be determined for a given graph, for v,
example, the graph ,in Figure 2? For any pafticular graph,
sdch as the one in Figure 2, trial and error of'systematic
ennumeration is a feasible method. For graphs with rela-, '
* ' _tively large numbers of vertices or for the determlnatlon

of x(G) for many graphs, trial qnd ergor 1s unattractlve

-

It is here that mathematlcal ideas perhaps Jcan be .of *
help. Unfortunately, no efficient algorithm (mechan1ca1
! technlque) is known for finding x(G) for an arbitrary graph.
In fact it is known that the problem of determining x(G)
\ for a- graph belongs to the ctass of probloms called "NP -
X complete.” This class of problems has the property that if
one member of the class coulqgggﬁshown to require an expo-
. nential amount ¢of time to so%v he problem, as a functlon
of the problem's size, then all the problems in<*the class
.- would require exponentlal t1me The current feeilng is that
all of these problems will requ1re exponentlal amounts of
time. . The clags "NP - complete" contains many of the most
interesting applications oriented probiems in graph theory
" and‘operations research. The breaking of this "log jam"

woufd be a major contrfbutioh to thg theory of graphs and

- ~_the @heory of algorlthms : ! : o .
v. -~

S < Desplte the above, many facts ab ut x(G) are known
For example . : < .

SN § .-

T . }Theorgg. If k is the maximym number of edges 4t any vertex

o ) \ of G, then X(6) < k+l. | .

S, In what follows, it is convenient to 'use the following

definition. If v is 3’vertex of graph G, the' number of

For example, the,

!

‘edges at v is called the vaZence of v.
graph in Figure -5 h& vertices 0f valénce 0 and 1.

L [

o .
. . .
- . .
]: lC UERY .. -
1
P .
N

[ J [ ]
. . ~ .
r
N
-2
.
. -

[ ] [ ]

Figure 5.

Applying the theorem above to this graph, we would
conciude that its vertices can be colored W1tn 2 or. feher

colors. . ' - -
. %

-

To prove the theorem, we proceed as follows. -Let m .

denote the number of vertices of the graph in question. If
‘then the graph consists of one verte} and no edges.
and can be colored with one color. -

m=1,
1t has a maximum valence 0,
Thus x(G) ¥ 1: Hence; the theorem holds for graphs with
m= 1,

* Now assume that any graph with m vertices and maximum
valence k is colorable with—i_(k+1) colors. Let G be any
graph with (m+1)- vertices and maximal valence ﬁ.
Form G' by deleting from G, and the edges

Since G' has m vertices and maxjmal valence

Let vgbe *
any vertex of C.
attached to v.

‘k,'by the assumption above, G' can be colored with_k+1 or

~Since v (in'G) was attached to at -most k ’

fewer colors.
vertices, even if all these k yertlces are colored dlffer-
ently, there would st;ll be a (k+1) color to color v -
dlfferently from any vert1Ces to which it may be joined by

an edge.- G can be color d with k+1 or fewer colors,

We may now conclude that the chorem holds for a é}aph with
'This.argument illustrates the

Hence,

any -number of vertices.
techniquo‘of theorem proving called mathematical induction. "
AIthough the proof. is much more complicated the theorem

"above can be improved to: .

Thgorem (R.L. Brooks, 1941). If G has maximum'nalence
.Y k (k > 3)-then X(G) < k ynless G is the graph with v
(k+1) vertices where each vertex is joined to every

other one with an edge, in which case X(G) = k+l.

B \ ;. JE | ' .“ }" }-:3 . . - 8 .
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PN It might seem that if a graph H‘has a large number
X 1 of vertfces, such as the one‘iﬁ Figure 6, then it might'

have a_ large chrqmatic number . However, H in Figure 6 )
requires no more than 3 colors to colar 1ts vertices, by
Brook's theorem. In fact, x(H) = 3. ,Note that if verflces
vy and Vo and their conpecting edge are deleted from q,'to
form*i', then X(H') = 2. On the other hanq, Brook}s

. - Figure 6.

-

© ) " ke J
theorem often gives bad estimates for x(G). . For the graph
* -

in‘Figuré 7, applying Brook's theorem gives that'x(G)_glo. ;

AR

-In fact, x(G) = 3,-.

Qo ) . -9

NS SR

e

4 . < < *
.
.

PSS a 4 N o
.

Another approach to determiningox(G) is to determine
a lower bound for x(G). - For exadple, if.G contains a sub-
graph’consisting of m vertices, each joined to every ofther,
tﬁen x(G) > m. The graph in Figure 8 arises in éttempting
to solve Exampie 1 (Exam Schedqling). Since 1t has 6
e vertéces,ﬂ?ggh joined to every other by an edge, x for

this graph is > 6. L\In.fact, this graph has chromatic

number 6. e T4 - : -
Y - ” .
- — AR
<7, \
S< l\
Xt X — ' Ak

S\
2

J

g ///" A

: W F
N5 VQ
. ca Figure ;c - { :

0y

. Occasionally, it may be the .case that a graph can‘be ’
drawn on a piece of paper withqut accidental crossings.
If this.is true, then iq fact Brook's thepreh can be vaétly'

improved. The theorem of K. App%l and W. Haken shows that:

.




~

#The conjecture_which-this theorem Settles, was originally
pr3 . - . - '- » <,

proposed in 1852 -by Francis Gutherié,-afid was only proven

in 1976. lh\fortv:u{at?ly, from the pﬁi'gfi:t‘ipal point of view,

graphs which arise ine tle "real world" usi‘iaily have acti-

dental crossings no mattef, how they are drawn on a sheet
’ : ) r . ’ 4
]

“

of paper. - -

v,

.. \
. | .- . 5. -CONCLUSION -

- '

TH®s module has merely touched the surface “of the '
difficult pxoblem of determining t_he chrpmatic number of ‘
a graph. 'Adglitio.nal'resu‘lts, .and historical information
about coloring problems can be found in the references.

. lﬁ\a&'_we' hope Jas beenkdemonsltrated here is that mathe-
matical ideas. help greatly in unifying our thinking about,
real world problems,’ and can -greatly assist in ;solving
these pmbléms..‘ ‘

'] , . - = .

- . - v ¥ 1
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. - Theorem. If graph G can be drawn on a sheet of paper - 7. EXERCISESwy .
’ —_— . . . . -
* L. . without &ccidental crossings’then X(G) < 4. ’ ’
¢ re N el R <

1. For the graphs below determine the number of vertices and edges:
. . ’ .

(a) | -

.7 oy

2, Determine which pairs &f grapiylow'are isomorphic:
N % . . . v e RS

Gy ' 62 B
: G- G |
. b .
: N *
~ . ' .\ ) . - b
' S ¥ L
’ . '....!
. Y
- 5 . . . .‘
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‘. 4. Use 'trial and error td compute x(G) for, each graﬁh below and . ) . ’ ,
I .. color the graph's vertices Gith x(G) colors. . 5. For each proglem below, decide on an appropriate graph- to dr§w .
ot <. ' so that the proble'm can be solved as .3 coloring proplem for t:l}e
graph. . . R
N 1) The ;ommii:;:ees of 1t:he l\.égislature of §tate Y have members
A . in common. The chart below shows committees that have at Voo
i - * least. one member in c:otnmm'l'.l 0 ' \
. . . ) m @ 4)- (5) (6) (1) (8 >
(1) Legislative Affairs - X X "X X o
. . ’ (2) Educat:io.u X - X X -
- (3) Finance ) X - . ' . \
b . (4) Urban Affairs X - X, Xe X ,‘
- (5) Rules . X X X - X R
‘. ‘ ) (6) Policy . X X - X . x b
- ‘ ’ - (7) Health , :x "x\x X X - P
. ’ \ " . (8) Higher Education x4 X- . x ° - \
.—\_\ ,4 . . §; - g - ‘ . .
: ™ i - - What is the minimim number of time slots in which m%egings
-3 . can be held so no conflicts.result? ’ R .
. R . (1i) The ct'n:ator of & zoo is designing a’ new ai‘ea where animals ,
ot . will not have cages but roam free on "islands" sepata.téeé )
- - : Do from viewers by moats. UnFortubately, some of the animals €
. K - ~ will eat one another if they are on the same island: An -
) M : - X below indica't:es which animals will not eat vne another.'
. : . . ' ' . How few "island:s" will accommodate all the animals? .




:’“ .- . , . . . - s . - - € - . - \ - v . .
" ’ % ' ) \‘: . . . . f B - . ) -
A~: « . i . v
. . 4 ’ . N b LT - . »
H Y.oe . M o + . . .- ) - T ' K
Loesy . * . Species - ¢ “e LT : . o - ‘o . . L
. . R 3 ’ " 5 6 - 7 8 o0 7. Draw 7 graph G which has no accidental ¢rossings when drawn in <L
’ ° . - . .o
. . v te the plane, and“for which x(G) = 4. . . i o
R . 1 - X X oox ] X . .o £ P
5 ) . . . “ o : B 4 8. Const—ruct a family of graphs.!-‘n », for which the graph Fn has .
. 2 X = - X X R . RPA n’vertices and X(F ) = n. - . a :
-~ 4 - * » " ‘ .' ’ )
. ﬁ', X X X 9. ‘Construct an infinite family of graphs for which the chromatic .
- . 4 ’ f . . H
§ 4 * - X - X X ‘ number "is 2. . . . N
. u A - - . . - .’ ‘q
. §‘5 X X - X~ . oo X . 10. Graphs such as the ones shown in. the figure below are called trees:
‘ R . . N ¢ * . .
-6 X X X - . : -
» . < - H .
. , X X . - . \
\ - 4 i . N . .
* 8 X . ) X ~ ¢ . \"" . s N
N t A N ! - R —
R b Y N N @
L (iii) A group of scouts are driving to Lion Mountain # vans. 1’ i
! The scout.master wishes to avoid "fights" in vang. An X in .
" the chabt bélow-indicates scouts who oft:en "fj.ght:"' What .
- Lo ° is the minimum number of vang necessary- to accommodat:e the .-
e .. scouts and avoid fights? If each van will accommoda_t:g only )
N . .. . . )
. <4 scoutg, how many vans are néeded? ‘ . . » ! . (A tree is a graph which is in one piece and has no circuit.)
- . s "r . L. ‘. . :\" - R : . ) . ShO‘:’ that X(tree) = 2, . -
. 1 2 3. 4 5 6 .7.£8 "9 °F10. J1 g SN ) P ° .
. 1 - x . ".‘ M %= “ix £ X S 11, "For each graph below: . o ’
. S % . : Determi h ‘
.- 5. . X X X X X 5 . . .:'. ‘ 2:;— etermine the valence of ea;‘ ve:tex in the graph. o .
- - : . . il . . Determine the chromatic number of the graph. ~ - e )
: ; 3, X T o R S : {)'c ‘e the actual val £ the éhromati ber with th ) ’
i e et K T S e : c ompare the actual value e chro m t
S . 44 . X'y & - X . ; o w&_ X 5 :,\.‘_‘. h P c > c{ om ¢ number w ‘e
. < s Co % . x - ox iy "X’ « s B @ estimated lower and upper‘bounds discussed ip the text.
N o :; i . X ) - . . . ~
R SRR ¢ T S T S DA > SR )
. .‘ 7 X \X: .\u %‘. ) \" e X 'Y X - R
. P . .. = . . oo, . o2t
R R S SRS SUNIEN ¢ S S S ¢ %i%
Ut % [ - N *
.9 + X ' -X . SRR S
e o= 10, "X x 7 x . X ) =X
Lo ox X L%, :.X . X% = ixov
SRR A R S
. - x,‘. ’ ~ . ?;} iﬁ_': L . 0T s . . . ‘\-‘,
WCRRNEIN P Fomulate three problems which migb\g sqeeur f;l.n the real wor&:ﬂ, which NN vl . . ) g
« . . » . ) s
can be modeled by a gra\h:.aud which im;o’lve t:oloring t:he vert;lbes -, R S~ 2 1 -
- o\ . :,, ~ - . - -
s Lt of the grayl-?:nsol\ze ‘the o'hgi'nal proBilem. "; . . e W ) - “
I Q e .
“ERIC-.". -
' C LR

* 3 N =
:'vr' ,u‘, . 4




-n ‘\

LAY

T
to G, or G,. If twg graphs.are isomorphic the pumber of wertices
- of walence 1 in each Eu? be the same.\ . '
3. .
Dg
T Note: The labeling shows the graphs_are.lsomorphic.
q R s < . . PR ‘ o

sERI!

R A Fuitext provided by ERIC
. »

: ’.. . 8. -ANSWERS TO SOME EXERGISES
. " “ R :4; N
17 (a) 8 vertices (= dark dots) ’ . S
" .0 12 edges (= litte segments). . R
° . “

$(b) 8 verticeé (Note that prossihgs other than
at dark dots are not vertices.)

G

-

~"° 16 edges. e ¥ i .
2. G, is-isomorphic to G2 as seen by labeling below: -
1 2 . 1 2!
.. 7’ S
4 <3 .
Gl
"—“‘":*“‘~~~—-G3—~and» Grare—-isomor:phic -as seen by the ldbeling below: _ = _
. 1 ® 2 2 1
L -
4 3 4.
“ 3 'Y G
. 63 VG .
Gy 1s not isomorphic to.any of the others. Gg has 4 edges.
N For two graphs_ to be isomorphic thgy must have the same numb&r

of edges (and vertices): Hence ¢ is not isomorphic to G, &nd
nd | nee Gy 3

3 - -
Sim;e-cs has a vertex of valence 1,’\65 cannot be 1somorph‘ic
. - R

.17

N

R . .

. ' ) :
"~ 3

(a) x(6)°=3 ) .

e ‘. >

4 .
'
-
s
.
-
v a
we LY.
.
.
.
’ . -
- .
- 18
L . . 4 -
2 - .- j .
¢ ol ‘
.

.




X(G) = 3

(e)

-

-

Aruitoxt provided by Eic:
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. . . . ‘Re"t'urn to:
i . . ¢ ~+ - . STUDENT FORM 1. . EDC/UMAP
. X ) " ) . "\ 55 Chapel St.
s Réquest for Help AR Newton, MA 02160
Student: - If you have trouble with a specific part of this unit, please £1d] .
out this form and take it to your instructor for assistance. The information’ e
you give will help the author to revise the unit. '
Your Nae , I LT N
T Pa!; N o . ) -‘o - . - . . .
s v i oo Model. Exam
. — Section * .
. Upper & —_— " - i -
3 O PP ‘ bR - ) . ‘ “OR Ptoblem No.
- OMiddle” .. . Paragraph_.& . ° ' Text -~ '
L O Lower | = - g Problem No. | N
RS . ) ., - .
. Description¢f Difficulty: (Pleasﬁ specific). . (-
. i, N o ) { .
v l“s:\) \ v 4 . e ‘
_ = '—**/ — --vﬁ;‘-» e - R et e — - ¢ ”*———*‘
.“ $ ) s “ "\; e ’
) . . ,."”' . \, , / ' * * i
v DAY a -3 :_’ L] . .
. . %’ I “ s vy . ° * ) . 4\ * .
o . ’:‘f; 2. % . . . - -~ . T "
" T SR R A
: ¥ NS . d — = .
Vi o Instruc-t.n ’P’Leasg indig;e your rqsoluti / of the ﬁiffic ty in this box.
,,’_‘,-fi O Corrected errors [ty materials.r_,List corrects o a7
; - / _ “_‘_/a-—* . . * . 1%
. B . ) 1 i : - . ‘
b o ‘ - f : . ) \
GaVe student better explanation, example, or procedure than in unit. .
Give brief outline of your° addition here: -~ ] e
N 4 ’ . ann;.
e A
s SRS SR ' "
.1}: - ‘ ’ ‘ i o . ‘ -
. O Assistéé stud’ent in acquiring general learning and problem—solving ' ’ .
. skills (riot using examples from this unit, )° / . _
T . . . e T . ‘ . b
et s ) Y L .
. . ) ) - ‘f:” ~ . "'6«” . / . ~
’ / - d ) R ‘3 )
. Instructo:; 3 Signature L b L :
- ¢ [ ‘.’\ ! N e
o+ .. 7 Please pse‘r)evers'e’ 1f necessary.s ‘;* - i -




' . : - “ N :' o Voo :
:w‘ S o ~ Return to: .
. . "STUDENT FORM 2° EDC/UMAP
. . A -55 Chapel St.
.. | K i ‘ . Unit Questionnaire LR . Newton, MA 02160
_Name i : Unit No. : pate . = -
« Institution Course No. )

a

-

’ !heck the choice for each question that comes clasest to your'personal opinion.

1.

How useful was.the amount of detail in the unit? ’ :,

_._Not enough detail,to understand the unit *~ - N T
T Unit would have been &learer’ with more detail

___ Appropriate amount of detail \ «
___Unit was occasionally too detailed, hut this was mot distracting
Too much detail; I was often distracted , . ,

27 How helpful were the problem answers? jzv T . - %
Sameiﬁ%soluuilf? were too brief° 1d.not do the intermediate steps
) Sufficient information was given to solve the problems ‘
° . Sample solutions were too detailed; I didn't need them - R .,
3. Except for fulfilling the prerequisites, how much did you use other sources (for
. example, instructor, friends, or other bogks) in order to.understand the unit?
_~ __AlLot . ____Somewhat A Little ____Not at all
e
4, How longﬂngs this unit in comparison to the amount of time you generally spend on
" L} 1ess®n (lEcture and homework assignment) in a typical math or science course?
oLt Much N ‘Somewhat = . - About Somewhat Much
Lohger Longer ‘‘the Same Shorter Shdrter-
Pﬁ Were an§ of the following parts of the unit confusing or distracting2 (Check
. . as manﬂ as apply ) N C . ' S . )
I Prerequisites
Statement of skills and concepts (objectives) ' ‘
. Paragraph headings
Examples ’ ) . -
,  ____ Special Assistance Supplement (if present) el . )
) + ___ Other, please explain .
6. Were any of - the foilowi;g parts of the unit’ particularly helpful? (Check as many ,&J .
' . as apply.) - , . \ _
. Prerequisites ) ) Ly e .
-Statement of skills and concepts (objectives) 5. -
. . ~Examples~,.‘ : _— - y
P Problems . ! . ﬁ?—\\
! Paragraph’ headings. R - o
__Table of. Contents s ) , ) _ .
Special Assistance Supplemegt (if presbnt) i oL, L

Other, please»explain

T

Please describe anything;in the unit that you did not particular}y like.

ey

-

L - . | ) & ‘ S g *s
v e " vy . P - . & .e *36 . - .

- ' e Vo, . E2N * . . . .

» - . " . . . ~ 0 1S - 5. .

- N "l

e . Please describe anything that‘you found particularly helpful. (Please use the back of

fhis sheet 1f -you need more space.) ‘ ; . B
=4 . ‘ B - .. .— L] ‘
L, W s s o ¢ ; s, ' . i , . .
- 7 > ” &, e ‘f‘" 2

e Ve a "
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