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.Development and Trial of a Model for Developing Domain Referenced
« R !

>

Tests of Reading Comprehension

Introduction
There are at least three approaches to constructing tests of reading

comprehension. The table-of-specifications approach used for most stan-

dardized achievement fests results in general measures of achievement -

¢ . ‘ -

based on performanqe over a broad range of content areas and tasks. The

obJect:ves referenced approach results in a set of discrete ltems, each

¥

keyed to_a.specific lnstrucb1onal objective. The domainrreferenced

approach resglts in a set of tests which aré derived from and which feed

iy
5 -~

into a theoretical proposition about some aspect of reading comprehension.

- .

Because of their generality, tests ‘derived using the first approach

’\'
are of Ix@zﬁed value for helping practitloners make decisions about in-

Thelr generallty also results in

.~

structtonalﬁsequences or strategies.
\ .

their having little value as outcome measures in research on comprehension
1 [

processes. X ,

Because of their specificity, tests derived using the second approach

or
-

- : -\Aﬂ N . M .
permit ratheriprecise determination of whether pupils have attained par- -

[ B ' , .

'cuiar objectives, but are of little valye for assessing pupils' acquisi:

tion of more broadly concelved skills or strategles for comprehendlng

L* /
That same specificity severely Ilmlts their’ ut|1?ty as

outcome measures for research on comprehension processes.
” a %

Additionally, both the tablezof-specificatians and the objectives-
referenced approaches are only remotely connet;fﬁ to theoretical mod"s

‘
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of reading comprehension. This lack of a validated theoretical base l

Y

.

-

Foe

?

further limits_their utility. _ ' N

.

In this report, an argument .is presented for the potential value of

the domain-referenced approach: The report proceeds from an initial

»

- . . -
utilityg;f domains. It then presents one test-development strategy apd

describes the development, administration, and analysis of a tentatiy

measure. (In this pilot effort, only a one-jtem test" was develop

Finally, the feasibility of the approach is discussed and some§sug 2stions

-

Defining, Validating, and Usiné‘“Domains”frjf

-~

~

Definition ’ o )
—_— . Coa ' ;

In the context of.this report, a domain is a well-defined set of
2 ~
(1) in

items. There are asfleast’three ways to define a set of items:
the most primftive sense,‘By simply enumerating all the constituent itehs;

‘.

(2) in the most elaborate and comprehensive sense,
>

by stating the complete

set of rules necessary to generate ltems in the domatn--rules whlch can be ¢

¥

i
ie
' }

followed by a computér or a clerk; and (3) in the sense that |§ most
|
|

. - -~ . rl !

I:kely to be useful for domains representing complgx behavnors,,bT stating

the rples that a judge may apply in separatlng instances from non nstances .
of the domain, as they occur ;n néture. * . . % s -

Arrnvnng at‘a complete specification of a domain inveayes é - )
ldentlfylng lhe doma [ 'ﬁreatiqg or cqlrecting assessment“ite s\for’ :

the, domain.

¥
Snnce it is unreasonable’ to presume that all the rejlevent

1

tq
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degintng fomains is. an interactive process involvirg the inteféiay of

"conceptualﬁzation and empiricism (theory and observation). It is in the

i ] <
process of transiatlng verbal labe}s (e g., ""finding the main point of a

passage" or ”recogn|2|ng ‘cause-and-effect re}ationshlps”) into measure-
ment tasks_that necessary constraints on the.definition are identified

and the subtletiés and complexities of the domain are elucidated. -

(Hive}y, f975).' T . CoL . A .
. [} , ; . ,
In attempting to define a demain, one usually begins with a collec- .
tion of exepplary or prototype igems: important things that learners do
~ - e

in the area of interest. Then, /a samplihg'Space of comparable or related

Transformations and generalizations of the items are oftenlgbtanned .

g 1 -
through the development of gé;i forms'' in which components of /an item are.

Appendlx of this, report’ Both are identical with the exception of the
~f

f;rst paragraph, a ”component of an item," which is "allowed to vary' from

a paragraph that dlrectly states the passage s main p0|nt'Ca§.|n passage

"A'") to a paragraph that indirectly states the passage's main point (as

in passage‘”l”). New items may bg generated by varylngrpther passage com-

*

. ]
pogents in addition to the first paragraph.

~ .

- 5 ° ~
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Other related items may be generated by analyzing hypothetical

. teaeﬁing sequences that would'he}p learners acquire the skills necessary

r |

|

4 / T ~
to respond correctly to the prototyp items. Processing models of a

learner's behavior may also lead to theerentifiqation of related items

which the learner would havé to answer correctly if he or she performed

according to the model. Such @Bdelé--at various levels of eléboration--

,,, .

may also be. used to generate predictions about varlables affect:ng the

4

dlfflculty of items. . Specufylng different values of these variables

-

allows one to generate diffeyent classes of items in the do?ain.

Typically, then, a domain consisth of a set of items partitEOned

theory that rationalizes it, often redefihes the area of original interest.

R a
H

~

. Validation N
. Given a ekill or behavior and its assbciatgd items apd theoretical
framework, the eext step is to administer the items to a grouﬁ of examinees
and to use thelr performance as a basis for valldatlng and poss]bly rede-

- »

fnntng the domain. ‘

* -~

de are domains validated? The question is not simple to answerf"*

>

becauge each of the several types of validation requires unique procedures,

.

What- fotlows js a description of four types of domain validation, along

. with 2 brief consideration of the crucial issues relating to the problem

[ . » .

of validating domain-referenced tests.

the theary that defines and partitions the domain may be used to predict
[ 4

the behavior of learners in several ways:
o €

. - The fikst type is internal construct validity. Following this approach,

>
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/ . i .
(1) 1t may be used to predict the rélative difficulty of items over
. -

N
some population of learners. -

. .
’ .

\ > (2) It may be used to predilct patterns or scalar relationships among

i

. N . j ] .
correct and incorrect answers to {i‘tems, perhaps. representative of under-
\
H
|

i

hd {
lying strategies used by individyals or subgroups of Iqérners.
: : -4}

(3) - It may be used to pred{ct generalization of d?ffiéylty relation-
shipé or patterns of correct and incorrect answers to oéher samples from
tée subdomains, }.e., partitions{of the larger doma}é.} To elaborate:/,ﬂi,\\\
one draws one or two items from pach subdomain of a lafger domain and has

A} ) ’
a theory that predicts which ong# of those items an individual wi]l answer

- .

correctly (and the data,sdﬁpq{tithe theory), then the jgenerality ofrtheig

findings needs té be clinched by drawing other compargble items from the’

-

> ¢ ) 4 -
same subdomains and seeing whetrer the same relationspips hold. Findings
J ¢

must.be replicated with some deQree of Feliahility'ac}oss independently

. sampled test form$. A single test is a trivial domain. y? T

-
-

- . - _‘
(4) The theory may be usell to predict transfer ‘'and generalization

. - i

among subsets in the domain forj Iearn%rGTNQf'are~being taught new skillg

defined by those subsets. This}is probably' the strongest way to walidate °

’

4 B -
a domain, and it should also be}elaborated. : . .
In the first three instances above,‘no teaching took place. The
/ . <, - .
; domain was validated simply by §ooking for relatively stable and thqééet-

ically interpretable patterns pf performance from individuals or groups
- .
encountering the items for‘%he first time. One can gof beyohd this to

diagnose the pattern of an indifyidual's initial performance, teach him
’ N

. . . . g .
- of her to respond correctly to dome previously'unknown set of items, and
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then look'for theoretically predictable changes in performance in related - .
subdomains. . -t ' -
The second type of domain validation is external comstruct validation. .

The théory that defines and partitions the domain may be used to predict a

learner's behavior op previously uncatalogued items. For example, if a

»

fea?ner's behavior has been diagnosed &ith reséect to the domain of "findi:bv
th; main point,' a teacﬁér might bring a new passagé froa the Reader's

Digest anﬁ ask the examiner to predict whether the learner could correctly
state igg main iqea.’ The gester could then apply the thebry which has been

used to structure the domaim and come up with a probability statement about

.

- the leargner's chances of success. - 7 .

' The third type is external predictive validity. The theory which
defines and partitions the domain may be used to predict judged performance
in related real-world tasks. For example, can a studenp who does a good

job in the domain of '"fiinding the main point' perform effectively in a

<
v ] . . ’
reading discussion group? . - {

-

.

External predictive val]dity may be either correlational or experi-

-, ¢

. mental. In the correlational case, one finds people who do well and [
. , people who do poorly on the domain and looks at their related behavior in
' the dfscussion;grouﬁ. In the experimental case, one finds people who do ' .

.~
N
-~ A

poorly on the domain and poorly in the discussion group, then teaches

L4
-

them to perfdrm well in the domain to see if there is any change in }heir

\<

R ~performance in the discussion group. . ,
T N . /’ .
’ The last type of validation is face vafidity. Judges simply rate . . ) .
the ektenzpto which the items’ truly reflect the skill being assessed. -

. L] l
- ~

i \ N ‘e
'
s .
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»

-Technjically speaking, it is not necessary for a domain to have face

, ! . - :
validity, but if it doesn't (a '"cloze' domain might be an example) then

Y

its internal construct validatioh\may be of very little interest. Justi-

- - .

fication of the domaln-§ existence for practtcal purposes would-then have

\

to depend on external predictive validation. And i f 1ts extegnal pre~

, v
dictive validity is good (the *'cloze' test may -again be an example) ;

then that would seem to suggest a need for some intensive analysis to

.
s

tease out the ‘actual basis for the correlations.

~

Domains have both theoretical and practical applications. In terms

" of theory, a domain serves as a concrete space for experimentation which

operationally defines an area of generalizability for experimental results.

it allows one to make precise statements about generalization and transfer

» . -~

‘and about relatlve difficulty among the items.. However, the main use -of

domains is llkely to be aspractical one: as targets for lnstructional

interventions. If one has a well defined domain, one-can observe learners
. 4 .

-

) °K‘"‘O . . ’ .
acquiring it, try a variety of teaching and curriculum techniques, and--

given an elaborated set of items representing the domain-fclosély moni tor

-~

the efficiency and effectiveness of instructional prochures.

*

. ’ 1S ' '
A Development Sfra;:;§ ) .
X

I -

One strategy for developing domain-referenced measures is as follows:
\ : i - -

(1) identify a plaus}ble candidate domain, (2) identify protot;BTbkitems

from that domain, (3) specify relevant variables thought to affect the ﬂ

"

difficulty of responding correctly to those items, (4) create sample 1tems,

oL 9 o .

-]
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’

- . and- verify the domain empiricaﬂly: As employed in this study, .this

strategy emphasizes the internal construct validation of°a domain-

referenced measure, using the first of the four approaches described

<

. earlier.

[ - ) . '
Ideally, a theory of behavior will guide the choice of candidate -
~ - ’
domains. The needs of both researchers and practitioners in the~field

/" '
will determine the necessity to measure particular performance domains. .

Under such circulistances, the research base itself will provide an adequate
‘ A

-

. ‘set of initial specificatfdns for the domabn({ ﬂnfortunately, knowledge
.t ’ oA .
about components of reading comprehension in the transitional stage (grades

4 throu?hf874the focﬁ§'of the Center fqr the Study of Reading) fallsrfa}
short’gf quali%ying as anbasis forﬁktheory.” THJ%, it.was necessary to
use another strategy (described in the next section of this report) to
idedtifyla candidate domain for-our initial effort.

Following the identification of a candidate domain; prototypic 1tems

)

for assessing behavior in that domain are located or produced. Some ways
. . - Pl
of coming up with such prototypic -items are looking at existing.tests,

4 P ¢ N
observing instruQFiona] sequences, analyzipg learner behaviors, and/or

studying indtructional matérials. Essentially, the task is to come up

with stimulus situations that seem Iikely to evoke responses demonstrating

* the presence or absence of the behavior(s) exemplifying the target domain.

¢
.

The next phase (steps 3-5 above) encompasses the development which =~

[ * .

typical ly takes place in‘aﬁy experimental study: variables gnd Eechniques -

are generated from available theories. The choice of particular experi-

- .

mental variables -is based upon theoretical predictions about their relative . .
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processing demands»(e.g., manipulations of éyllabic structure is expécted
to vary the load placed upon a decoding process in making lexical identi- -
R _fications). .-Failure to find performance difffrenpes for different levels .
0 : of a_variable then indicates that the theoretital surmises were incorrect, o°

and that revisions of the theoretical model are reguired. Once Ehesq

variables have been identified, items are constructed or collected which o

differ s;stematic;lly a1épg the specified variables while other variables

are held at a constant level. Tﬂekitems should be at least p?rtially

ordered in difficulty on ‘the basis ofhthe,theory used to éenerate them.

That is, one would generally expect items that are eaéy on'all the variables

- - : affecting the behavior tp,be easiest, items that ;re easy on all but one’ .
of the variables affecting th;;skill to be next easiest, and so.on;’

Eﬁpirical vF(ification may be carried oué in at least two different

ways: (1)’q rating procedure by expert,judges, énd‘(zx a collection of K

N performance data from Iear6qr§. Although the rating procedure was not ° -
employed in gb; study described later, a description of both techniques s
. v ' . .

Y
is presented.

‘In the rating procedure, ratings are obtained of item difficulties

»

&
with respect to the skill domain from an independent group of raters. .
. ! . .

Scaling techniques are used iﬁat will reveal inconsistency in judgment bbth,‘
within a ;;ter and from rater to ra;er. If raéed item diffficulties do not
correspond to predicted item difficulties, ;éaSOnS for disagreement should
be analxzed and a (gv{sed'}héory developed that specifies how muéh'impact

particula% variables have on item difficulty. Additiona) items are then T -

either constructed or selected following the revised set, of piinciples.

>

“~ . . -. , ! -

»
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"Ratings are again obtained, and the iterative procedure is continued untiT>

.

a set of rules for item constructlon “has been specified that can be followed
, .
by |tem wrlbers and that ylelds items that vary systematlcally with respect
" . -~
to the spec1f|ed varlables while not varying along irrelevant dlmen51ons

hY
Each of these requ»rementsall have been met when independent raters

affirm these claimed properties for the items. In other words, a satis-

@

factory set of rules for item construction exists only when it is possible

to predict, based on those ruleerand the variables derived f;om'the‘asso-
s L

ciated theory, the rated difficulty of the resulting items.
On each iteration of this procedure of theory specificatibn and

revisjon, iteﬁ-selection'or construction' and modiﬁicakion, and evaluation

L

by ;ndependent raters, decisions have to be made about partncular items.

P R -

"lf an |tem |s not trans;tJvely related to other items in rated dlfflculty,

<,

it should be elnﬁrnated and a prlnCIple written down Wthh ‘will serve to

[

‘avoid the construction or selection of gimilar items in the future. This

[

amounts to refining the definition of the domain. _In other cases, items

might be.scalable bﬁtshow;ubstahtia} variability in scale position for

different'rateté; such jtems should be retained, but:hodified in orderfto
increase their scalabi1ft9.~ The p?iqqiples uged in modifying jtems°shou!d

be exp}}qitly‘stated, so that they,can~Le incorporated in the spetifica-

/

S

tions uséd for generating-additional i tems. "Finally, if & number of itei

variahles-are being employeq in the constructbon or selection of test

v o3

_.tems, it is possible that subsets of items which represent a~§ingle vari-

» B
(3 . ~ L}

able may 6ave eoo( 3ca!abilitf. In such cases, Hepiaions should be made

L — . , B \. [ i &12. R - R
o “» N i

~

»
Ny
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. about whether or not to continue to-use th«s r it varlable as et
a means for manlpulatlng dlfflculty wuthln the specnfted’sklll domaln. .
<7 T
The secénd way to validate emprr:cally 4§Vto}collect performance data - .

1) . ’

*fromlearners. ltems are presented to a sample wupll populat:on ‘and per-

-~ .

o formance data are obtalned ‘for each item. Ihe valldnty of the items can
' Ao
AY '
.then, jn part,\be estab]nshed by showing that the variables selected for .

'~ study are pred{ctive of item difF;;;lty. This Fechnique was implemeng.B ﬁ@%;~*&§ K
- . (3 ~ , - bt )

* i
-~ L] .

> in the study described later. . - -t B -
v . Since a domain-referenced test assigns test scores on the hésis of
£an iteh,difficu}ty metric, the statistica} (test theory) models used to ' “

»

" represent subjects’ performance*w?thjn the specified skill domain should

provide scale values {item dﬁfficulty’parameters) for the-individual items

’ H . x. L) . . ° .' ‘
SF\R' . and a-test score that shares the mefric associated with. the items. If

) A chat E . M
< these requirements are met, then'subjects can be assigned test scores
~ 0] kﬂ = L*\ o . . ’
L whnch‘reﬁ%esent the leve} of |tem dlfflculty at which they;can success- )
fully perform. ) . . ‘ ' L.
" » ‘;”:w - »
v Three test theory models are suitable for,this,purpose' the Guttman

Modeﬂ, the Rasch Model, and the LQg|9t4c or’ (equnvalently) Normal-Ogive-

¢

-

. Mode] (%ee Lord &Novuck 1968) . These models all have the propgrty thdat -

. scale values are)assoc1ated with the inpdividual items, and subjects' test
- & - ' H .. ' N ‘ :
. . scores represent positions o the item-difficulty. scale. * Thus, if the .

*  item dfffjcultfes;are closely predictable from the final theory specifica-"

’,. - = 4 - v
[y -~ .2

' » . PR .
~tion and c3:3p5pond to. the rated difficulties,. one has a test whose scores ‘

LA

e A - . " . A . * ) H . H
D are domain-referenced .and do not require norming tn order to provide metric
_3~?{,r N informafﬁon about the protessing domain of Egterest. LEagh of the test ) ’
. e~ S . , vt : . .

. - P
. - . - g .
\ . ~—
- > - A . .
. - R . KT =,
Q . - — .
‘o, B ’ “ « . ———
- ] - .. .
.
.
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. theory models mentioned above will yield a set of Jtem parametefxesti-

mates that can be compared with ﬁred}cted difficulties obtdined whenever
° N -t

the rating procedure is used. |If the‘cdrre!ation (perbaps the rank corre-
lation) between actual item difficulties- and predicted difficultie; is
high, the test's validity (and that of the theorg’as ourrent19 specifieh)
is, at leest partially, established. If emﬁ*’!cal dlfflcultres are found

to be unrelated to predlcted dlffrcultles, then the test cannot -be said

to measure the sksll domaln for whlch it was constructed leen a close

correspondence between predicted 1tem dlfflculties and the obtalned diffi-
: ¢

culty payameters, one would have a test with defensible’scale properties

and high.internal construc 'aiidity. ’

-~
-
' .

An Applicatfon of the 'Strategy

-

The remainder of this paper describes one attempt to apply procedurés

[

outlined above to one aspect of reading comprehension. Because of the

- . Lt

‘lack of a good theory of-reading compreheneion, we began by reviewing

various taxonomies, curriculum packages, and reading tests in order to
9 -

locate 3 plausuble ""candidate domain.'' The choice-~finding the main point
(FMP) of a passage--appears (1) in most taxonomies of reading comprehension,
(2) as an explicitly-taught skill in several sets of reading curriculum

matérials, and (3) as one of the skills to be assessed in wirtually every

_standardizéd test of reading comprehension.
Having identified this behavior as a poesible domain, an attempt was

4 c &
made to Tocate prototypic items requiring 'respondents to exhibit the be-
. - ‘ L.

-

. havior. More than 20 question types were discovered (e.g., 4'A good title

!

H
A
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for the passage. is ...," "This pé§sage mainly ﬂal}s .oy "The main idea

-3 .
. o~

. is ...," !'The author's purpgse in writing the passage was ..,," '"'The topic_‘ .

»

-

-

- -

examinees ‘to complete the/statement, ''The story mainly tells ...."

A few trial passageg. were identified to administer to a small number
By, ny §

d that the question we were asking, and "main

of. readers.-. It was fou

a AN ; . 2R

'Y - 1" \ . . . . .

‘ po.lnt questions .ge ly, were inappropriate for certain kinds of ~
. » N

passdges (e.g., travelogues), so the definition.of the’ domain was narrowed o

.
a e Y .

by specifying not only question type but also general passage dharaci

’

teristics. ,The set of constraints on passages required that they be

expository and haveasingle main point. Further, they should contain
s ‘ PR - 1S
. relatively novel, but politically and emotionally neutral, content, and

. .at least appear. to be ﬁon-fictiona . “

¥ -
X

‘Method )

To try out the strategy for validating a domain, we compiled a sgf

.. . 24 9,
of experimental materials, developed procedures for gsfi%”thOSe materials, ,

administered the materials to a sample of_examineeé, and analygzed the
: . v . .

+ K

- results. . ¥

Materials -+

N A

Vocabulary test. Ih the &evelopmgnt of éxperimental materials

(passages), an attempt was made to keep _the vocabulary simple so that

subjects with low vocabulary levg]s would not have djfficulty finding




LA

4

s , ]
g S 1y $
¢ +t .
S 3 ] :
v #¢ | % .
- ¥ 3 .
*' L] j
» /
Domain Referencéd Tests
. 15
¢ S T

. \ .
-

. .
the main point for this reason.

L} . .

s\

possibilityithat ¢ome examinees might have an inadequate.vocabulary for

the task, 20 even-numbered items (i, e., items 10, 12,

o ’

Gates MacGinitie Read:ng Test'1

e h82 from the

Survey D»/%drm 2 were administered to
¢ 3 /o, L3 R
the students. e - / Cos

ltems. Followung the selectlon/éf FMP as our prototype domain, -
- . /
variables conS|dered to affect the,performance of |ndtviduals at the

I

Table 1 presents a Ilst of twelve variables

rd

. task of FMP were. rdent:f:ed.

feach variable representnng a characterlstlc of a passage assoc:ated

.
s~ T

with the tagk of FMP) that was'compiled by consultlng reIevant literature -

andigollea ues.. Only four variables were selected for’manipulation in

— 4
a.'p - )

- our generétton of “the passages to be\sncorporated into test items. A
. t g
f

-

br«ef dl%cu5510n of each of-those four varnab!es follows.

A i ., t
] L R S
. / ’ * v };\
, | ~ inseft Table 1 about here |, ¥ L
. ¢ I’
- ! -:

ﬁfew préliminary Tnvestigations led to the identification of the
varlable entlt d “fit of passage structure to model reading strategy.'
. IS ‘

We found that many sophnstncate¢ readers (college graduates) have a pre-

<

* ferred étrategghfor'flnding the main point of passiges. These readers
ll '
typscall\ read the initial one or two paragraphs rather,Careful1y, '

Al

continue by reading the flna? paragraph or two, and then _jumped to the
middle pgragraphs to read the first sentence 'of each. We thus antici-
» - )

pated that. if a passage waspstructured such that main point statements

appeared in hexpécted placesﬂ'(asgdperationaily defined ‘by the reading

In an attempt to protect\against ‘the ¢
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about," (2) a passage, and (3? directions to complete the folldwing sen-
[ v
' tence,

.. R 4 - .
| - SIS U2
; o ) iy
l. . - . .

e
strgteg§ dedcribed above)

@ second variahle selected for manipulation involves how
main point is stated

*

4

passage's

t

We anticipated that if the author of
.stated its main poirft in a clear and. d|recthmanner

bassage

'reaaers
"the main point mofe eﬁ%aly thé'“ln the case of an indirect

oula find

tatement. of

s

present exampTes and facts to portray a‘'passage's main pdi

provide an analogy to suggest a passage's main point

N -,
t -

variable. A hlgh'frequency'cqndrtion had three main point
Lo , ) .
and a low frequency conditioh had one

It was hypothesized' that the
high frequencY condi}ion would facilitate performanee.

‘ The final {arlable‘selected for ﬁenipulation was the amouﬁt of

"information in the passage that did not difectly support the ma\h point

Such information includes 'ideas which are tangential and/or irre

i r \evant
to thé main pointsor its development.
\ s -

\

In some passages virtually
, Tdeas supported the main point;

in the other passages, various sent&nces
and clauses were incorporated Wthh did relate .to passage content bu

dld not Tend support tothenmin pO|nt

»

es:zed to make flndlng the main p0|nt more dlfflcult.

LN * '\
. A set of i tems. was constructed which had these~components.

(1) the

\ Al

dtrectlons,_”Please read this story and try to find out what it is mainly °
A

- o
"The story mainly tells...." [Item passages were generated by
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" Natural Resources!' (Science Research/Associates, 1966).

sions are presented in Table 2

»l, N '\
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systematically manipulating.the four variables just described while holding

all other variables at a constant ‘level. -The contents of the item.passabes

.
A v

. !
were based on materials found in ?Démensuons in Reading--Manpower add. e

-

Each had the following.hain point

to extinction.'" The variable cléssification employed'in these three ver-
! 4 ‘ % . e R

<,

T A S ST
| A

, . . 3
Insert Table 2 about q§re !

,
o o ks o o o 0 w0 0 0 0 o 0 e 0 e o o w2t o o o
~ . . ; bl N .-
4 /
faz

' of these passages, versj on one was predlcted to be the easiest,. versnon two

-

¢ Vs
was considered moderately dlfflcult and versnon three was considered the

mostﬂdiffjcult. Each passage consisted of approximately 350 words, and

each had rough]y/é sixth grade readability. level as determined by the SMOG
// X \. . .

readability.foymu!a (McLaughliﬁ,\1969) in combination with '"A Living Word

Vétabulary:: The Words We Know" (pale & Q‘Rourke,~1976). A[;apv/bt each

Lpractice jtemmcan beeFound in the Aependix.

» -

_Sixteen versions of a_passage were generated for use as experimental

.. %,
i tem Z Each had thé folloMIng main point: ''Building the Macklnac Brldge
- ’ N [ ’
wag a difficult job." The sixteen versions of the passage represented

/ PO i

/all possible combinatlons of the four manupulated Varlables ,Each passage

//consisted of approximately 600 words. Each had roughly4a sixth grade

Al » b

‘readability level as dgain determined by the SMOG ;eadab}lnty formula

" (McLaughlin, i969) in combination with "A Living Word. Vocabulary: The
. . . - . ¢ .

-

- x .
~ . .
o R K
o ‘ .,
» . vt
* . A < "

“Balﬁ eagles are being killed, possibly

With respect.to the antfciéated difriculty'
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2 ) tan be Lound in the Appendix.
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Uords Ve Know” (pale & 0! Rourke, 19765\\\A cOpy of each experluental ltem ,

.
-

In addition to items

h~éyestidng about experimental passage details.
N\ g N

B 5 . v . . Fa N v h
about the main.point of the passage, four questions were designed to

, y . . N " ] .}
. assess students' knowledge of;certain detaiT$ about the passage. Two ~‘
5 -~ (’
g of the four questiqns assessed ideas -not dlrectly in support.og the mal¢i
. " 4 N ;

\
W
Admlnnstrataon

1)
-

Test Bookle

4
> - :&“
5

" Test booklets conSlstlng of the vocabulary.test, ,a practoce item,-?

feedback from t@e pract!ce ltem (presentlng three possible ”acceptable”

responses) ?nd enperﬂmental |tem,

The students

»

) a classroom setting,
< \ &
the vocabulary test, thnrty mnnut7

mental items, “and’ ten

design of ‘the tes; booklets

experimenta¥ passaga»whnle respond

- - ‘,,«-

g,

d the four questions " about experi-

mental passage detanls were admlnlste%ed to students by test monitors in
: > ’ o

b .
Were allowed six minutes to complete

l ;

jto complete the practlce and experi-

utes to reépond %g.the détall questions. The

—te

id hotfallow students to refer back to the..

lng to the four detail questidns.
h

- Ty

e

4

efementary school in the communi ty, while

h. larger junior high sehool.

I
4

-~
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The data analysis scheme was bas;cally a factornal ‘analysis of °

! ) ~ O

vaarlance wnth vocabulary scores usqg as’ a covarlatetz< The five factors
@

- - 4

. nn the complete factorial were the'Tour passage characterlstlcs (detailed

l\
"y
\

r*

3

)

|n the mateflals'sectlon) and the dlfflCU]tY Jevel of the practice passage

. z

Thné.gave a 2lr X 3 layout with two subJects per cell (except for four celis

o

|n}whlch there were one subject eachz

.

t
The use of,vocabulary scores madenltﬁ

unnecessary to include grade level as a factor in the design.

The estimate

of error,was generated by podling the fourth and fifth order interactions *

»

with the within-cell variation.

El

[

*®

Primary dependent measures were:

kN

(1) a

A

~measure of total score on finding the main point, (2) a score.on gccuracy

of the topic, action, and modifrer of the main point, and (3) number of

correct respanses to the four detail questions. Except for measures about

detail guestions, all measures were determined on both the practice and

%
- ot - ¢

experimental passages. .

Response -Scoring Rules ’ e

5 -

All main point statements were scored by rules. Three categories
é . - _t' . - s
(topnc, action, and modifier) were used for each statement, and eath cate~
I : : a
1, or 2, depending on the accuracy™

gory could be .assigned a score of 0,

2

of the.studgnt's response. A response received 2 points if it was exactly

correct, 1 point if it was correct but either too‘general or too specific,

~

or 0 points if the response was incorrect or absent. . In addition, 1 point

could be subtracted from any category if irrelevant or extraneous informa-
* . ot ‘i’ b

¥

. N . - . < . ! . M
included with some ¢orrect information. Further, 4 point was
e . \ T oo
. o

% . -~
. %
20 . ~ 3

tion was

~

o2
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. > .
subtracted from tHe total score {the sum of 'topic, action, and modifier

stores) if additional infé?matfon was included that‘codfd not BE identi~

a~
[y

fied as applying to any‘dhé of the specific.categories; however, this

. .

point was not subtracted if the total score was 0. . Thus, each éategory
'.;

score;could range from 0 to-Z, producing a total écore (gng?ngffrom 0 to 6.

- The following should‘clarify the appTIcatlon of the scorlng rules A
y .
correct-%tatemen; of the main point fon the experimental passage is

""Big Mac (topic) was built (actibn).with great éifficulty (modii}ét).%
Regarggng the topic only, ""Big Mac'' (or any response qlearlj identifygng
that particular brfdge; such as, ”Tﬂe bridée over the'Straits of Mackinac'')
iﬁvéxactly the correct response and yould receive 2 points. A response
like, “The bridge'' or "Bridges' would be;too ée?eral, and one I%ke, "The
towers on Big Mac'' would be considered tgo specific; such responses wou ld
receive 1 point. Responses which fai]e& to mention the bridge-or yhiip .
mentiopgd the w}ong topic received 0 points.. If the topic had been

awarded -t or 2 points and had ‘included extraneous information, then 1

point would be subtrdﬁied. For example, ''Big Mac and the highway lead’ing
™ - 3

Py

.to it" would receive, da.score of 2-1=1 for jts topic score.

N,

There were 184 respohses altogethé%*-gz from experimental- and 92 £rom

practice passages. Responses were scored by \five independent raters. , If

LN
ofy

* . & 5
there was any question regarding the scoring of a response, it was reviewed
L1 -

by all fivé members and the score was determined by consensus of qt\\fntlre

group. ' -

] >
s ‘ <

To optéin a‘'measure of the réliability of the scoring procedure as
it was applied to the students' experimental resporises, the following .

s

]

S

-

A-

»
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procedure was employed: One Hhalf of the 92 responses from experimental
. . s ' . S

N [ . )
passages were randomly selected to be rated by another group of five

indépendent raters. These raters wé(e:given (1) written instructions

about the rules for scoring theiresponéés,’zZ) an example bassage, and
- - - : oo ys .
(3) the 46 randomly selected responses. Each rater individudlly scored

all 46 responses, then all met as a groug,to review each response in

order to arrive at a group consensus. These scorés (bofh individual
i . . N ’ .

scores and group consensus scores) were then correlated with the scores

« . awarded by the initial raters.

2
\ -
- x
~ .
; N
. . .
.

' Results -

Reliability of Scoring Procedurés .

*

Id

Consensus of total scores for 46 randomly selected experimental items

as_determined by the initial gréyp of raters were highly correlated with

~ L

the ¢consensus of tptal scores for the same items as determined by the
. o -
. second group of raters, r =

.92. Total scores assigned by each of the five
faters of the-second group were also highly correlated with consensus of

" total scores of the initial group of raters, r's = .94, .93,7.93, .85, .85.

o

Tota'l Score Analysis -, . '
] G ‘

. .

Table 3 presénts,means and standard deviations for the covariate

. (vocabulary) and scores for "main-point" statements from both practice and
. P ’ B - &

experimental “passages. ‘ ’ .

A
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~In an ANCOVA design, the main efﬁeaii,;first‘order*3ntergction§,

second order interactions, and,thigd order interactions were determined
N o
using the pooled higher order terms as an estimate of. error (as had been

planned a priori). The vocabulary score'was used as a covariate, with
" .the four expefimentaj passagé condjtions and the practice passage condi-
tion as the five in&ependent ngjables. The total experimental passage
H

. score was the aependqpt variable. The covariate had a torrelation of

.45 with total score. ' .
. .
The main effects for "fit to strategy' and ''direct/indirect' appeared

0

to be reliably different fiam zero (F = 6.39, df = 1,5k,.p < .02 for."fit
to strategy'; F = 6.22, df = 1,54, p <,.02-for "direct/indirect"). A good
"fit to strategy' and a direct main point statement‘made the task of finding
the main point easier. None of the other variables ;eliably.affected the

dependenE variable. R ) T

~ o .

Since the practice passage variable had been included only to; deal
with what was perceived to be a nuisance f§ctor, the data were collapsed
across. it and reanalyzed using a four-factor ANCOVA. (as had been planned).

The reanalysis led to exactly the same conclusions, with significant main ¥

v

effects for "fit to strategy" (E.? 6.30; df = 1,75; p < .02) and.“direct/ .
'. i ) ’ - ’
indirect" (F = 5.31; df =.1,75; p < .03). Computation of an omega squared

) ' .

statistic for these two factors indicated that ''fit to strategy' accounted
oo ” ~ ~

for approximately 6% of the variance in finding the main point, while

-

'direct/indirect" accounted for 5%.

T o b
= . . <

sy

-~ . N \
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Subsidiary Analyses .

.- v

, Additionallanal?ses_weré performed using the same fqgr-factor ANCOVA
as described above, except that fhree other dependent variables Qere used--
the part scores on topic, action, and modifier. For these analyses the °
action and modifier variables were recooed so that 0 remained 0,'while ¥
and é became (; this was done to correct the U-shaped'distributioﬁ'of A
dhese measures. As expected, the multivariate test indicated that HFit
. to strategy” and ”direct/indirect” were the 6nlyltwoyreliable effects

(p < .02). The "fit to strategy" variablé affected the action and modifier

measurqu but it did not affect the topic measure (E < .02, p< .0t and

p < .73, respectively) “in contrast, the ”d}rect/indirect“ variable sig-
nificantly affected the topic measure, butZ/ not affect the action
or the modifier (p < .001, p < 93, p < 7 ).

The ANCOVA design again was used .to a alyze the scores on the four
detall questions Since the analysis showed that there was no main effect
due to the practice passage cond|t|on, a second ANCOVA wnth the four experi-

,// . mental factors was performed. This anaiys:s showed a main effect for only

“non-supportirg details'" (p < 05) Subjects who read passages with many
Lnon supporting" ideas did less well on the detail questnons than did sub-
' jects who read passages with few nonésupporting tdeas. Since (1) this
oain effect -was only marginally signifisant and (2) the distribution
characteristics of the dependent variable were rectangular and probably

violated some of the covariance assumptions, addjtiopal analyses and

inte?gretations are .not presented. e

- o . ‘ 24 \ ) ’*.
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17 subjects who respondéJ to these three experimental passages and by.

“utilizing their experimental passage scores ingtead, it was possible to

" dependent variable and vocabulary score as the.;ovarﬁbre.j The passabe

‘ difficulty effect'was substantial (p < .001) while text (p > .99) and the
) . I : ¢

-

Domain Referenced Tests - -

+ H

, S - -
r - g ¢ . -

: 1

- . . ] e
o . .

The next analysis gives some anication of the extent to_whfth the .

-
o -

major findings with respect to the;variab]es miéﬁt generaJiie across

passages. Recall that each subject received .a practice passage ?hat_was'
. Y . 5 . c

classified as. either easy, moderate, or difficult (see Table 2). The

”eas?” passage had (1) three statements of thé main point, (2) direct state- .,

ments of the main point, (3) main point statements located in predictable

places in the passage, and (k) f&& non-supporting details. The first aqd'

third of these characteristics were altered for the "moderate" passage

-

while all four were altered for the "difficult" passage. " Of the 16 experi- -

ﬁental passages, three corresponded to the practice passages in terms of

v L]

these characteristics. By disregarding practice passage scores of those

7

s

v

analyze performance according to the design in Table L. Using this two-way

.
----- oo s ot e - N 3 =
*
]

-

Insert Table 4 about. here

- - - - -

;lassification, we performed a two-factor ANCOVA with total score as the - .

7

Text x Difficulty interaction (E_>‘.29)‘were not. This resulf suggests

that the overall effect of the four manipulated variables was consistent

across texts, while the particular passage used did nqt,affeé% performance.

Furthermore, performdnce on easier passages was invariably superior to
* T e N * 5 )

5

performance on more difficult passages for both texts.
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the prediCtlon of the dlff|cu)ty of a passage for a part;qular~person.

- - [ N

To investigate thns poss;bllnty* a’ regre55|0n analysns was..performed in

- ’ -
. -

thCh the dependent Varlable was total score on FMP and the predlctors were

15

AR vocabulary, ''fit to strategy,“ and “durect/indirect.” Each of.the latter

L -

tho‘variablesAwas coded\g or 1. Since the resultlng multiple correlatnon

e

Sk the three variables accoun€Zd for approxnmately 30% of the vari=

-

L ance in the total sco?es ‘yocabulary accounted for 20% of the varlance,

o

° > i} and the two passage variables each accounted for approx:mately 5%. The

- standardlzed regressuon weights were hh 2, and .21 for the vocabulary,

. * 7 "fit to strategy;' and “direct/indirect‘ predlctors, respectlvely
e . '( N
N ’ - 1 0 ;
4 ) - 7
. This section begins with a eva]uation of the proposed*strategy“for

deve}oplng;domaln referenced tests based on the, results JUSt presented
~ ki

Some possible next steps in explorlng the FMP domain are considered.

Finally, further exploratwqps of the‘development strategy are proposed.

. v ~ ~ hd
3 . -
. -

L4

e ‘ 1 - -
Evaluation-of the . Development Strategy R nf"”" 5

. ¥ i
-

4 .
;e - Each of the fnve component stages in the strategy “fér deVeloping n

4

_daomain referenced measures “is"evaluated below,,followed’by a brief summary

.
3 . N >

- - . v »

<

~ strategy is domain identification. Earlier, lt was stated that “ldeally,
. a"thgory of behavior will guide the choice of candidate domalns,” Indeed,

& E :, S ¢
» ' jf{“‘; LN = N . - " -
. M < ¢ - - B § B -
¢« ¢ Domain Referenced Testy
R o
~ o * 25
3 \ At N
N e, - /X - - - ~ +
e Regression Analysis ) . -, C
T A potential payoff assocnated w1th Lhe domann referénced approach is

. statement. f . 2 ‘ -
) . 5 . - . . - 1 .)
" Domain Jdentification. The initial step in the proposed‘developmen;
o - . 7 a .
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c et .

_ the relationship between research, measurement, and educationa]'practice

. * . .
- of adequate outcome measyres. In. thgk eontext the outcomes to be measured 4

"procedures, for deveioping them. Accordingly, our choice of a domain was

Y
\

2> - (. . . r v
- - N L]
. * ¢ «
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- - . . ' - Domaln Referenced Tests
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.

jé one of symbiosis. ReSearchers want to measure the effects of manipu-
lating presumably-rélevant variables on certain interesting (and hopefully

important) outcomes. Thus, meanipgful research depends on the availability
* I

’ .mf‘ﬁ*‘_‘- . 7

are speclfled (perhaps |nc9mpletely, at flrst)"m‘ZEe theorettcal propost- ’

‘

tions that guide the research. P ¥ . 3 . % jd
. 2 . ot (

*  Some of the outcomes important in theory-building may'a156 be shown
to be relevant to educational practice. In these instances, again, the

measurement of outcomes~€erves as a check on the efficacy of innovative
P _ .
educational practice. ’ ‘ e .

L
.
- .o

In both of the above contexts, the development-of domain-Teferenced

A N \
measur&‘rs served and is guided by the needs of the potential users of .

) .
the measures. However, in the present study we had no potential users

-

4 3
coming ﬁ)lw for help in creating a‘measure of a chosen domain. Instead,
we were trying to anticfpate the need for such measures and to create

-
-

’ . { ”

merely-an ad hoc attempt at identifying an interesting component af reading-
i .

compiehension that could be used ég} try out and refine our development

Y

strategy. - ‘ . ) e

A ~
N

. . . L

Under the circumstances, the selection of FMP seems to have.’been a

.

fortunate one. It providea the. framework for implementing. the approach;

it had "face validity" to those interested in study!ﬁg reading.cemprehen-

sion; and it 5erm!tted us to work through virtually every step of the ) # ‘ .

4 . - 2 -

proposed strategy. ' ‘ Eizil ' " St )




| S Prototypic item identification. Following the‘identhication of a

_performance in. the domain. : .o .

Vi
¥,
’

Domain Referenced Tests
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.

domain, the next task is to locate or generate items that seem to represent
¢ . ., ) .

ncomfortably diverse qrfay

L] N
the desired behaviqrs. This.may produce an

-

© of "item forms.' For example, in the present syudy, numerous probes for

FMP were encountered {e.g., ”The story malnly tells L' HThe be%f title

.

i's...,'" '"What was the author's purpose?“) lt was also discovered that

) ]
main point questions could haot meaningfully be asked of certain types of

_ material (e.g., anecdotes, travelogues). Further, various kinds of main

points were encountered {e.g., theme, topic, moral) which affected the

™, N < 4

t. c . ' .
utility of identified items. Thus, the review of existing measures %roved

useful to indicate some botentjaliy confoynding variables that might affect
) 1. ’

RS
Fa®

Specification of relevant variables. After the domain has been identi-

. "a

fied and prototypic .items have been located or generated, the next step

requnres that relevant variables be |dent|f|ed which could affect performance.

»
In the absence of a Erlor theoretncal gundes, we chose to do thls by con-

sulting the I}terature, curriculum packages, tests, and reading teachers.

In addi;ibn, we asked students to te¥l us how they read to. find the main

N -
a v N

p0|nt, arid e observed students as they did so. Since our list soon in-
*

cluded 12 possible varlables, we feel confndent that a group of knowledge-

able teachers, researchers, and/or clrriculum developers could qu1ckly
v & ) ‘ . a e
generate & reliable list of variables. '

’

‘Qperatfonalization of relevant-variaBles The next step rejuires

&

i

o~ b}

that EH re]evant varlables be operatlonallzed That is, activities or”

oy

operations which quanitfy levels along the.variable continuums need to

&
N ! C.

L]
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be specified. Problems of several types arise In this Kind of aétivity. o

/ -
One problem involves-a matter of preference as each of several models or

‘  reséearch paradigms can léaq individuals to prepare different .operational

fundamental
) ' ' i

. + strategjes. Theoretically, their differences could lead to

disagreements.

- - Y

Another problem arises when the designs become crossed,

i.e., when one must
2>

_interpret the meaning of séveralidefinitions simultareously. Sqmetimes,

nonsense.cells which represent non-existant ''real life' conditions are . )
- . -~

N . ~

-

produced. For~examp1e, while we wanted to use a text that has no main

» ~

point statemeht, we could not use the condition, ”frequené}“of main point

-1

-

statements equafs zero." To have a zero main point condition would have *

LW

negatea the variable 'direct/indirect statement of the matn point.'’

< .
) The time dnd skill required to generate the various text conditions .
-is another problem. Selecting and/or writing the passage content, shaping

the text to qonform to the operational variables, and editing the éntire

discourse to insure a coherent passage require skill and effort. Large

~
Y

scale production of domain referenced tests may not be feasible.

Collection’and ané]ysis of performance data. The finalls;ep in this

study was the collection and analysis of performance data. Perhaps the .

most important information learned from the data was (1) the empirical

. verification of the operationalization of the variables chosen; (2) the

\ .
- . - -\ ~ o
. “potency of each variable; and.(3) a description of the relationships among
‘ , oo,
varfables. N

The results of this study showed that the experimental variables

- L4

the two significant variables),

29 . B B -

" caused a small (5-6% of variance for each of

-
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A “

but Feliable (E < ,02) dinerence in the perfdfmance’of students on this

L
.

task. ‘How large thesé diffeé&nces must be before they become Interésting
depends prima}ily on the dgcisioﬁ-making paradigms in which the measures
¢ * \ .
will ‘be used.. Needless to say, at present the differences are not large
4 3 -

t

enouéh to servefany worthwhile function in decision-making. Ideally, mbre

« N S . . )
- insight into thg nature of these variables will ehable them to be opera-

r ]

_tionalized such that the differences will’be large or to be discarded

- ]
‘because their efects are too small to merit further~gonsideration. In

o . . N 2

. the fgrmer'case, a regression technique could then be applied to predict'

@ . -

_the difficulty of an itgm. When this can be done, the model will have

Y

changgd‘froﬁ a descriptive one to a predictive one.

Given that we bé@aq_with very little knowledge about FMP, the results
were encburaglng. Hbﬁqvér” only a'fractioq of. the needed empirical work
> - . '

has been done. Yet, our data collection seemed to_demonsttaggxéleafiy

the rela;fVE'eﬁfects of the variables. The major drawback to this ;

F ~
an ” »

appraach is the cost. Large amounts of‘subject time, experimenter time,

2 . ’ ~

and materials are needed. .

\\, e ' )
Summar¥. Jn general, the proposed strategy seems to be.a reason-

»

able. way. to develop domqfn referenced tests. By the time a domain has

been well developed, the evidence to support its psychometric properties

4

-

A ] At

large amount of time and resources required to develop the materials

-

(operationalize the varjables) and to go through the several model build- '

a " 2, . .
* ~

ing iteratioms. . ) ] £ 4
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What WouTd/?Be Done Next with the FMP .Domain? | ’

mgncg would be at

. , » ! [ * .
First, those variables thglt have not systematically affected perfor-

least témporafily eliminate&, namely, 'frequency of

mainpoint stateménts'' and "'number of non-supporting details.' They might

« ’

be re-introduced at some later time to determine whether or not they have

. ’ A

- .

interactive effects with other variables.

-

5

the list presented iq.Jéble 1.
. . -

include cognitive processing and individual difference variables.

how gerferalizable the fechnique,is.

well with only two passages.

.
-

variaples would be incorporated into the model.

The§e might come from

/

Second, additional Important-

a sample of other similar texts would be used so that we can' determine

M

\
i

At any‘rate, the quél would eventually

Third,

-

To date we know that it works rather

PR

Fourth, a sample of similar item formats

(i.e., other than 'The story majnly tells....") would be used to explbre

their impact on the task of FMP.

“other forms of validity of the FMP domain.

¥

¢

And last, we would need to investigate *

Tt is impoftant to keep” in mind that this was a pilot effort at

.

a plyiﬁg a procedure for developing domain-referenced measures. Jhe pro-
pplying ap ) A )

cedure;wég a rather effective one for sampling and screening variables

affecting FMP and for creating what was in fact a one-Ttem ""test." A

.

needed next step’is‘to develop a test with multiple.measureé per inddvidg
ual, employ%ng a series éf\pé§éages for which examinees are to (ind,the

¢ ' . ® ,
1t would then be possjble to apply one or another of the

A

uh_order to determine scale values

test theory '//9}S'd15cussgh earligﬂ1

for’each of ‘the items. Once thns scaling was - accomplnshed one could

main point.
.#'* A ]

obfain psychometrically defensnble estimates of examinees' ability.
‘ 31 .

~.

A




y

1]
"

B3

Joe ’ ) oo Domain Referenced Tests

Yol ., . 31 . o
: . , r ' . - =

<

Suggestions for Future Development of Domain Referenced Tests

- . E
- «

Jo reiterate the earlier discussion, we concluded that_developing

domain referenced tests is a theoretical, model buildingﬁyresearch

- actiwity. The basic steps:in tne process are: (1) domain identifica-
tion,°(2) prototypic item identification, (3) specification of relevant o
variables, (4) operationalization of releuant variabies, and (5) collec- 1

v

tion and analysis of perfﬁrmance data. Dep ’dfng on the way the variables

%
§

7 x = ‘
behave, steps 3 through 5 aF? repeated unti] performance on domaln items
4 \ By '
,' is predictable and a good met&:c Tan be determined. ¢
. i , ' A

3 . -

Id

Wi th respect “to furtner {efinement,of a domain, a two-pronged attack
seems'cailed for. Validation of the theory upon which a domain iilbased

' is intrinsic tosour aporoach to test con truction.f Empiriéai vaiidatién .

difﬁerenoe. However, the ‘

-

. of a domain reveals which variables make

theory also can be énriched from related rgsearch. (For instance, the'

. difficulty of findind the main point no doubt depends‘upon the inferential
4 : . . -
demands of @ passage.  Eventually, variables reflecting this characteristic

/

. . -
should be included in the definitions of the FMP domain.) A_point’ to be
- . PR . .

/émghasized, though, is that the development of domain referenced tests

. -

must prooeed in parallel with other research. Because of the ability o

domain referenced tests to measure an indjvidual's performance with res-

~

pect to. the domain being investigated, it would be unwise to wait until

. 4
e

linguists and psychoioglsts beileve they have a comprehensnve model of

£ = L4 ‘ . -

discourse structure and processnng Domain {eferenCed tests could be

v

quite usefui to researchers' deveioping such a model. N .
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In which additional .do Iné should prototyﬁe test research be done?

Research on the cégnitive rocesses |nvolved in reading w:th cOmprehension

is revealing poté;?iilly important domatns. Examples include drawnng

pragmatic inferences, detectnng fallures in comprehens:on, and taking

steps to overcome failures in ;omp:ehensnon.
- 2

5

The current state of the

.

art in reading education is also a source of ideas about significant do-

~ . . - ’;‘éx L
mai.ns R :5. i . ) .

4

-

Now that a case has been made for a yatlonal set of procedures for

) )
the deve}opment and val:datlon of domalq\referenced tests, are the result-
ing products oﬂ any wuse? The theoretita and practical applncat:ons

mentxoned earlner appear to be relatnvely stratghtforward HoweVer,

.

pose some diffiéulty. .For domain referenc

been discussing to be effectively utilized {n schools, there may have to

.
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4

. 2Because the purpose-of. this study was to estimate the effects of the

"'‘passage difficulty' variables on examinees' abilityAto find the main poiét,
Such control is appropriate in developmental research intended to ;ield

;esearch has been carried out, it is no longer "appropriate to use ANCOVA -

-

to analyze test results.

The use of vocabulary as a blocking variable was also considered. How-

ever, because of the sﬂgll number of subjects per cell in this study, including

-

it was important to statistically control for the influence of vocabulary,

‘understanding of the characteristics of a domain. After this developméntgl

.3

vogabulaﬁy as a factor led to a iarge number of empty cells. Subsequent

research might be deéigned to incorpbrate vocabulary.as

analysis wés not possible in th

e present study.

*

e

a factor, but such an

-
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Variables Predicted to Affect

. . s

the Difficulty of 'Finding.the Main Point'
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Table 1 ,

’

.

s,
~
<

Variable & Values - HO\;\I uSed .
1. Frequencyﬂpf statement; of High or low Manipulated
‘ maa%@po ‘
g. St@éemenéﬁQf main polnt J ; . Dire;t or i;direet ' 4 Manipu%ated
.3.'F|t bf passage structure to~u’ Good or poor ! Maﬁipulated

mode read:ng strategy

L, Non- suﬁportlve |deas ,

b o -

Y

»
~

' Few or many 3 _’// Manipulated™

5. TextﬂQges denoting statement © ?reseht or absent Lonstant
, of.main“ﬁolnt j' '
6. Text cles denoting details “ Present or absent - Constant
7.§%ocabulary ; Simple or difficult‘ Constant-
8. Syntax \ i Sihple or complex Constaﬁt:
9. Structg}e ,% “fNested‘sf“?ﬂat . Constant
10. Style J Narrative or argumentatife ) Constant
tl.-Passage ]enéth i Short or long : : Constan{
12. Numper of main_pofnts . ; Zero, one or more L o Constant’
- €3 .
L . * /

-

LY
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-

Characteristics of the Practice Passages
. . 3

Frequency of main poI;}\\ " “ Fit of text structure to Ideas non-supportive of
statements ) Statement of main point mode réiiﬁgdrstrategy the main point
Passage No. Low' . Hiéh Indirect ’ Direct Poor Good Many Few -
1 (“Easy') . X X X X
r ’ -
2 (''"Moderate') X X X . ~ X
~
X X “ X

© 3 ("Difficult") X

oy

I3

e’

9¢
QpS3S91 padusiayay ujewog




Table 3 .

&

Domaih’Refétengea Tests

3
3‘;

i

P
o

Means and Standard Deviations of the Dependent Variables and Covariate
o B . + !

= L]

'

.

H
L
!

hd 3

¥

YVariable Possible range- _ Mean Standard D?v{étion
k
Vocabulary test . 0-20 14 .95 - 2.8ﬁ
: \
Practjce passage. ’ -
Topic score -2 1.80 0.4
Action score » 0;2 ) 1.05: 0.92 )
Modifier sco;e 0-2 ) 0.77 - 0.9é )
Total score. ° - 0-6° 3.58 / 1.56
Experimental passage ’ .. g
Topic score 0-2 1.27 M-63:
Action score 0-2 1.50 0.82 ’
Modifier ;core 0-2 ) 0.66 . O.éh
Total score . O-g . 3.28a “I.S{ ’

because deductions ‘were made for the inclusion.of extraneous material in

an otherwise correct or partially=correct response.

%1Total score" is not equal to the sum of the three component scores -

>
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P Two-Factor Design Used to Confirm Predicted Passage Difficulty:
. tT 5 > n
., - . - A -
~ . Passage . N
o Difficulty category - - ¢ ‘N
o > ) . \
) - Practice s Experimental _ DY
- < B . -
Easy . ; ~ n=27 " ‘n =5 A
-t »/—'; 4 ’ ’ ’ v < !

; _ 7 Moderate ) - . ~ n =25

- Difficult L n =23 .

. .
- . . |
> . e . 5
< r a
< K ~ ( a R . .
- . ”
~ - ’ < .
- < - . . )
N . .
o - g A
- . . .
. . N ) ' \1
e £
.
. 13
-~ - . P M * P
LR N -~ t
. . R .
‘ ‘ ae . |
- ’ - K . . ’ i
P < _’
~ -
. . .
. . %.: ‘
4 , ,
’ ¢ - - t \
- , .
4 ~ ’ . .
o LA L4 ‘(
.t
- , . 5. : .
- L
) ] - - -~ . a
, .. <.
ey - .
A -
A . e \ﬁ- N >,
.
W e 40 1Y
% ,
- o3 s R
M -
, fe - ~ . R
AN
* 7 . - L4 - .
g - v
e ‘o o - '
I3 . - .
. . B
,®
. -
,’jp -~ . - -
5
-
e, . ) ) )
P R
- . ®
~ . - < v
. . .
LS. . ., b 4 c,
M A4
(ERIC. o
- .
’ - ia - . e .
) - hd * s N .
. . o« v . :

lal



LI
. ~
- . ,.)
’

b

)
»

oL

.Appendix

!

v

38

Practice Pas'sagés...,.qo ~-hz

Expertmental Passage Classiflcatlons.....:%.......l...,.......d....h3

4

-

- Experimental Passaggs...................................ff:......f.hh-59

)
-
\ e
Ny
.
.
Y -
: \
AN
- &
+
f
.
L]
>
n"
. '
@

.4
A
4
]
/ -
z ’
3
i .
% R
Q -
ERIC " .

PRI A v ext Provided by ERIC
[
-

i~

o

.'!
\
41

~

-
- - .
)
L3
S
¥,
.
- 4
.
)
.
.
-
e
- -~
-
//
.

4 ~
-
-
-3
f
.




" .
‘ . x »

Domain. Referenced Tests

' ) . , . ho
<5 . - -
|lEaSyH - N . . ”
.t o
. . hd .
b Ac—time ; ) gtesare being senseléssiy

kiTled by humans. So many are being killed that the danger of bald eagles

becoming extinct is _quickl

‘Increasing.

our nation's symbol

om dying ‘out.

We must take steps to prevent

‘ News of their deaths appeaer\} often. Recently in a midwestern
state, a'man saw a giant American,bald eagle -circling high in the sky
He was one of those so called sportsmen who kill anything in sight. He

. quickly stopped his car, aimed, and brought the might? bird down with one
shot. Then he drove ofif, havnng made his kill.

#

[l

Another example occurred tn Florida.

Two boys found an eagle s nest

in a lonely pine.

‘There were two.

They climbed up to see if there were any eggs in it.

The boys tossed them down

}o -splatter on the ground.

two eagles- that would never be hatched.

The result:
. ;

The' fact is that acts such as these have made the bald eagle almqgst
extinct. At last count there were fewer than kdbo-b1rds, and the number
k lS getting smaller all the time.

Lots of nonsense is spread about the bald eagle. Some say it is a
fierce thief that sweeps down to carry off pets, poultry, and.even
children. Some think it is a clumsy, cowardly creature that lives by
stealing. Both views are wrong, but the views lead to trouble for the
bald eagle.

i &§3feu

-

~
ln Wyoming a group of chicken farmers were angry about the loss of

chickens. They banded together to get the suspected culprit--the

>

bald eagle.

Armed with rifles, the group rode irto the hills and shot

every eagle they could find.

Later they learned that a wd dog had

*stoken the chnckens, but it was tdo late.

dead

-

Twenty-three bald eagles were

~

- ‘ X ' . - .
"‘Bald eagles are also endangered by mistaken killings and. careless

acts. If mass murde; of the mighty bald eagle does not stop-sooh, we

witl lose it foreveu;

We are having our last chance to save the bald

eagle.

14

[y

;

.
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eagle circling high in the sky. He was one of those so- ca]led sportsmen .
who kill anything in sight. He quickly stopped his car, aimed, and brought
the mighty bird down with one shot. Then he drove off, having made his
kilI. " t ’ ‘
.. £ d \

« * bn Florida two boys found an eagle s nest in a lonely pine. They. .
_climbed up to see if theﬁe were any eggs in it. There were two. The .
s boys tossed them down,to splatter on the ground. The result oflghese o

stories: one bird dead and two that would never be hatched. L .-

Lots of nonsense is sp:ead about the bald eagﬂe Some say it is ., A
a‘fierce’thief that swéeps down to carry off pets, poultry, and even
children. Some think it”is a clumsy, cawardly creature that Tives by <~
stealing. Both these views are wrong, but some people try to kill eagles \ c.
because .they believe those ideas.

In Wyoming, a group of chicken farmers were angry at the loss of a - “
few chickens. They banded together to get the suspected culprit--the -
bald éagle. Armed with rifles, the group rode high into the hills and
'shot every bald eagle they coild, find.” Later they learned that a wild
dog had stolen the chickens, but It was too late Twenty-three bald
eagles were dead. : ’ . S

~
M -

Acts like these, year after year, have made the bald eagle almost
: : extinct. At last count there were fewer than L,000 of the birds, and .
the number is getting smaller all the time. We must take steps to prevent
- the bald eagle from dying out entirely. ' ' -

Often, bald eagles are killed because of mistakes and carelessness.
When young, bald eagles look quite & bit like the golden eagle. Golden
eagles are not protected by law like the bald eaglée is. Some people
have mistakenly killed a bald eagle when they thought they were shooting
a golden e%gle . ‘ . o

.

" Bald eagles eat mice and rats and other pests. 4eople often use
. poisons to help get rid of such pests. ‘But if an eagle eats a mousé
. _ that has poison in it, then the eagle. will alsote accggently pQ|soned ( v

o
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Recently in a midwestern state, a forty-two vear old ex-buqinpqsmag__aﬁmme,s,ﬂ"_.

N

* ¢+ saw a giant American bald eagle circling high in the sky. He was one of
those so-called sportsmen who kill anything in sight. He quickly stopped
v . . his car and pulled out th&gun. he had recently purchased in a local super- .
* market. He aimed and brought the mighty bird down with one shot. Then '
he drove off ‘having made ﬁis kill,

"o Lots of nonsense is Spread about the bald eagle. /lSome say it is a
fierce thief that sweeps dawn to carry off pets, poultry, and even children.
Some think it is a clumsy, cowardly creature that Iives by stealing. Those
are not true Lelnefs, bug some people kill bald eagles anyway. Actually,
the eagle is & meat-eating bird that lives on anlmals N Y

N S KilTing a bald éagle ss proh:bIted by law, but téo miany people are
Ml]llng to risk the $500 flpe. Of colrse there are always the gun- happy
hunters and those who are’ 5 ly careless. i t ,

The bald, eagle is one.of the largest birds we have. Its wings cah’
reach seven feet across, and it may weigh up to ten pounds. An eagle can )
: dive. at 60 miles an hour; in fact, some sagles have.been clocked at an - \
dstounding 100 miles an hour. The eye sight of an eagle is outstanding; ) E

one was the seen dIvtng for a fish floating on a lake a full three miles . .
‘away. u,xg C e ’ . g
i N - . »
Each ye§r, the nationhal park system makes an effort to count the
number of‘bald eagles living in the United States. In 1962, roughly

" 6,000 birds weré counted by the park system employees. - .In 1968, the count -
*was even less than 4,000 birds. Park?rangers fear the count may never .
S stop decreas;ng .
“,,~’ The,bald éagle f?%; beautiful and mnghty bnrd Perhaps that is why
-the fogpders?of our country chose it to be the national symbol. Its
o |mage can be seen on money, like the quarter or the one dollar bill,
and is even found on the seal of the President “of the United States.
Some indians used to wear its feathers to show acts of braver¥ like ’
SOIdners wear medals today. -
. < ,
. ) . . . .
& - 3
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Experimental Passage Clggsificatiods ,
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Frequency of main point
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Fit of text structure to
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: One of the most difficult of all bridge~building feats was .
’ . accomplished twenty years ago when a bridge called "Big Mac" was con-
structed in northern Michigan. The task was so difficult that most - .
‘ ) _people had said that the bridge, tcould not be built. . But hundreds of )
people worked hard for several zears, and eventually the bridge was ) Tt
= .

< - completed. N

. . . P
xpig pzoo;wmmmmmﬂﬁip of
water that is both very deep and.very wide. The strip of water, called
the Straits of Mackinac, separates Lake Michigan from Lake Huron and
also divides the state of Michigan .into two parts. 1In some places the ,

water is almost 400 feet deepﬁ‘and the two parts of the state lie.

. . ‘almgst four miles apart: .
14

Another problem was that the winds that blow through the straits
are ve#y strong. It is not uncommon for wind speeds to reach 75 miles
per‘ hour, especially during the winter season. Many people said that . p

no bridge would be 5trong enough to withstand the strong winds.

Large waves ware also a concern to the bridge builders. When the .
winds are blowing the strongest,. the waves on the top of the water can ;
become gquite big. At one time so fany boats were being damaged by the

waves“that the United States Coast Guard was forced to forbid all
pleasure-boating on the Straits.except when the water and the wind - .
both calm. " .- : ’

- -

'puring part of the year, winter builds its own bridge between _ =~ -
the! two parts of Michigan. This bridge, however, is not safe enough’
for' vehicles to cross over. It is made odt of ice. With wintexrs as - ¢
fierce as they are in northern Michigan, the grinding ice could Ppossibly
. damage the bridge. . ..

Still, engineers began (é work on the many problems. They decided
that the difficult job could be done. They would build a suspension .
. bridge. (This is a bridge in which the roadway is hung, or suspended, -
: from great cables. The cables are supported by tall towers.) The
bridge would be five miles long, and the suspension parts would be the
’ T longest ever built.

. 7 . .
People also said a bridge would cost too-much--one hpndred million .
dollars. How would the state pay for it? It was decided that money
& would be raised by selling bonds. The bond buyers would be paid back
‘ * by all who used the bridge. <Cars, trucks, and buses would pay a toll .
when they crossed the bridge.
’ In order to build the bridge, the engineers determined that thirty-
four underwater supports, called caiSsons, would have to be sunk down
through the water and mud to solid rock. Eac d to be placed within -
less than an inch of the right spot. Otherwi the steel parts being .
made elsewhare would not £it. The job would be tricky, but they said .
they could g it. =

4

My

3

So they went to'work. Parts of the bridge were built in mills ,
and shops all across the country.. The pieces of the bridge were
+shipped to the Straits to be put together. They came on railroad
cars, ‘on-barges towed by tugs, and on lArge ships.

The caissons were put ih first. .Next the ste€l cable towers, .
tall'as fifty story buildings weXe built. Then the two cables .that
would support the road were spun. . A total of 12,580 wires had to be -
. squeezed into each round cable to make them strong enough. The cables
o« were put in place, huge steel frames were hung from the cables, and Q&
the roadway was built. . i

on Labor Day, 1957, "Big Mac" was officially opeped to traffic.
The bridge that many thought would never be built had been built. Aall
the many problems that made buiig}ngkﬁhe bridge so difficult had beee o

s R solved. ~ ‘ _ B
) E MC ) * ' 4 7 . " ) R
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" One of the most difficult of all bridge-building feats was
accomblished twenty years Zgo whert a bridge called "Big Mac" was con-
structed in northern Michigan..- The task was so difficult that most
people had said that the bridge could never be built. But hundreds
of pdople worked hard for several years, and eventually the bridge

Y

'y Mackinac, separates Lake Michigan from Lake Huropn and

L X3 - T T
== ie ~ N
v

\

deep and very wide. The strip of water, called the Stiraits of

lso divides the
state of Michigan into two parts. Ir some places the water is almost
. 400 feet deep, and the two parts of the state lie almost four miles
apart. -

The bridge had to be built over a strip of waterXEhag,is both very

-

-
s .

-It is not uncommon for wind speeds to reach 75 miles per
especially during the winter season. Many people said that no
bridge would- be strong enough to withstand the strong w1nds.

The w1nds that blow through the Straits are very, ueiy ’strong:“

Large waves were a concern to the bridge buildgrs. When the winds
N 1a§e’blow1ng the strongest, the waves on the top of the water can become
. Quite big. At one time so many boats were being,damdged by the waves
‘that the United States Coast Guard was forced to forbid all pleasure- -
boating on the Straits except when the water and the wind weré both calm.

N
-}

+ .. During part of the year,~w1nter bullds its own bridge between the

. +-two parts of Michigan. This bxidge, however, is not safe enough for
vehicles to cross over.. It is made out of ice. With winters as fierce
as they are in noxthern M1ch1gan, the grinding ice could possibly
damage a bridge.

. - .
* > ’ ' . N

, The'engineers assigned to study the possibility of building the
. brldge decided they would build a suspension bridge. (This is a bridge
in which the roadway is hung, or suspended, from great cables. The -
cables are supported 5 tall towers.) The bridge would be five miles
long, and the suspensipr\ parts would be the longest ever built. ’

.ﬁ

People said a brldq ould. cost too much--one hundred million
dollars. How would the stade pay for it? It was decided that mohey
would be raised by selling bonds. The bond buyers would be paid back
by all who used the bridge. Cars, trucks, an8 buses would pay a toll
when they crossed the bridge. ' ’

N
~ffif In order to build the brldge, the engineers determined that
4th1rty-iour underwater supports, .called caissons, would have to be sunk
<. down through the water and mud to solid rock. Each had tp.be placed -
ithin less than an 1hch of the right spot. Otherwise, the steel parts
being made elsewhere would not f1t. The job would be tricky, but, they
said they could do it. | , : .

Pl

So they went -to work. Parts of the bridge were built in mills and
shops all across thg country. The‘pied&s of the bridge were shipped to
.the,Straits to be put together. They came on railroad cars, on barges
towed by tugs, and’'on large ships. . ) \\
The €aissons were put in first. Next the steel cable towers, tall
as fifty story buildings, were built. Then the two giant cables that
wowld support the road were spun. A total of 12,580 wires had,to-~be
squeezed into each round cable”to make them strong enough. The cables
were put in plage, huge steel frames weré hung from the cables, and the
roadway was.built.: .

.
.

On Labor Day, 1957, "Blc Mac" was offlcially opened to traffic.

5 Today CarSr trucks, and buses can cross the bridge in ten minutes.

‘r
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' put together. They came on railroad.cars&npn barges towed by tugs,‘ghd
///gn large ships. - . N C %
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The caissons were put in first. Next the steel cable towers, tall \
as fifty story buildings, were built. Then the two giant cables that
would support the road were spun. A total of 12,580 wires had to be |
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Between the thns of Macknaw Cfty and st. Ignace in Michigan lies
a strip of water called the Straits of Mackinac. It separates Lake ’ '
Michigan from Lake Huron and also divides the state of Michigan into
two parts. In some places th§ water is almost 400 feet deep, and the
two parts of the state lie almést four miles apart.

A major problem through there is that the w1nds are very, very
strong. It is not uncommon for wind. speeds to reach 75 miles per hour,
especially during the winter season. Many people said that a bridge .
built across the Straits womld mot be strang enough to withstand the
strong winds. PY . o .

Large waves can also be a problem in the Straits of Mackinac. h
When the winds are blowrng the strongest, the waves on the top of the
water can become,quite big. At one time so many boats were being 3
damaged by the waves that the United States Coast Guard was forced to
forbid all pleasure-boating on thé€ Straits except when the water and
the .wind were both calm. -

%hen .a bridge-nicknamed "Big Mac" was constructed across the ’ - .
Straits twenty years ago,.one of the most difficult of all bridge-
building feats was .accomplished. The task was so difficult that most
people had said that the bridge could.never be built. But hundreds
of people worked' hard for several years, and eventqélly the bridge
was completed. 2

~

>
» - -

During part of the year, wirter builds its own bridge between the
two parts of Michigan. This bridge, however, is not safe enough for 3 K%,
vehicles to cross over. It is made out of ice. With winters as fierce R
as they &e in northern Michidan, the grinding ice could possibly
damage a bridge.

The engineers assigned to study the possibility of byitdi
bridge degided that they would build a suspension bridge« (Thni\::'a

bridge in which the roadway is hung, or suspended, frgm great cjbles. .
The cables are supported by tall towers.) The bridgd would be fI -
miles long, and the suspension parts would be the gest ever built. .
There were many problems to deal with in building is bridge, but the .
engineers decided that the difficult job could be doné. ) .
“

People also said a bridge would cost too much--one hundred million :
dollars. How would the state-pay for it? It was decided that money -
would be raised by selling bonds. The bond buyers would be paig back
by all who used the bridge. Cars, trucks; and buses would pay a toll
whéen they crossed the bridge. . X . -

In order to build the bridge, the engineers determined that thirty- '
four underwater supports, called caissons, would have to be.sunk down
through thé water and mud to solid rock. Each had to be placed within .
less than an inch of the right spot. Otherwise the steel parts being
made elsewhere wotild not fit. The job would be tricky, but they said
they could do it. . )

On Labor Day, 1957, "Big Mac" was officially opened to'traffic.
The bridge that many thought could never be built had been built. Aall \ » .
the many problems that made building the bridge gso difficult had been

-

solv , & *
Parts’ of the bridge were built in mills and shops all across the '
country. The pieces of the bridge were shipped to the Straits to be \

squeezed into each wound cable to make them strong enough. The -cables
were put in place, huge steel frames were hung from.the cables, and the
roadway was built. 49
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Between the towns "of Mackinaw City and St. Ignace in Michigan lles
a strip of water called the Straits of Mackinac. It separates Lake.
Michigan from Lake Huron and algo divides the state of Michigan into two
parts. In some places the water is almost 400 feet deepy and the, ‘two :
parts of the state lie-almost four mlles apart.

The winds through the Stralts,of Mackinac are very, very stroﬁgf It
is not uncommon for wind speeds. to reach 75 mile per hour, especially
during the winter season. Many people said that bridge built across the
Straits would not be sgrong enough to withstand the strong winds.

Large waves can be a problem in the Straits of Mackinac. When the
winds are:blowing the strongest, the waves on the top of the water can’_
become quite big. At one time so many boats were being damaged by the
waves that the United States CoQdst Guard was forced to forbid all pleasure- -
boating on the Straits except when tqe water and the wind were both calm.

When a Bridge nlcknamed "Big Mac was constructed across the Straits
twenty years ago, one of the moét,dlfflcult of all bridge-building feats ¢
was accomplished. The task was so difficult that most people had said
that the bridge could never be built. But hundreds of people' worked hard
for several years, and eventuallyythe bridge was completed

During part of the year, w}nter bullds its own bridge between the two

A»pé/is of Michigan. This bridge, howewer, is not safe enough for vehicles

to cross over. It is made out of ice. With winters as fierce as phey are
in northern Michigan, the grinding ice could possibly damage a bridge.

The engineers assigped to study the possxblllty of: bulldlng the
brldge decided they would build”a suspension bridge. (This is a bridge
in which the roadway is hung, or suspended from great cables. The cables
are supported by tall towers.) ,The brldge would be five miles long, and
the suspension parts would be the longest ever built. .

N People said a bridge would ¢ost too much=-one hundred million dollars!
How would the state pay for it?, It was decided that money would be raised
by selling bonds. The bond buyers would be paid back by all who used the
bridge. Cars, trucks, and buses would pay a toll when they crossed the
bridge. . ,

In order to build the brldge, the englneers determined that thirty-four
underwater supports, called calssons, would have to be sunk down through
the water and mud to solid rock: Each had to be placed within less than
an inch of the right spot. Otherwise the steel parts being made elsewhere
would not £it. The job would,be tricky, but they said thqf'could do it. N
Omx Labor Day, 1957, "Big ‘Mac" was officially opened to traffic. Today
cars, trucks, and buses can cross the bridge in ten minutes. '
Parts of the bridge were built in mills and shops all across the
country. The pieces of the bridge were shipped to the Straits to be put
together. They came on railroad cars, on barges towed by tugs, and on
‘large ships.

,? ¢

~

The _caissons were put in first. Next' the steel cable towers, tall
‘as fifty story buildings, were Bpilt. Then the two glant cables that
would support. the road were spun. A total of 12,580 wires had to be
squeezed into each round,cable to make them strong enough. The cables
were put in place, huge steel frames were hung from the cables, and the
roadway was bUllt. ] . . .

- -
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~ One of the most dlfflcult of all bridge-building feats was

accompllshed twenty years ago when a bridge callled "Big Mac" was con-
structed in northern Michigan. The task was s@/difficult that most .
people had said that the bridge could never bejbuilt. ‘

. LI . . -
A big problem was that the bridge had to|be built over a strip of '
watdr that is both very deep and very wide. The strip of water, called

e LaKke michigan irom Lakeé Huron, two
of®the five Great Lakes, all of which arg located on the northern border
of the continental United States, It al€o divides the state of Michigan .

i ' into two parts. These parts are called the Upper and Lower Peninsulas.
"In some places the water is almost 400 feet deep, and. the two parts of
the state lie almost four miles apart. > P

"Another blg problem was that the winds that blow through the Straits
are very strong. It iIs not uncommon for wind speeds to reach 75 miles A
per hour, especially during the cold winter season. Michigan's winters
are the fifth cgldest of all states, with an average seasonal snowfall -
. ".of 172 inches. Many people said that no _bridge would be strong enough
to withstand the strong winds.

, Large waves were also a‘°concern to the: brldgelbu1lders When the

‘ winds are blowing the strongest, the waves on the top of the water can
become guite big. At one time sO many boats were being damaged by the
waves that the United States Coast Guard was forced to forbid all
pleasure-boating on the Straits except when the water and the wind
were both calm.

Each day members of the Coast Guard constantly ponltor weather
conditions. They inform boaters whether or not it is safe to go out on
the Straits. - Weather forecasts and Coast Guard recommendations are
announced over the radio’ every half hour. Different colored flags are ., ,
raised over the Coast Guard stations to© s1gna1 specific weather condi-
tions to the boaters.

LI N

- .

. The engineers ass1gned to work on a brldge that would cross the .
Straits began to work ‘on the many problems. They decided .that the .
difficult job could be done. They would bulld a suspension bridge. -
{This is a bridge in which the roadway is hiing, or suspended, from great
' cables. The cables are supported by tall towers.) The bridge would be
five miles long, and.the suspension parts wou%p be the longest ever built.

People also sald,a bridge would cost too much--one hundred mfailon______,,;—~\

dollars. How would the state pay for it? 1t was decided that morey

would be raised by selling bonds, The bond buyers would be paid back

by all who used the brldge. Cars, trucks, and buses would pay a toll

when they crossed the brldge. ) o ' o
Invorder to build the brldge, the&anlneers determlned that

thirxty~-four underwater supports, called caissons, would have to be sunk

down through the water and mud to solid rock. Each had to be placed

within less than an inch of the right spot. Otherwise, the steel parts |

being made elsehwere would not fit. The job would be tricky. LI
The bu11ders went to work. Parts of, the bridge were built in mills .

and shops all across, the’ country. No 'stone or brick was to be used in

the bridge. Brldges of years ago were exclusively made of such materials.

. The pieces of the bridge were shipped to the Straits to be put together.

The caissons were put in first. Next the steel caple towers, tall
as fifty story buildirngs, were built. Then the two glant cables that
would support the road were spun. A total of 12,580 wires had to be
squeezed into each round cable to make them strong enough. The cables
were so strong they could hold enough two-ton trucks to make a line 150 .
. miles long. The cables were put in place, huge steel frames were hung °
from the cables, and the roadway was built.

Yl

Q On Labor Day, 1957, "Big Mac” was officially opened to traffic.' The
IE l(:‘ ~ bridge that many thought could never be built had beelFbuilt. All the :
many problefis that made building the bréie so difficult had been solved. . .

—
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One of the most-difficult of all bridge-building feats was
accomplished twenty years ago when a bridge called "Big Mac" was con-
structed in northern Michigan. The task was so difficult that most -
people had said that the bridge could never be built. \

The bridge had to be'built over a strip of water that is beth very
deep and very wide. The strip of water, called the Straits of Mackinac,
separates Laké Michigan from Lake Huron, two of the five Great Lakes, all

of wnicn are iocated on the northern border of the continental .
United States. It also divides the state of Michigan-into two parts.
These parts are called the Upper and Lower Peninsulas. In some places

the water is almost 400 feet deep, and the two parts of the state lie
almost four miles apart.

The winds—that blow through the Straits are very, very st;ong. It
is not uncommoh for wind speeds to reach 75 miles per hour, especiall
during the cold winter season. Mlchlgan s winters are the fifth cold%st
of all states, with an average seasonal snowfall of 172 inches. Many
people said that no bridge would be strong enough to withstand the stxong
winds. . ’ ’

- Large waves were a concern to the bridge builders. When the winds
are blowing the strongest, the waves, on the top of the water can bécomes
quite big. At one time so many boats were being damaged by the waves
that the United States Coast Guard was forced to forbid all pleasure-
boatlng on the Straits except when the water and the wind were both calm.
Each day members of the Coast Guard constantly monitor weather
conditions. They inform boaters whether or not it is safe to go out on
the Straits. Weather forecasts and Coast Guard recommendations are
announced over the radio every half hour.. Different colored flags are.
raised over the Coast Guard stations to sidnal specific weather condi-
tions to the boaters. I .

The engineers assigned to study the p0551b1 'ty of bu11d1ng the
brldge decided they would build a suspension bridges_ (This is a bridge
in which the roadway i2 hung, or suspended from greathcables. The .
cables are ‘supported by tall towers.) The bridge would\be five miles
long, and the suspension'parﬁs would be the longest ever built.

People said a bridge would cost tod much--one hundred million
dollars. How would the state pay for it? It was decided that money
would be raised by selling bonds. The bond buyers would be paid back ,
by all who used the bridge. Cars, trucks, and buses would pay a toll
when they crossed the bridge. ’

In order to build the bridge, the engineers determined that thirty-
four underwater supports called caissons would have to be sunk down
through the water and mud to solid rock. Each had to be placed within.
less than an inch of the right spot. Otherwise the steel parts being
made elsewhere would not fit. The ‘job would be tricky.

The ‘builders went té work. Parts of the-bridge were built in mills
and shops all across the country. No stone or brick was to.be used in
the brldge. Bridges of years ago were exclusively made of such materials.

»

The p1eces of the bridge were shipped’ to the Straits to be put together.

The calssons were put in first. Next the steel cable towers, tall
as fifty story buildings, were built. Then the two giant cables that.
would support the road were spun. A total of 12,580 wires had to be
squeezed into each round cable to make them strong,enough. The cables
were so strong they could hold enough two-ton trucks to make a line 150
milegs long., The cables were put in place, huge steel frames were hung
from the cables, and the roadway was bu11t. i .

On Labor Day, 1957, “Blg Mac" wasépfflcially opened to traffic.
Today cars, trucks, and buses can cros Sxé bridge in ten minutes.
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Betwe the towns of Mackinaw City and St. Ignace in Michigan lies’
a stri f ater talled the Straits of ‘Mackinac. It ‘separatés Lake
Michig om Lake Huron, two of the five Great Lakes, all of which are
located the northern border of the continental United States. It .

also divides the state of Michigan into two parts._ These parts are
called Upper and Lower Peninsulas. In some plaéeéfthe water is almost
400 feet deep, and the two parts of the state lie almost .four miles

_apart.

*A major problem through there is that’ the winds are very, very’
strong. It is not uncommon for wind 'speeds to reach 75 miles per hour;
especially during the cold winter season. Michigan's winters aré the
fifth coldest of all states, with an average seasonal snowfall of 172
inches. Many people said that a bridge built across the Straits would
be strong enough to withstand the strong winds. .

Large waves can also be a problem in the Straits of Mackinac. When
the winds are blowing the strongest, the waves on the top of the water
can become quite big. At one time so many boats .were being damaged by.
the waves that the United States Coast Guard was forced to forbid.all
pleasure-boating on the Straits except when the water and the w1nd
were both calm. - ' ,

Each day members of the Coast Guard constantly monitor weather
conditions. They inform Boaters whether or not it is safe .to go out on
the Straits. Weather forecasts and Coast Guard recommendations are
announced over the radio every half hour. Different colored flags are
raised dver the Coast Guard stations to signal specific weather conditions
to the boaters. , :

When a bridge nicknamed '/Big Mac" was constructed acrosf_the Straits
twenty years ago, one of the fnost @ifficult of all bridge-~building feats
'was accomplished. The task s so difficult that most people had said
that the bridge could never built. . .-

The engineers assigned to study the possibility of building the
bridge decided they would bUiIﬂ a suspension' bridge. (This is a bridge
in which the roadway is hung, or suspended, from great cables. The
cables are supported by tall towers.) ‘The bridge would be five miles .
long, and the suspension parts would be the longest ever built. There
were many problems to deal with in building this bridge, but the
engineers decided that the difficult job could be done. .,

.,

e

-

People also said a bridge would cost too much--one hundred million
dollars. How would the state pay for it? It was decided that money
would be raised by selling bonds. The bond buyers.woyld be paid back -
by all who used the bridge. Cars, trucks, and buses fould pay a toll .
when they crossed the bridge.

®  In order to build the bridge, the engineerg é€termined that thirty-
four underwater supports, called caissons, wou have to be sunk down -

“hrough the water and mud to solid rock. Each had to be placed within ’
less than an inch of the right spot. Otherwise the steel parts being®™ v
made elsewhere would not fit. The job would be tricky. .

On Labor. Day, 1957, "Big Mac" was officially opened to traffic.

he bridge that many thought could never be built had been built. . «
All the many problems that made building the bridge so difficult had
b solved. . .

Parts of the bridge were built in mills and shops all across the
country. No stone or brick was to be used in the bridge. -Bridges of
years ago were exclusively made of such materials. The pieces of the
bridge were shipped to the Straits to be put together. .

L]

The caissons were put in first. Next the steel cable towers, tall
as fifty story buildings, were built. " Then the two giant cables that
would support the road were :spun. A total of 12,580 wires had to be L
squeezed into each round cable to make them strong enough. The cables
were put in place, ﬁuge steel frames ?fre hung from the cables, and the

roadway was built. ,

- -
-
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Between the towns of MacKinaw City and St. Ignace in Michigan lies
a strlp of water called the Stralts of Mackinac. It sgparates Lake

Mlchlgan from Lake ‘Huron, . two of th ive QGreat Lakes, all of which are : . .
located on the northern border of thWcontinental Unlted States. -1t - ,
also divides the state of Michigan into two parts. ' These parts are . A

called the Upper and Lower Pehinsulas. In some pldces the water is
almost 400 feet deep, and the two parts of the state lie almost four
. miles apart.

. The wind%s that blow_ through the Straits are very, very strong. It
. is not uncommon for wind speeds to reach 75 miles per hour, especially
during the cold winter season. Michigan's winters are the fifth coldest
\of all states, with an average seasonal snowfall of 172.inches. Many
, people said that a bridge built across the Straits would not be strong
- /V enoudgh to w1thstand the strong winds.* X

Large anes can be a problem in the .Straits of Macklnac. When the
winds are blowing the strongest, the waves on the top of the water can
jome guite big. At one-time.so many boats were being damaged by the
waves that the United States Cbast Guard was forced to forbid all
pleasure-boating on the Straits exceépt wheémn\the water and the wind )
were- both calm. . ) !
Each day members of the Coast Guard cohstantly monitor weather
comditions. They inform boaters whether or not it is safe to go out on
.the Straits. WwWeathér forecasts, and Coast Guard recommendations are
announced over the radio every half hour. "Different colored flags are
raised over the Coast Guard stations to s;gnaL specific weather -
conditions to-the boaters.

-

-y

When a bridge nicknamed "Big Mac" was constructed across the Straits’
twenty years ago, one of the most difficult of all bridge-building feats
was accomplished. The task was so difficult that gost people had said
that the brldge could never be bu11t. . o .

<

. Thé engineers assigned to study the possibility of building the
" bridge decided they would build a suspension bxidge. (This is a bridge
in which the roadway is hung, or suspended, from great cables. The ~
\ cables are supported by tall towers.) The"bridge would be five miles
long and the suspension parts would be the longest ever built.
People said a bridge would cost toq much--oﬁe hundred million
dollars. How would the state pay for it? It was decided that money . .
would be raised by selling bonds. The bond buyers would bet paid back ' Y
at by all who used the bridge. .Cars, ‘trucks, and buses would pay a toll .
when they crossed the bridge. . -

In ordef to build the bridge, the englneers determlned that
. thirty-four undérwater supports, called caissonk, would! have to be sunk
Jown through the water and mud to solid rock. Each had "to Jbe placed
within less than an ipch of the right spot, 0therw1se the steél parts
belng.made elséWhere would not fit. The Job would be’ trlcky. -

[

" parts of the bridge were built in 1115 and shops all. aCrOSS the
country. No stone,or brick was to be USed in the bridge. Brldges of
years ago were exclusively .made of.rsuch materials. The p1eces of the
bridge were shipped to the Straits«to be put together.

The caissons were put in frrst, Next the steel cable towers, tall- -

» . as fifty story buildings, were built. Then the two giant cables that - )
would support the rodd were .spun. A total of 12, 580 wires had to be - &
squeezed into 'each round cable to make them strong enough. The cables
were so- strofng they could hold enough two—-ton trucks to make a line ..

. 1 miles long. Cables were put in place, huge steel frames were hung

. _from tiwe. cables, und the roadway was'fuilt. .

) ' Ori- Labor Dc% 1957, "Blg Mac" was off1c1a11y opened to traffic. . 54
8,

L
IERJ!: Today, catilptru

and buses can cross the bridge in ten.minutes. .
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In the ea 1940s, lotis of time, effort, and-money were invested
to build-'a bridgé over a rather wide body of water near Tacoma,
Washington. Many had claimed it would require a miracle for workers to
build a bridge across the Tacoma Narrows: They said the job was too
dangerous\and would be too difficult. But workers went ahead. After
years of difficult struggle, the bridge wabsactua¥ly completed. But.
soon the bridge collapsed. ' A strong Tacoma Narrow ridge could not be
built. ©0 few years after a similar effg;;/ﬁgiibeing considered in
northern n, Would this effort prod another Tacoma Narrows .
Bridge?- ° ’/////ye -

H v

- A ﬁ&g problem 4in Michigaé/yaé/ihat the bridge had to be built over

a strip of water that is th-very deep and very wide. The strip of

water, called the-Strait$0f Mackipac, separates Lake Michigan from

In

: ﬁlgpes tpe water ¥s almost 400 feet deep, and the two. parts of the

y lie.almost four.miles apart. 5 R

° ~a . . .

A 'theg problem was that the winds that blow through the straits
y strong. It is not uncommon for wind speeds to.reach 75 miles

et hour, epsedially during ;ge winter season. Many people said that

gh to withstand Ehe strong winds.

Y Large:wq§e§ were also awcogpern to the‘bridge builders. When the

winds are blowihg the strongest,” the waves on the top of the water &an

become quite big. At one’'time so many boats were being damaged by the

waves tht the United States Coast Guard was forced to forbid all

v

M

iieasure~boating on £he Straits except when the water and the‘i;pd werea' "

th' cdlm. . - -
Buring part of the year, winter builds its own bridge between the

two parts of Michigan. This bridge, however, is not safe enough for-

vehicles to cross over. It is made out _of ice.

With winters as fierce ’

as they are in northern Michigan, the grinding ice <ould possibly damage

a bridge. . - # &

The builders of the Tacoma Narrows Bridge would probably have
‘shuddered with fear if faced with building a bridge across the Straits
tf Mackinac. But tHe engineers in Michigan went ahead. They, decided
to Yuild :a suspension bridge. (This is a~bridge in which the roadway.
is/hung, or suspended, from great cables. The cables are support by

11 towers.)  The ,bridge would be five miles long, and the suspension
parts-would 'be the longest ever built. oo \

People also said a bridge would cost too muéh--one hundred million
dollars. How would the state pay for it?
be raised by selling bonds. he bond buyers would be paid back by all
who used the bridge.
crossed the bridge.

In order to build the, bridge, the engineers® determined 'that -
thirty-four underwater supports, called caissons, would have to be sunk
down through tHe water and mud to solid rock. Each had to be placed
within less than an inch*of the right spot. Otherwise the steel parts
being fMade elsewhere would not fit. The job would be tricky, but they
said y could do it. * . ' v

Cars, trucks, and buses would pay a toll when they

So, th y went to work. Partsvof the bridge were built in mills ang

shdbs all ac the country. The pieces, of the bridge were shipped to,
ther Straits ‘to be put together. They c¢ame on railroad cars, on barges

towed-by—tugs;, and on larde ships!: r . .

The caissons were put in' first. Next the stéel cable towers, tall
as fifty story buildings8, were built.. Then the two giant cable§ that
would support the road were spun. A total of 12,580 wires had tp be
squeezed into each round cable to.ma them strong enough. The cables
were put in place, huge steq; frames were hung from the cables, and the
roadway was-built. K ’

N . ]

Many people had compared the task of building a bridge across the
Straits of,Mackinac to the earliet¥ task of building the Tacoma Naq;ows
Bridge in Washington. The Thcoma Narrows Bridge was to stand only a
short time; "Big Macd” is yet strong and in continual use a full twenty
years after’'it was officiallz\opéned to traffic. ) *
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o « In the early 1940s, lots of tlme, effort, and money were 1nvested
’ ,to build bridge over a rather wide body of water near.Tacoma,
Washlngto - Many had claimed it would require a miracle for workers to
-, build a bridge across the Tacoma Narrows. They 8aid the job was too

. dangerous and would be too difficult. But workers went ahead. After .

years of difficulft struggle, the Brldge was actwally completed. But
sqQon the bridge collapsed. A strdng Tacoma Narrows Bridge could not
be built. Only a few years later a similar éffort was being considered

1nanerthern Michigan. Would this effort produce another Tacoma Narrows
Bridge? . ‘ ‘

@

. The bridge in Michjgan had to be built over a strlp of water that

wis bgth very deep and very wide. The strip of water,~ ¢alled the

Straits of Mackinac, separates Lake Michigan from Lake Huron and also
di'vides the state of Michigan into two parts. In some places ‘the water
‘'is almost 400 feet deep, and the two parts of the state lik almost four
miles apart: ,

. - . ’

«The winds )that blow through the*Straits are very, very strong. It
is not uncommon for wind speeds to reach 75 miles per hour, especially
. during the winter season. Many people said that no brldge would be
strong enough to withsfand the.strong winds’ -

v -

. Large waves were a concern to the bridge builders. When the winds
are blowing the strongest, the waves on the top of the water can be
bécome quite big. At one time %0 many boats were being damaged by the
waves that the United States Coast Guard was forced to forbid all
pleasure-boatlng on the Straits except when the water and the wind were

’ : both calm > .

During part of the year, winter builds its own brldge between the
two*parts of Michigan. This bridge, however, .is not’ safe enough for
vehi#les*to cross over. It is made out of ‘ice.  Withywinters as fierce
as they are 4n northern Michigan, the g/;ndlng ice colld possibly

. \ damage a bridge. . N

e s

The englneers assigned to study the possiblllty of building the

\ brldge décided they would build a suspension bridge. AThlS is a bridge

: in which the roadway is hung, or suspended, from great cables. The
cables are supported by tall towers.) The bridge would be five miles

ii; long, and the suspension parts would be the longest ever built.

>

People said a bridge would cost too much--one hundred mllllon
dollatrs. _ How would the state'pay for it? It was decided that money
: ' would be raiged by selling bonds. The bond buyers would be.paid, back
bﬁsill who used the bridge. Cars, trucks, and buses would pay 4 toll
_they crossed the _bridge. -° .

e
.

. . In oréLr to build the bridge, the engineers determined that thirty-
. four underwater supports, called caissons, would have to be sunk dbwir
] . through the water and mud to solid rock. Each had to be placqg within

. .I‘ less than an inch of the rlght spet. Otherwise-the steel.parts’ being
, made elsewhere would not fit, " The, job would be tricky, but, they said ’
PR they tould do it. s . (Lol
‘e " so they’went to work. Parts of the bridge were buxlt in millsgand
shops all, across the country. The pieces 'of the bridge were shipped to 3
- the Straits to be put together. They came on railroad cars, on barges
- - towed by tugs, and om large ships. * . -

The caissons were put in first. Next the steel ‘cable towers, talj
. as fifty story buildings, were built. Then the two giant cables that -
would support the road were spun. A tota® of 12,580 wires had to be
. squeezed into'each round cable to make them strong enough. Thes€ables v
. ’ yere put in place, huge ‘steel frames were hung from the cables, and the s
\ roadway was built. 5. .

On Laboxr Day, 1957, "Big Mac¢" wds officially opened to trafflc. ;

Q Today cars, trucks,-and buseg can cross i%e bridge in ten ﬁinutes
” [}
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Between the towns of Mackinaw City and St. Ignace in Michigan lies
a strip of water called the Straits of Mackinac. It separates Lake
Michigan from Lake Huron and also divides the state of Michigan into =~ ' -
two parts. In some glaces, the water is almost 400 feet deep, and the
two parts.of the stale lie almost four miles apart. , -

A major problem through therevis that the winds are very, very ° - .
strong. It is not uncommon for wind speeds to reach 75 miles per hour,’- -
especially during the winter season. Many people said that a bridge -

built across the Straits would .pot be str&hg enough to wighstand the
strong winds. o . o Y-
. . = . . .
. Large waves can also be a problem in the Straits of Mackinac.
When the winds are blowing the strongest, the waves on the top of the
water can become quite big. At one time so many boats were being .
‘damaged by the waves that the United States Coast Guard was forced to
forbid all pleasure-boating on the Straits except when the water and
the wind were both calm. e . ' ‘
4 . ’ »

In the early 1940s, lots of time, effort, and money were invested =
to build idge over a similar body of water near Tacoma, Washington.
Many had cjimed it would reguire a miracle for workers to build a
bridge across _the Tacoma Narrows. They said the job was too dangerous N
and would bg{fﬁo difficult, But workers went ahead. After years of
dif¥icult stfruggle, the bridge was actually completed. But soon the
bridge collapsed. A strong Tacomy Narrows Bridge could not be built.
Only a few years later a similar €ffort was being considered across the
Straits of Mackinac. W#ould this effort produce another Tacoma Narrows -
Bridge? - . P . _ -
. During part of the year, winter builds its own-bridge between the
two parts of Michigan. This bridge, however, is not safe enough for
vehicles to cross over. It is made out of ice. With winters as fierce
as they are in northern Michigan, the grinding ice could possibly damage
a bridge. o, . ¥ o

The engineers assigned to study the possibility of building the
bridge decided they would build a suspension bridge. (This is a bridge
in which the froadway is hung, or suspended, from great cables. The .
cables are supported by tall towers.) The bridge would be five miles
long, and the suspension parts would be the longest ever built. The *
builders of the Tacoma Narrows Bridge would probably have shuddered with .
fear if faced with building a bridge across the Straits of Mackinac. b '

o . @ '
! People also said a bridge would cost too much-zgne hundred million
dollars. How would the state pay for it? If was decided that money
would be raised by selling bonds. The bond buyers would be paid back %
by all who used the bridge. Cars, trucks, and Buses would pay a toll,
when they crossed the bridge. . .

L rl 4 4
n order to build the bridge, the ers determined-that
irty=fpour underwater supports called sons, would havé to be sunk

down thrdugh the water and mud to solid rock. Each had to’be placed
within legs than an inch of the right spof. Otherwise the sfeel parts
being made\elsewhere,would not fit. The ob would be tricky, but they ' .
said they cbuld. do it. “. A )

Many pedople had compared the task of buildimg a’'bridge across the
Straits of Mackinac to the earlier task of building the Tacoma Narrows . v
Bridge in Wathington. The Tacoma Narrows Bridge was to stand only a
short time; "Big Mac" is yet strong and in Gontinual use a full, twenty s
years after i\ was officially opened to traffic. ) ’

Parts of th& bri were built in mills and shops all across the . )
country. The piece he bridge were shipped to ‘the Straits to be »
put together. They came on railroad cars, on barges-towed by tugs, and
on lardge ships. . ) A .oN &

. The caissons were put in fixrst.” Next the steel cable towers, tall
as fifty story buildings,.yére built. Then the two'glant cables that
would support the road were spun. A total of 12,580 wirés had-to .be

sgueezed intc each Wpund cable to make thefn strong enough. The ¢ables - ’
were put-in place, huge steel framgds were hung from the cables, and :
the roadway was builg., L 57 ' t PR
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Between the towns of Mackinaw City and St. "Ignace in Mlchréan lies
a strip of water caIled*Ehe Straits of Mackinac. It separates Lake
Michigan from Lake Huron®and also divides the state of Mlchlgan into .
two parts. In some places the water is almost 4008 feet deep, and._the ™%

-

_two parts of the state lie almost four miles apart. .

.difficult struggle, the bridge was actually completed.

The winds through the Straits of Mackinac are very, very strong.
It is not uncommon for wind speeds t6 reach 75 miles per hour, espec1a11y
during the winter season. Many people said that a bridge built across
the Straits would not be strorg enough to withstand the strong winds.

Large waves can be a problem in the Straits of Mackinac. When the
winds are.blowing the strongest, ‘the waves on the top of the watér can
become quite big. At one time so many boats were being damaged by the
waves that the United States Coast Guard was forced to forbid all
pleasure—boatlng on the Straits except-when the watér and the wind

were both calm. o T

s / f . 4
. - .

In ‘the early 1940s, lots of timej effort, and money were invested
to build a btidge over a similar body of water near Tacoma, Washington.
Many had claimed it would require a miracle for workers to build a
bridge across the Tacoma Narrows. They said the job was too dangerous
and would be too difficult. But workers went ahead. After years of
But soon the
bridge collapsed. A strong Tacoma Narrows Bridge could nOt be built.
Only a few years later a srmllar effort was being considered acress the °
Straits of Mack;nac. Would this effort produce another Tacoma Narrows °
,Bridge? : - ’ N

-

During part of the year, winter builds its own bridge between the

C . ’ ;.55 4 -

two parts of Michigan.

This bridge, however, is not safe enough.for

' vehicles to cross over.

It is made out of ice.

With winters as fierce .

-

‘within less than an inch Of the right spok.
‘be'ing made elsewhere would not flt.

.and on largé ships.‘

“*as they are in northern Michigan, the grlndlng ice could posslbly

damage' a Q¢1dge

“

l

»

y - The englneers asgigned to study the possibility}of building the
brxdge decided they woyld build a suspension bridge. (This is a bridge
in which the roadway is hung, or suspended,’ from great cables. The
cables are supported by tall towers.)’” The bridge would be five miles
long, and the suspension parts would be the longest ever built.

5

People said a brldge would cost too much--one hundred million
dollars. How would the state pay for it? It was {ecided that money
would bt raised by selling bonds. The bond buyers would be paid ‘back
by all'who used the bridge. Cars, trucks, and buses would pay & toll
when they crossed the brldge. ’ 0 .

t ~

In order to bulld the Brldge, the englneers determrned*
thirty-four underwater supports, called caissons, would" have tb be sunk
down through the water and mud to solid rock. Each had to be placed
Otherwise the steel parts
The-job would be tricky, but they
said they could do it. .. o { e

Parts of the brldge were built in mills and shops all across the
country. The pieces of tHe bridge were shipped to.the Strai to be
put together. They came on railrpad:e@ars, on barges towed by tugs,

3

The caissons were put, in first. ©Next the steel. cable towers, tall
as fifty story. buildings were built., Then the two gfant cables that
would support the road were spun. A total'éf 12,580 wires had to be
squeezed into eagh round cable to make them sttong enough. The ~
cables were put in place, huge steel frames were hung from the cables,
and the’roadway was built. . T .

On Labor Day, 1957, ”Big Mac” was officially opened to traffic.
To@ay carst, trucks and buses can cross the bridge in ten minutes.
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In the early 1940s, lots of time, effort, and money were invested to-
build a bridge over a rather wide body of water near Tacoma, Washington.
‘Many had claimed it would require a miracle for workers to byila a bridge
across the Tacoma Narrows. They said the job was too dangerous and would
be toosd®fficult. But workers went ahead. After years of difficult
struggle, the¢ bridge was actually completed. But soon +he bridge collapsed.
A strong Tacoma Narrows Bridge could not be built., Only a few years later '
a similar effort was being considered in northern Michigan. Would this

M

‘Effort produce another Tacoma® Narrows Bridge?

per hour, specially during the cold winter season. Michigan's winters are g
" the fifth ldest of all states, with an average seasonal snowfall of 172
inches. Many people said thdt no bridge would be strong enough to - - ”

v f

.

a

A big problem %4n Michigan was that the bridge had to be built over .a
strip of water that is both very deep and very wide. The strip of water,
called the straits of Mackinac, Sseparates Lake Michigan from Lake Huron,
two of the-five Great Lakes, all of which are located on the northern border
of the continental United States. It also divides the state of Michigan .,
into two parts. These parts a§e called the Upper and Lower Peninsulas.

In some places, the water is almost 400 feet deep, and the two parts 5f
the state

, "Another big problem was that the winds that klow through the Straits
are very strong.” It is not uncommon for wind speeds t0 reach 75 miles

withstand the strong winds. ©

7

When the winds

-

Large waves were also a concern to the bridge builders.

‘are blowing the strongest, the waves on: the top of the water can become

quite big. At one time so many boats were being damaged by the waves that
the United States Coast Guard was forced t&:forbid all pleasure~boating on
‘the Straits except when the water and she wind were both calm.

Each day members of the "Coast Guard constantly monitor weather o
-conditions. They inform boaters whether or not it is safe to go out on
the Straits. . Weather forecasts and Coast Guard rgcommendatdions ar
announced over the radio every half houk. Different colored flagsgai
raised over the Coa%t Guard stations to 51gnal specific weather conditions

_ to the boaters. .

The builders of the Tacoma Narrows Bridge would probably.have
shuddered with fear if faced with building a bridge acrogs the Straits
of Mackinac. But the engineers in Michigan went ahead. They decided t
build a suspension bridge. (This is a bridge -in vhich «the roadway is hung,
or suspended, frgm great cables. The cables are supported by tall towers.)
The,bridge would be five miles long, and the suspension parts would be the
longest ever built . : .. '

Y. Rcad X

ie almost four miles apart. ~ R

’ <

People also said’a bridge would cost too much--one huhdged million ;

dollars., How would the* state pay for it?

be raised by, selling bonds.
used the bridge.
crossed the ridg

It was decided, that money would
The bond buyers$ would bé paid back by all who

Cars, trucks, and buses would pay a toll when they

¢

i order to bt

— '. 3

P

$

the bridge, the engineers determined that .
thirty-four undérwater supports, calléd caissons, would have to be sunk
down through the water and mud to solid rock. Each had to be placed
within less than an inch of the righi spot. Otherwise the steel parts
being made elsewhere would not fity ' The job would be tricky.

\ .
?

The builders went to work. Parts of the bridge were'built in mills
and shops all across the country. No stone or brick was to be used in
the bridge. Bridges of years ago were exclusively made of such materials.
The ‘pieces of the bridge were shipped to the Straits to be put together.

7

The cafssons ‘kre put in first Next the steel cable* towers, tall as
fifty story buildings werxe .built. ' Then the two giant cables.that would
support. the road were spun. A total of 12,580 wires had, to be squeezed into.
each round cable to make them strong enough. The cables were so strong they
could hold enougl two-ton trucks to make a line 150 miles long. The cables
were put in place, huge steel frames were hung from the cables, and the
roadway was built. .

N -

Many people had compared the task of building a bridge across the
Straits of Mackinac to the earlier task of building the Tacoma Narrows '

Bridge in Washington.
time; "Big Mac" is ye

after it was officialll

The Tacoma Narrows Bridge was to ‘'stand only a shor't
strong and in continual use a full twenty years .
1y opened to traffic. ESE; . y
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In the early 1940s, lots of time, effort, and money were invested
to build a bridge over a rather wide body of watgr near Tacoma, -
Washington. Many had claimed it would reguire a mlgdc;e for.workers to
build a bridge across ‘the Tacomagﬂﬁ¥égws They said the job was too -
dangerous and would be too difficul But workers went ahead. After
years of difficult struggle, the bridge was actually completed. But )
soon the bridge collapsed. A strong Tacoma Narrows Bridge could.not
be built. _Only a few years later a similar effomt was being considered
in northern Michigan. Would this effort prdduce another Tacoma Narrows
Bridge? . - ’ . .oL .
- ;‘
The bridge in. Mlchlgan had- tO\ge bullt over a strip of-water that?é
T

.

is both very deep and very wide. e strip of. water, called the Strai
of Mackinac, separates Lake Michigan® from Lake Buron, two of the five
Great*Lakes, all of which are located on the northern border of the /
continental United States. It also d1v1des the state of Michigan int
two parts. These parts are called the Uppér and Lower Peninsulas. Ig
some places thg water is almost 400 feet deep, and thé two parts ofythe
state lie almost four miles apart.
Ty , .

The winds, that blow through the Straits are very, very strong. It
is met uncommon for wind speeds to rgach 75 miles per. hour, especially.
during the cold winter season. Michigan's winters are the fifth coldest
of all states, with an average seasonal snowfall of 172 inches. Many .
people said fRat no brldgé would pe strong enough to withstand the
strong winds.

- P Na

5 5 .

Large waves wére a cohcern to the ‘bridge builders. When th winds
are blowing the strongest, the waves on the top of the water can become
quite big. At one time go many boats were being damaged by the waves
that the United States Cdast Guard.was forced to forbid all pleasure-
boating on the Straits except whem the water and the wind were both calm..

‘

* Each day members of the Coast Guard constantly monitor weather
conditions. They inform boaters whether or not it is safe to go out on’
the Straits. Weather forecasts and Coast Guard recommendations are )
announced over the radio every half holir. Different colored flags are
raised™over the Coast Guard «stations to 51gnal Specific .weather condi~
tions to the boaters, X . ., ~°

. -
%

* The engineers assigned to study the possibility of building the bridge
decided they would bulld a suspension bridge. (This is a bridge in which
the roadway is hung, or suspended, from great tables. The cables are
supported by tall towers.) The bridge would be five miles long, and the
suspen51on parts would be the longest ever built. .

People said a bridge would cost too much--one hundred million dollars.
How would the state pay for it? It was decided that money would be raised
by selling bonds. The bond buyers would be paid back by all-who used the
bridge. Cars, trucks, and buses wduld pay a toll when they crossed the
bridge. : C ° .

In brder to build the bridge, the engineers detérmined that °
thirty~-four underwater supports, called caissons, would haye to be sumk .
down.through the water and mud to solid’ rock. Each had to be placed within

_less than an inch of the right spot Otherwise the steel parts being made

elsewhere would not fit. The job would‘be trlcky .
THe builders went to work. Parts of the bridge‘were built in m@lls
and shops all acrogs the country. No<Stone or brjck was to be used in
tha bridge. Bridges of years ago were exclusively made of such maj#rials.
The pieces of the bridge were shipped to the Straits to be put together.
~The caissons were put in first. Next the steel cable towers, tall as
fifty story buildings, were built. Then the two giant cables that would
into each round-cable to make them strong enough. The cables were Wb
strong they could hold enough two-ton trucks to make a2 line 150 mileg long.
The cables were put in place, huge steel frames were hung from thg cables,
and the roadway was built. \h,» s — fj

On Labor Day, 1957, "Big Hac was officially’ opened to traffic. (;()
Today cars, trucks, and buses tan cross’the Bridge ih ten ‘minutes.
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Between the towns of Mackinaw City and St. Ignace in Michigan lies
a strip of water called the Straits of Mackinac. It separates Lake
Michigan from Lake-Huron, two of the\five Great Lakes, all of which are
located on the northern border of the~eontfnental United States, It also
divides the state of Michigan into two parts. These parts are called the
Upper and lower Peninsulas. In some places the water is almost 400 feet
deep, and the two parts of the gtate’'lie almost four miles apart.

A major pro;%gh through there is that the w1qu ‘are very, very strong.
It is not uncommon for wind speeds to ‘reach 75 mlkes per hour, especially
doring the cold winter season. Michigan's winters are the fifth coldest
of all states, with an average seasonal snowfall oﬁ “172 inches. Many people
said that a bridge built across the Straits would not be strong enough to
w1thstand the strong winds. . ) Y

Large waves can also be a problem in the Str31ts of Mackinac, When
the winds are blowing the strongest, the waves on the top of the water can
become quite big. At one time so many boats were being damaged by the
waves that the United States Coast Guard was -forced to forbid all pleasure-
boat1ng on the Straits except when the water and the wind were both calm.

Each day members of the Coast Guard constantly monitor ‘weather |
conditions. They inform boaters whether gr not it is safe to go out on
tﬁ@'stra;ts. ‘Wéather ‘forecasts afid Coast“Guard redoimendations are’
announced over the radio every half hour. Different colored flags are " -
raised 6ver the,Coast Guard stations to signal specific weather.cqeditions

to the boaters. (LY *y

. In the e}rly 1940s, lots” of time, effort, and money were vested to
build a bridge over a similar body of water jpear Tacoma, Washington. Many,
had claimed it would require a miracle for workers to build a bridge across
the Tacoma Narrows. They said the job was too dangerous and wQuld be too

difficult. But workers went ahead. After years of difficult struggle, s
the.bridge was actually completed. But soon the bridge collapsed. '
strong Tacoma Narrows Bridge could not be built. Only a few years Iater 5
a similar effort was being considgred across the Straits of Mackinac.

Would this effort produce another Tacoma Narrows Bridge? . ’

The engineers assigned to study the 81bility of bu1lding the
bridge decided they would build a suspension hgidge. (Thi's is a bridge in
which the roadway is hung, or suspended, A£from great cables. The cables
are supported by tall towers.) The bridge would be five mileg long, and
the suspension parts would be the longest ever built. The builders of
the Tacoma Narrows Bridge would praobably have shuddered with fear if faced
with building a bridge.across the Straits of Mackinac.

People also said a bridge would cost too much--one hundred millior
dollars. How would the state pay for it? It was decided that money would
be raised By selling bonds. The bond buyers would be paid back by all -
who used the bridge. Cars, trucks, and buses would pay a toll when they~
crossed the brldg S -

! e, the eng1neers determined that
‘supports, € caissons} would have to be sunk
down through the water and mud o’solid T Each had to be placed

In ordexr to nu11

. within less than an.inch of the¢ right spot. Otherwise the steel parts

being made elgewhere wfuld not/-fit. The job would be tricky.

Many people had compared the task of building a bridge across, the
Straits of Mackinac to the earlier task of building the Tacoma Narrows
Brldge in Washlngton. ‘The Tacoma Narrows Bridge was to stand only a short
time; "Big Mac” is yet sfrong and in continual use .a full twenty years
after it was officially openedvto traffic, .

Parts of the bridge were built in mills ‘and shops all 3cross the
country. No stone.or brick was to be used in the bridge. Bridges of years
ago were exclusively madeiof such materials. The pieces of the bridge
were shipped to the Straits to be put together. )

Thescaissons were put in first. Next the steel cable towers, tall
as fifty 3tory buildings, were built. Then.the two giant cables that '
would support the road were spun. A total of 12,580 wires had to be
ggueezed into each round cable to make them strong énough. The cables
were 80 strong they could hold enough two-ton trucks to make a2 line 150
miles long. The tables were put in plgce, huge steel frames were hung
from the cables, and the roadway was built.. (;]-

’ -
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Between the towns of Mackinaw City and St. Ignace in Michigan lies i
a strip of water called the Straits of Mackinac. It separates Lake |
Michigan from Lake Huronp,, two of the five Great Lakes, all of ‘which are
located’ on the northern border of the continéntal United.States.—-It
o, also divides the state of Michigan into two parts. These parts are called
the Upper and Lower Peninsulas. In .some places .the water is almost 400 .
. feet deep, and the two parts of the state lie almost four miles apart. , .

The winds that blow through the Stralts are very, very strong. It " ST
.is not uncommon for wind speeds to reach 75 miles per ho r, especially )
" during thé cold winter season. Michigan's winters areééﬁe fifth coldest
of all states, with an. average seasonal snowfall of 172 incheés. Many

. people said that a bridge built across the Straits would not be strong
. enough to withstand the strong wirds.

i

Large waves can be a problem in the Straits of Macklnac. "When the . i
winds are blowing the strongest, the waves on the top of the water can

betome quite big. At one time so many boats were being damaged by the

waves that the United States Coast Gudrd was forced to forbid all”

pleastire-boating on the Straits except when the water and the.wind were .
both calm. .

PO i Each day members of the Coast Gu grd coqgtantly,monltor weather 12'

conditions. » They 'inform boaters whether or not it-is safe to go out on,
the Straits. Weather forecasts and Coast Guard recommendations are
announced over the radio every half hour. Different colored flags are-
raised over the Coast Guard stations to signalX spec1f1c veather conditions
to the boaters.
In the early 1940s, lots of, time, effort, and money were invested
to build a bridge over a similar body of .water near Tacoma, Washington.
Many had claimed it would require a miracle for workers te build a .bridge
K ’ across the Tacoma Narrows. They said the job was too dangerous and
would be too difficult. But workers went ahead. After years of difficult,
struggle, the bridge was actually completed~ But soon the hridge collapsed.
» A strong Tacoma Narrows Bridge could not be built. Only a few years
later a similar effort was being considered across the Straits of;Macklnac.
. Would this effort produce another Tacoma Narrows Br1dge?

s

}
. - )
The éngineers assigned to study the p0351b111ty of building the - 54 . -~
bridde decide® they would build a suspension bridge. (This is @ bridge’ |
N in which the roadway is hung, or suspended from ‘great cables., The cables
. . are supported,by tall towers.) The bridge would be five miles long, and = L
. - the suspension parts would be the longest ever built.

. -
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- ﬁeople said a. bridge would cost too much——one hundred m11i1on -
g L0 dollars. How would the state-pay for it? It was decided that money .

‘ ~,would be raised by selling bonds. The bond buyers would be paid back .

by all who used the bridge. Cars, trucks, and buses would pay a toll .
when they crossed the bridge.~

< o >
B N .

In order to build the bridge, the engineers determined that T
thirty-four underwater supports, called caissons, would have to be sunk "™ ¢ »
° down through the water an ud to solid rock. Each had to be placed { Y
within less than an inch of the right spot. Otherwise the steel parts . \G
being made elsewhere would not fit. The job would be tricky- A e € )
\ ,
. Parts ,0f the br1dge were ‘built in mllls and shops all across the E
country. No stone:or brick was to be used in the bridge. Bridges of " ‘
years ago, were exclusively made of such materials. The pieces of the, \
bridge were shipped to the Straits to be put together. . "
The caissons were“put in first.. Next the steel cable towers, tall 4
as fifty story buildings, were built. Then the two giant cables that
would support the road were spun. A, total of 12,580 w1res’had to be §
* squeezed into each round ‘cable to make them strong enough. The cables
s wexe 80 strong they could hold enough two-ton trucks to make a line 150 d
miles, long. The cables were put“in place, huge steel frames were hung \
from the cables, and the foadway was built. :

’

-

»
t B
A o - “ i

: On Labor Day, 1957, "Big Mac" was off1c1a11y opened to traffic. 3
ERIC ,Today cars, trucks, and buses cz? cross the bridge in ten minutes. !
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