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© a great deal of classroom instruction still centers on the printed text- .

g o

“ ot

T *©  ABSTRACT v

AN INVESTIGATION OF THE EFFECTS OF CONCEPTUALLY INTEGRATED IMAGES

A\ 4
. .. ON PROSE COMPREHENSION

L IN HIGH AND LOW ﬂzm KNOWLEDGE ADULTS
‘ S .J. M. PICARD ,

' 19 1
Despite the recent proliferation of electronic media in gducation, ‘
r

book. It is debatable, however, whether the copious amount of illustrat-

i
+*

ions found in textbooks dire¢tly contributes to greater learning and memory.’
This Study examined the effects of two pictorial adjuncts on the learning

of prose text. Additi‘onally, the interaction between.,prior knowledge and

. P
_the learning of illustrated and non-illustrated text were also examined.

The subjects were 43 geography students (high‘prior knowledge) and 45

management students (low prior kn'owiedge) , who were randomly as$signed to
h YN ' X » .
one of three experimental conditions: print alone; print + gmbedded pictures; -

!

print + adjacent picture. Following the treatments, all subjects were
administered a free-recall and multiple-choice posttest. Two.weeks later,

subjects were retested with identical posttests.

e >
L e

A two-'way‘\analysis of variance ong\the‘multipl‘e-choice depéndent -
- L7
measures ylelded no significant interactions between picture treatments and N
prior knowledge. Repeated measure analysis of variance on the free-recall - 5

dependent measures also revealed no interactions. There were, however , two
main effects f\c').r treatment and‘prior knowledge.

' Results from the study suggest that embedded pictures were more ‘
effecti\:e than ﬁrose alone or the adjacent pictorial adjunct on learning.
In addition, embedded.pictures facilitated leamning for both high and low
prior knowledge leatners. Embedded pictures. may have provided a more

efficient schema evokiné context for processing and retaining the passage

content.
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. i Introduction'
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At »
Textbooks. : ' . ’ Lot

_ In the 1ast ten years, an interest in studying pro esses which
enhance prose learnlng has been growmg among educational /technologlsts
"[he current popularity of prose enhancing techniques (e.g/., advance
organizers questioning strategies etc.) may be partly explained by . ‘
dlmlnlshlng financial resources available to educatdrs Consequently,

there has been a grwmg concern for updating and improving existing

resources which will increase leaming without proportionately in-

creasing cost. Textboo§s and other printed 1nsn:ruct10na1 materials still
remain an importa;qt source of learning. As an 1nstruct10nal medium,

tg’)&tbooks are able to i:ax;z'y both verbal and visual information. Addi-.

tionally, the quantity of information which is processed from text

is left largely up. to the learnery, therefore one might say that text-

/
books prov ide self-paced instruction. /
' 14

Given that textbooks play an important role in instruction, it
is 'of paramount importance that greater care and attention be placed
on the design of text. /According to Reigeluth and Sari (1980),
producing quality textbooks is a fundamental consideration since the
quality of text and‘other print materials has a far reaching impact
on the appeal, effectiveness and efficiency of education. Whether: v
this impact has a positive or negative effect depends iargely on the
abiiity of instructional. designe?s to adopt, modify and re-examine
adjunct aids in order to determine t}'xeir relevancy in the learning

process. One instructional adjunct which is currently attracting

o -
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/ attention is the use of illustrations.

. f
The Attentional Role ‘of Illustrations : \

- . . ~

The inclusion of illustrations and other graphic meages in
prose is an instructipgnal practice with which almost all learners and
instructional designers are familiar. The practice of using pictures

to illustrate text goes as far back as the early fifteenth ’centﬁry.

For example, in Europe during 1472, Valturius used printed pictures

from woodguts to illustrate his 'Art of Wat:' which'dedlt with the
“building and operation of various war machines (0l€dn, 1974).

Today nearly all instructional textbooks used in education are
noted for their. frequent use of illustrated material. Despite? the

longstanding popularity of pictures as adjuncts to printed text, it

remains unclear whether pictures contribute anything other th

\

'package appeal' to learning. The argument for pictures as otivational

aids or’'as agents in influgncing attitudes has, been noted by Samuels
(1970) and Vernon (1953). Concamnon (1975) points out that jthe
attentional role of illustrations is readily acknowledged for younger

learners, but she speculates as to whether pictures are j

at a later age. The ‘main consensus of studies by Vemorﬁi '
by Concannon, was that pictures do heighten interest in
t?eing stu'died, but are of queétiopable u‘se as memory or ?mprehension
aids. A similar argumgnt was raised by Baker § Popham (f1965) i;l a

study involvi}lg older leainex"'s\ . Humorous carteons were/ used to il‘lus-
trate a slide tape programme intended for teaching-education students
about behavioral objectives. The results showed that/ the students who

viewed the embellished programme were more favorably disposed towards

the ‘subject matter.” However, as predicted, these gtudents performed

. z
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'The Role of Illustrations in Learning

‘reme‘mb_ering the prose. Duchastel (Note 1) offers some empirical

. A ' 3
v
.
4 v’ — L) "

no better on their knowledge of behavioral objectives than'the control
” B . - , A /’ = . ’ .
group. The authors Eoncluded ‘that illustratioe did improve’ attitudes

and motivation; however they questloned whether this advantage

.

Justlfled the added cost.
Tncluding illustrations and graphic images as prose adjuncts
adds substantially to the cost of instructional texts. Wlth cost-

effectlveness as an important crlterlon in media selection’ (Jonassen,

1980), it is obvious that aside from their motivational and attentional
. \

- roles, pictures must assume more of a cognitive burden in the learning

Qroé,eés .

In an attempt to clarify the role of pictures included in
textual matexl'ials ; Duchastel (1”978., 1980) has argued for a functional
approach to defining picture-prose r‘elationshdps. He cites three roles
of illustrations dn-text; attentional, explicative and retentional.

Discussed earlier, illustrations fulfilling an attentional role moti- 2

" vate the learmer by attracting and sustaining interest. Of part_ic{llar

inqiértanée to instructional designers however, are the explicativeyand

rétentional Toles qf illustrations. The primary function of the =~
explicative role is to explain abstrdct verbal information in pitctorial
foﬁﬁ. Therefore explicative images should fac111tate the comprehension

of, prosL text. Illustrations fulfilling a retentlonal role assist in,

1Y

the long term retention of verbal 1nformation by providlng the learner

-

w1th a conceptual plan. of the main points of the subject matter.

Actordlngly, these main pomts are more easily retneved from memory
§
at the time of recall since remenbermé%e picture provides cues to

4

3



.pi;tures function%s reteﬂtioqal aids, they may also have functioned

‘a motivational rol€ in learning, then this facilitative effect of

| (e

« . - 3 L

- evidence to support the long-term benefits associated with retentional

-

’ *
images. Using an illustrated versus non-illustrated history passage,

fifteen year-olds were tested immediately after reading a passage, and
two weeks later. As predicted, there were no differences on.the
immediate test. However, two weeks later, there were significant

differences on the cued free recall test. Not only did the pictures

“facilitate the leamning of 'illustrated' passage content, but it was
g passag

found that the- reteqtior)\al images also improved the learning of non-

: A ! ‘
illustrated verbal material. Duchastel explained that although the -

as motivational aids. This supports the notion that the three picture
functions are not mutually exclusive and perhaps there is more to a

A

given illustration than meets the eye.

.

*»  In conclusion, if illustrations are dble to provide more than.

pictures on learning warrants a c¢loser examination. It would be .
unfortunate to dlscard such an 1ntu1t1ve1y obv1ous 1nstruct10na1 aid
to learning, particularly 1f plctures are able t5 fac111tate 1ong term

retention 9f prose. ' «

Pictures and Retention of Prose

While p]'icture studies have not typically addressed the issue

of long term retention,' there are a few studies which have sfiown that

'

pictures in text can facilitate long-term memory of prose content
(Haring § Fry, 1979). Peeck (1974) is often credited for his insight

in studying thewretenti_ve effects of pictures over time. It would.

-«

- seem that memory performance is better with pictures than with thelr

verbal cglmterparts espec:.alli' when retention 1s measured at delayed

. N .
B
A / 13 H
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Hypothesis (Paiwio, 1971).

»

[

intervals. Support for such a view is based on Paivio's Dual—Coding
Paivio considers cognitive processing to

consist of two-distinct but intercomnected verbal and imaginal systems.

i

Pictures are typically coded in mgpor)} both verbally .and imaginally,

whereas abstract words are coded-only verbally. Since there is a

redundancy of vistal and.verbal coding, pictorial information is

remembered better (i.e. it is more easily ‘retrieved from long-term

memory) .

)

In a recent study, Bernard, Peterson and Ally (1981) found

no immediate effect with a verbal and pictorial organlzer versus ne
/

organizer, but on a delayed\test (two weeks later) differences were ”

. this stuciy support the &urability of pictorial supports in long-terns'

€

o
found between the organizers and the control groups. The results of &

™y

MEmoTy . . .

In conclusion, while a considerable amount of picture research.
. B

* . exists, those studies which have addressed the enduring qualities of

L4
plctorlal Supports have been the exception rather than the rule. There-

’

fore, the current study examlned the retentional effects of images over

N e

two time-intervals.

.

Pictures in Research ' ' .

“e-~  There is still inconclusive support for illustrations as adjunct

i)
aids in facilitating prose comprehensmn and memory .
b

stems from the wide dlver51tv of plctures as research variables which differ

/

along many dimensions ifcludifg size, artwork and pictorial nicontent
. yd > !

Part of the problem

- . . J—

(Willows, Note 2). The;e’fore it is not furprising that over the years,

picture research has been in such a confused state that few guidelines

P r ’ -
are available to the instructional designer. Consequently, there is the




. Frequently, research designs employ a comparison between a treatment

danger that the selection and design of pictorial aids will be left

largely to the intuitive whims of the .graphic artist (Duchastel, 1978).

L4

For example, commercial textbooks aimed at children are noted
for their plethora of brightly coloured and complexly desighed pictures.

Although a study by l-Vlyatt and Carter (1979) \has shown that readers

\ —
prefer colourful realistic pictorigl embellisl;lments', Dwyer (1978) has
* ‘ ) : \\ ‘ '
also pointed out that picture preference is no‘?\a valid indicator of

better learning gains. Indeed, ghere is some research evidence support-
ing the facilitative effects of visually sparse line drawings (Haring and
Fry, 1579,). Yet in examining the us_.le\of line dra;wings as rese:ltrchu .
variables, ‘Poth Brody (1981) and Willows (Note 2) have cri'iic/:ized the
simplicity of these illustra;ions and their overuse. ’ Bro'dy (1981) has
argued that ‘_in order for picture research to be ;neaning‘fl;l, and there- .

L3

fore relevant to the instructional designer, it should more closely

e

reflect the complex visual arrays typically .found in textbooks.

s Other common research methodologies are also of interest.

group which receives illustrated passage,- and a group which receives

a non-illustrated passage. The employment of the picture/no-picture
a

paradigm results in a tendency to treat illustrations as composite

wholes (Brody, 1981). However, pictures are also composed of various

elements which should be isolated and compared in order to better determine

* the relationships which might exist between the images and the text.

Denburg (1976-1977) insightfully points out that it is not enough to

know that illustrations enhance learning; of greater importance is how

Allustrations play a role in providing .greater learning gains and why

. this occurs.

Another concern with studies which have addressed the relation-

~
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ing to Salomon (1979) studying small segments of dlscourse requlres far |

‘."5\ .

IR
i} . .

_ ship between picture types are the quantitative differences in semantic ™

content contained in the i&l,ustrétions. Brody and Legenza (1980) for
example, investigated the influence of two types of pict{n'es and their
location on prose learning. The authors concluded that‘althé)ugh' picture
type was not significant, one of the pictures, an overview, provided

/

greater learning gains than the illustration which: depicted a specific
scene from the passage. It ;eems plaus,ib}e to suggest that giVen the -
greater amount of semantic content contained in the overview, it is
surprising that this picture treatment did not perform differently than
the ho-picture condition. Therefore, if comparisons are to be made,
between vari:)us types of ilfustrations, care should be taken to to in-
clude the same amount of information in each’ picture treatment.

o

A final characteristic of many verbal learning stuc%ies is the
\ \ N

inappropriate passage lengths which are employed (Brody, 19§,1). Acco‘rd-‘

less mental elaborat] on tha.n the comprehensmn of a two thousand word
text, all othdr thirfgs being equal. Therefore, generalizations between

a two hundred word verbal treatment and a passage of the length _’typically
employed in educational practice cax\l only be tenuous at best.

The study reported here was designed to address the r‘etentional
function of images-as outlined by Duchastel (1980). In addition, Brody's
(1981) asse;rtién for more complex visyal arrays and longer prose passage
were addressed in the design of the prose and pictorial materials. Brody
has argued that pictures should not be treated as isolated variab”les-,
therefore, the present study was designed to explore further the relation-

-

ships between two pictorial adjﬂmcts on prose learning. L e

- £



Organization_ in Learning - W"f

e effective use of summaries and outlines has been established )
b} several iny{stigators (Glynn § DiVesta, 1977; "Hartley § Truéman, ,i981).
Outlines, for example function-as: organizational adjuncts by providing
a preview of the passage content anc.} informing the learner as to the
nature and tlle sequence of thakcontént (Sfaley & Wolfu;' Note 3).

Accordiné to Shimmerlik (1@78) the primary role of‘ organization
in{memory is that it provides the learn\e; with an intact retrieval schema.
, Schema is’defined by Kintsch (1977) aé;éénsiéting of an orga'.niZed
\‘representation of an individuals' knowledge concerning a concept, action
or event. This retrieval schema is formed during the enéoding process
and conststs of associated units or chunks of information. During recall,
retrieval, cues from the schema activate other relevant cues theréby
facilitating recall of more specif}\c\ passage related information.:

While an impressive body of organizationgl research exists (see
Shimmerlik , 1978), Staley 8 Wolf (Note 3) point out that this research
has been primarily concerned with either varying the organizational
structure of passage coﬁtent/_p mariipula;ing the learners' knéwledge of
the content (typically by'E :ra;rying the location of organizational aids).
To date, there is little research’ which has examined the relatic;nship
between the organization of illus\trated “concepts on the learning of prose
(Stone, Pine, Breger & Glock, Note 4). The organization of pictorial.
adjuncts is an important vafiable to consider in picture—p&ose research..
This is in keeping withwbﬂye‘rs' (1978) suggestion that more research is

. " \ .
needed in order to determine what combinations of visuals are most

effective in prose learning.
\

"

-
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Individual Djfferences
Individual differénces in prior knowledge have been found to

# e '
affe¢t how learners profit from different types of visuals while

/
learning. For éxample, Dwyer (1975) found that while realistic coloured
" photographs facilitated leaming and comprehension in high prior know-
ledge subjects, tho\s.e in 'midd_le and low prior ’knowledge groups did cone-
sidex_*ably worse. |
While researchers generally agree that factors other than éolour
infll‘lence learning (Fleming, 1979), few studies to *dat‘e (i.e. Weis/berg,
.1-9703 have examined the role that prior knowledge plays in picture-prose
learning. While there has been a growing concern for individual
differences in‘ learning (c.f. Cronbach & Snow, 1977) the status of ptior
knowledge has assumed an‘a_ncillléry role in research; a factor to be
controlled, rather thamr as a'pqrtinent variable in its own right (Schmid,
1977). Recently, 'Reder (1980) in éxamining thé. use of verbal adjuncts

&

in prose leaming has stated:

\

!'The apparent inconsistency in results among some of this ’
reseatch probably stems from our inadéquate understanding
of the structure of passages, how content is represented
and how it is processed and integrated, wit}:é\)rior knowledge'

- , (p.11).

- In conclusion, sincie\prior knowledge plays such an imp'ortartt‘
role in prose procesé?r?if“’émd considering the negligible tre.;tment of
prior knowledge in picture research, the present study wa§ designed to ’

explore further the relationship between prior knowledge and the use of
pictorial adjuncts.

.
/ .
.

/

‘Statement of the Problém : ‘

For the purposes of this study, three questions related.to the

implications of pictures in instructional text®were ppsed: ®

- 4
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What effect does the organization ef pictorial adjuncts have
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on memory and comprehension?

What ro}e does prior knowledge play in learning from illus-

trated and non-illustrated ‘text?. o

What effect will pictures have on memorf over time?
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Chapter 2

Literature Review

Early Picture Research
To date, research examining the effects of pictures on reading

has been far more extensive in respect to childrjn thah it hés been with
older leamers. Such studies have frequentlj’?éported contradictory
results. Along lwith studies that have shown a facilitative effect on
learning (i.e. Peeck, 1974; Rohwer § Har}'is, 1975; Haring § Fry, .1979)
there are many‘others which have not (i.e. Vemnon, 1953; Weintraub, 1960;
Gellner, Note (5). Part of the confusion surrounding pictorial effective-
ness stems from early picture research. The most frequent question asked
In early, reéearch,’ (1930's - .1960'5) was whether the pictures foundvin -
basal readers enhanced or interfered with childrens' comprehension of
wprose. Several examples are cited below along with their findings. Miller
{1938) reported no differences in childrens’ comprehensic;n scores bétween
, an illu.strated basal primer and a nonjillustrated primer. Vernon (1953,
\1\954j in a series of experime'nts found that illustrated text did no

r

. F /.
bétter in improving childrens'comprehension that non-illustrated text.

R Weintraub (1960) examined the effects of il]%ﬁétrated basatl i

.reaciérs on children ofnhigh and low }[eading ability. He, found that compfe-
hensi0{1 was greater for low ability students who did not .receive pictures.
Weintra\t:\b‘s findings that pictures might interfere with leaming for low
ability \:\hildren was also supported in a stu&y by Samuels (1967). In his
conclttdin\\g\ remafks, Samuels (1967) questiéned the instructional value of
including 1 lustrations in reading primers,. ‘Later, in a review of the
1it;(&tgxej amuels (1970) con‘cluded‘that when used as adj{mcts to text,

pictures not Bply interfered with learning to read, they also had no
Y



s | .
- effect on comprehension.

/
i

There is, however, some doubt as to the rigorousness of these -

-

- early studies, some of which were included in Samuel's review. Fox

éxample, Holliday (1973) questioned the validity of \Velmon's (i953)
results based on, the authors methodology and-the vague descriptions of
the plctb‘i'lal stunull used in Vemnon's study. ‘Denburg (197<—\S\)77j has
cr1t1c1zed Samuels (1967) for not allowing the children in the ‘Plcture
group enough time to take advantage of the pictures. Therefore the
design might have favored a no-difference finding. .

 Schallert (1980) has argued that the types of illustrations used
in some of the early basal studies were not originally intended to fulfil
a r’etentionall or explicative role in learning. Therefore, it is not

too surprising that pictures showed no facilitative effects on comprehension.
Based upon current conceptualizations, it appears that Samuel's
(1970) conclusions were somewhat premature. More recently, Levin §

Lesgold (1978) have asserted that !...there is solid evidence that pictures _

" facilitate prose learning' (p. 233). In providing evidence for this, .

L

the authors found consistent learning gains attributabie to pictures
as long as prose passages were presented oraU\y; passages were fictional
narratives; pictures overlapped the story contént; and learning was
demons trated by factual recail. |

Whlle these gu1de11nes are invaluable ‘in prov1d1ng an analytical

framework for research, they are rather 11m1ted in applicability for the

. instructional designer. For one thing, instruction and communication aimed

at children and older learners is largely based on the language of forma- .
lized written prose (Olson, 1977). Often, instructional prose is non-
fictional rather than fictional, and written in an expository form. Unlike.

the passages described by Levin § Lesgold (1978), such materials may be

o
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relatively abstract in nature and may have a high information density.

[y

Furthermore, factual recall assesses only one level of learning; students

-

in a"r‘{‘instructionél situation are, often expected to achieve higher

1;e_aming outcomes. . ‘
Tﬁerefore, the-evidence supporting picni{es in prose which

currently exists still lacks specific guidelines and principles

(Dwyer, 1§78'.;"'E1eming,r i979), particularly as it applies to more mature

learners. As for thg contribution of levin and Lesgolds's ‘(1978) ground -

rules, even they admitted that due to age - related differences in

- ™

cognitive development, pictorial strategies which are effective for

* children cannot necessarily be geﬁeralized to adults.

Picture Processing | A
e . { .
In early pictorial research, pictures were often used as stimulus

items in paired-associate learning. Numerous studies demonstrated

- that visual stimuli were superior to verbal stimuli when subjects were

tested for recognition (Shepard, 1967; Snodgrass, Volyovitz and Walf)ish,
1972). Standing, Conezio and Haber (1970) ‘found'that sul?jects were able
to correctly identify roughly 85 to 95 percent of 2,560 slides which
weTe presented to subjects over a four day period.

These impressive results associated with visual memory spurred a

 resurgence of interest in non-verbal memory processing (Levie, 1973).

Research on the independence of verbal and pictorial memory in adults was -
addressed by levie and levie (1975). They found that verbal and pictorial
information was processed independently in memory with the results

0

favoring picture memory when subjects were tested for both recognition

and free-recall. Moreover, it was discovered that if memory tasks required

a verbal respcnsé , then subjects had a tendency to covertly label the

2
&
*

—
T.
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pictorial information verbally.  levie and ‘[evie concluded“‘;hat verbal
and piectorial information were processed independently in memory when
subjects were tested for recognition. In addition,' the verbal and
pictorial x’ner;mry systems we;;e highly interconnected particulérly when
subjects aiitic\:ip.ated that a[‘.veri?a']_. response was réquired. These con-
clusions provide support for the Dual Codiné Hypothesis' (Paivio, 1971)
suggesting that informati'on is processed by two separate imaginai and
verbal m&lpry: systems. Both systems are functi:onally. independent i.e.,

.either system is specialized for processing certain types ‘of information,

anq both are interconnected such that either can operate in conjunction
. . . ‘.
. ki

with one another.

As predicted by tile dual coding model, pictures are more easily '
remembered than concrete wor‘ds, whereas concre.te words are b'et‘ter
retained than abstract words. This rationale is based on the assumption
that concrete words can be measured for their power of evoking a cor-
responding mental image of the word. .If the learner is able to generate
his or her own mental image while réading, then the verbal information is
processed in both imaginal-and verbal memory. This suggests that concrete
prose might not benefit. from the inclusion of ready-made, illustrations
(Rbyer and Cable, 1976) since learners may be able to covertly generate
thgir own internal representation of the content. If on“the other hand,
the prose does not provide concrete referents or if ‘for some other Teason
the ieamer cannot generate a mental picture, pictures may effectively
suppla.n"c that deficit (Salomon, .1974, 1979). In addition, pictures may
arouse mathemagenic activity (Rothkoph, 1970) in the leamgr. The *following

selection from Salomon (1974) specifies how that might occur: -

'First, they [media] arouse certain general attentional processes.
Without. the arousal of attention and some mathemagenic responses,

no effective commmnication can take place at all...particular

&

&
»
)

'
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modes of presentation arouse typical mental processes such as
comparisons, analysis relating, and the like. The activatibn
of such processes’ facilitates the extraction of the intended
messages' (p. 401). o S -

Second, pictorial media with its'variety oif ‘symbolic: codes may activate
various kinds of mediational activity. For instance, the symbolic
codes emplbyed by maps, photographs and Knowlton's (1966) logical
pictures such as diagrams may also actilvate or supplant deficient mental

skills in the leamer (Levie, 1978). For example, if the learner is

4

unable to generate an, internal visual representatioﬁ of a concept

f ¥

(thereby ensuring a better memory trace), then a ready-made picture
might provide an intemal elaboration and ‘make it easier for the learner
to process the information. According to Salomon (1972) a su})planting
function is a covert cognitive process which may be assimulated into
the-learners' schema. As a result, the learners' schema is either

r .
modified, or through the supplanting funétion, supplied with a new

schema.
Accordingly, it was assumed that the two picture treatments used

in the current study would facilitate a supplanting function in tearners
. - « 1

-

4
who lack the necessary cognitive structure. This assumption will be
dealt with in.more detail in the section on prior knowledge.

7

- Picture Placement >

It has become increasingly obvious in prose learning that the

8

4
location of verbal adjimcts i.e. adjunct questions (Watts § Andetson, 1974),

Lal

advance organizers (Ausubel, 1960),‘out2[ines (Glymn § D1Vesta 1977),
in relation to the instructional prose plays an important ‘role in learning
and the cognition strategles the - student makes use of during learning.
Rothkoph (1970) for instance, found that post questions produced a greater

overall effect on' learning than questions which were presenied before the
2
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relevant prose. Pictures as adjuncts may also ‘have a similar effect on

learning. For example, Snowman and Cunningham (1975) had colleée étudents

read a lengthy passage which contained either questions, or student
generated pictures, and questions plus"piétures before and after each °

paragraph. Results indicated that student-generated pictures were equally .

effective in facilitating‘ learning as the verbal questions in the post-

.passage condition. The location of pictures and picture types were

also examined in a later study by Brody and Legenza' (1980). .In this

~ study, experimenter-provided pictures were placed before or after a prose

Ve

passage. Two types of pictures were used. One picture provided a broad
overview of the verbal content (a market square), while the second

picture depicted.a specific incident which occured in the passage (a

e s

snake charr‘ner). The results favored the post picture location, similar.
to those in Snowman ‘and Cunningham's stljdy [197.’-‘;) .

While mathamagenic applications within the picture prose litera-
ture‘ have generally favored pest-passage placement, bther studies have
reborted facilitative effects when the picture is placed in advance of

the passage.. The assumption of these studies is that pigtures can provide -

contextual support for the passage in learners.who do not possess requis‘ite

prior knowledge. A recent étgdy by Beﬁard, Peterson & Ally (19551) =
compared the effects of verbal and pictoriai‘contextual orgahizers on
meméry for passage‘content. The immediate post-test revealed no differences
between the control and the two organizers. On the two week delayed

posttest, both verbal and pictorial organizers ﬁer’fomed significantly

better than the control groups. However, there were no significant differ-
L) N -

ences between the verbal and the pictorial organizers.

- Y]

Similarly, a study by Bransford and Johnson (1972) nderglonstrated

. . 7
the facilitative effects of pictures used in advance of the passage when

. o
’

\
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contextual support is absent. Subjects were given an ambiguous passage
' - f

with either an appropriate or inappropriate picture or title presented

before tﬁe passage or after the passage. The authors found that compre-
henéioﬁfé;é mémory of a prose passagewere greatly hnp;g#éd when the sub-
jects were given the appfopriate pictufe.in advancé. They concluded that
without such referents, subjécts were unable to activate the relevant -
memory schema and cqnsequently were unghle to comprehend or remember

«

the passage. )

The pictures used in the preceeding studies were designed to ful-
fill what Levin (Note 6) calls the 'interpretive role' of pictures in prose
learning. The interpretive image is one function of picfﬁres which is

designed to clarify complex prose material so that the co?;enf becomes

more comprehensible. Presumably, pictorial adjuncts of this type, when

used in conjunction with prose, facilitate the activation of relevant

séhemafby relating the information to existing knowledge (Levin and .
Pressley, Note 7). ‘
Another example of illustrations fulfilling an interpretive role

is reported in a study by Royer and Cable (1975). College students were,

4

given an initial concrete or abstract passage with illustrations or-verbal

5

anaYogies embedded in the passage.. After reading the experimental passage,

: . - R A
all groups received a second abstract passage similar in subject matter.ﬂf

The results showed that there was a significant increase in comprehension

gains for the group which reteived illustratiomsor analogies in the abstract

passage. In .concluding their analysis, Roy€r andeablelsuggested that the

illustrations helped the learner relate the new information to his/her

existing schema Therefore, plctures helped clarify the relatively abstract

concépts by providing a picture context; an _interpretative framework (Deag

* & Kulhavy, 1981); an assimilative structur? (Schallert, 1980); for

1 t

L3

&
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comprehending difficult-to-understand prose. .

,The general question as to where pictures should be $laced in
!

order to optimize learning still remains unresolved. It seems to\revolve .
around the nature of the content: and the learners' prior familiarity with

the conteitt. If the learner can be assumed to possess sufficient prior =

’

knowledge, then a picture in the post passage condition may stimulate

*

rehearsal .and additional processing of the conterit. In the Brody and
Legenza (191\0) and the Snowman and Cunningham (1975) studie$, the con-
tent of the passages was relatlvely general (i.e. a f1c1t1t10us tribe -
and a market square, respectlyel){} and concrete (1.e. descrlbl-ng a

!

place). However, when prior knowledge was manipulated so that subjects

were not in possession of contextual support in advance (Bernard et al.

1981; Bransford § Johnson, 1972; Royer and Cable, 1975) pre-pictures
\ =2

were found to provide greater overall learning gaifis.

~’Resea.rchers generally agree that the location of adjuncts,

. L
4

w}iether’ verbal or visual, }% poteﬁt'ial for manipulatigg how informa- ‘

L R

tion is encoded and progessefl in learning (I;roély and Legenza, 1980).
In support of this, Hartley (1979) has ad\'/ocated that learning from
illustrated text may be'greatly inﬂ\;xeinced depending jon where the
illustrations a:re placed in the passage. Although there is little
'rese‘arch available which supports the use of embedded irnages (i.e.,
Peeck, 1974; Haring and Fry, 1975) there is reason to believe that
careful arrangement of 1mages (Welntraub 1960), taklng into consider-
atlon the prior knowledge of the learner and the nature of the prose,
mlght' facilitate enhanced learning. In corxclusmn, 1/f\ pictyres are

designed to provide an intetpretive framework for undérstanding abstract

discourse, then the optimal placement of the images should be before -

the relevant paragrabh or' passage. T ’ . ' y /

-

.
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- This is 1n keepix'mg with Bransford and Johnson's (1972) fiﬁdir{gs *
that the inclusion qf an image after a paragraph had little or no effect
on activa,i:‘i_n’g t,he' re}evant schema in the learner. Although the 1eamer.
may in;:Ltialiy ‘possess prerequisite knowledge, mlesslaascherna-evoking
context‘is‘ p:rovidled (Bransford § Johnson, 1973) information may not be
retained }n memory. As Bransford and A\Johnson point out, contexts.may
also be verbal; illustrations, however,‘ a?ré‘ able to provife a visual
frame of refefenée which appears to be bettér retained in memory.

I _ ]

Prior Knowledge.

4

. .Despite the a_cknov}l‘edged importance of prior knowledge in prose
préceésing, it has receiveci Sﬁly partial reSearch attention in the last .
fifreen years (Schmid, 1977). <Currently, the. research that c_ioes exist
s£rong1y ﬁsugge‘sts .that the amount of knowleége a person possesses 1is
. predictive of how well a person will process and comprehend ne:w infdir-

mation _'(Bransford § Jo}mson,' 1972; Levin & Press’ley,. Note 7)', This

suggésts that, one of the most important things that readers bring to

a prose test.is their prior knowledge (Andersom et. al, 197\7]. Why

is prier knowledge consi'dered such an important variab'le‘in prose

proqe;sing? Bransford and Johnson {1972) have,demonstrated that pfose
~ processing i§ not an"i/solated function, rather it is an orchestration
jaf pﬁcpr knowledge interaétipg with new i'ncoming information. As

Alverman explains: '"This interactiorB between inf.oma‘tion fOLfnd on t(?e ¢ .

‘printed page and a readerts previqus knowledge is the essence of a -
schema-based theory of compreher’x\sioQ” (Mvé@, Note 8, p. 4).
Rumelhea’rt and Ortgny (1977) _consfide; sc(}}fma a key element in explain- -
ing how a‘ reader comprehends verbal informat;l‘on. It is essentially a
process of bringing tbgagxer appropriate schema in order to interpret

]
.
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the new information. An individual's interpretations consist of elabor-

ate ';nstantiations' of schemata. According to Anderson (1980), instantiated

N

schemata consist of a copy of the schema which were activated in inter-

preting some sort of sensory data, whether visual or verbal information,

plus the new information which was inserted into these subschema. There-

fore,

in understanding prose:

'Clues from the story suggest possible interpretations
(instantiations of schemata) that are then evaluated
against the successive sentences of the story until
finally a consistent interpretation is discovered '
(Rumelheart, 1980, p. 47). p

Anderson (1980) believes that the greater the prior knowledge of

an individual, the more elaborate the schemata that can be called into

yla', and therefore .the greater the learning. He argues that:

'...the task for the advanced stud‘ént is simply to £fill

‘the slots in an already formed schema with the particular s
information in the text. ...The information will be readily
acquired and, once acquired, easily retrieved when needed'

(p. 37). ) o

Accordingly, individuals with low %rior knowledge in a particular

subject area will mot possess these elaborate schema. There is, however,

some evidence (Anderson, 1980; Anderson, Reynolds, Schallert and Goetz,

1977) that people possess high level schemata or general knowledge which

they bring to the learmning task. The provision of a pictorial adjunct

with the passage may therefore more readily evoke existing schema ‘in the

d

learner or facilitate the creation of schema in order to aid in the

B ’3{

interpretation and processing of new information.

-

These ideas are consistent with Ausubel's theory of advance

organizers (Ausubel, 1960, 1968). Ausubel has long recognized the
influence .that prior knowledge may have on prose learning. New infor-
mation is remembered more efficient}y if the learnef “already possesses

a cognitive structure which serves as an 'ideational anchorage'' for

3

’
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incoming information. Optimally, ideational ancho’x’?age insures that the

otherwise temporal nature of new verbal information will be ‘retained
longef in memory (Ausubel, 1978). A study on advance organizers by .
Weisberg ‘(1970) is one of-the f'?w to examine the effects of prior know-
ledge in learning from illustrated text. In controlling for high,
medium.and low prior knowledge, Weisberg (1970) manipulated a verbal
organizer and ntwo types of visual organizers, a graph and a map, on the
learning of science concepts. Signifi’cant results were found for éll
levels of prior k;wwledge on the two visual organizers in comparison with
the. verbal‘ organizer and the control group. The results from this study
sugges‘t that prior knowledge may influence the felative effectiveness
of pictorial and verbal adjunicts (Weisb!érg, 1970). |

According to Dwyer (1378) individual differences in prior know-
ledge may also determine whether or not pictorial adjuncts are necessary
in facilitating prose learning. He cites Bruner (1957) ‘mpointing put (
that learners who possess high prior knowledge do not nécessarily benefit
from illustrated text. In fact, Dwyer (1978) remarks that the familiarity
of stimulus material is a function of the prior knowledge an individual

possesses. Accordingly, the greater the-prior knowledge the more concrete

the subject matter is to the learner and conversely, the lower the prior

knov‘vledge, the more ébstract the material. In the Royer and Cable (1976)

study, the authors found that an initial concrete passage or -an illwtratéd
abstract passage both served the same function. In other words, they

equally facilitated the creation of a 1mowl(edge structure in the leamer -
which subsequently made the second abstract passage easier tol leatn and

remember. It should follow then, that learners with sufficient prerequi-

site knowledge already possess an elabo‘rate knowledge structure (i.e. an

otherwise abstract passage 1s made more concrete) and therefore might not

t
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‘benefit from itlustrations. However, low.prior knowledge learners who ,

.

Q) do not possess cognitive building blocks or elaborate schema may require -

illustrations in order to create new cognitive structures or provide
concrete 'instdntiations' for an existing but poorly elaborated schéma.
For instance, ; learner miéht know certain terminology in a subject area
(e.g. the physics tém "relativity'') but have little notion as £o the

{ .meani;lg of that terminology or how it interconnects with other terms -

(or concepts) in the subject matter. t'Illust;'ations may help this. learner

logically interconnect concepts while also providing meaning.

. Salomon (1979) has also argued that if learners possess a large

body of prior knowledge, then new information pertaining to the learners'

prior knowledge is easily assimilated into their cognitive structure.

. However, the meaming extracted from infommation which is totally new or

novel is highly dependent on the symbol system which is used. Meaning

in this case is defined as the information or,ideas which are intended

“

~

by the author in order for comprehension to occur (Rw?lelhag'rt, 1980).
According to Salomo'n,‘ high prior knowledge learners may extract the same
‘ / . meaning from illustrated text, or print alone.. If the information is
novel, however, and leamers do not possess érior knowledge, then new
cognitive structures may need to be devgloped. The creation of these
s,tructui‘es for processing and retaining the information may depend upon
the symbol systems used to instruct the leamer. That is, thg leamers'
new schema may be specific .to the syxlnbol system employed in initi'al
*  learning. For insfanée, a learner trained in the use of statistical.
notation may not initially see the relationship between a particular \
- equation and a grap};ic representation c;f that equation. Léarning has
been specific to a particular scheme of symbolic representation. Sub- -

e

sequent learning using varied but interrelated symbolic fomms will’

charonse i .22 .
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provide a more generalized conception of the contenf which.is not depen-
dent upon a par_t,icular notational scheme or representational form.

Salomon (1974) claims that covert mental skills may be differ-
entially affected by the dense symbol systém that an illustration provides

(i.e. compared with words). He goes on tg say that:
4 i

'Similar differences of effect occur as a result of varying
the spatial arrangements of wisual presentation. Putting
two visual displays side by side tends to activate comparison
and discrimination. The information picked up in such a casg
is quite different from that gathered when the visuals are
presented successively' (p. 389).

The acquisition of knowledge from such simul%aneous visual dis-

-

plays,' however, depends upon the learners' prior knowledge. In the case .

-

of high prior knowledge learners, such a complex display may readily
supplant mentél skills, since it may be more representative of-how the
re

learner would process the information internally. In othér words, the

learner who possesses elaborate 'schema would be able .to make comparisons

between various concepts. In contrast, the low prior-knowledge learner,
lacking the appropriate knowledge structures may find such a presentation

too novel and therefore might not benefit frogn ‘a complex visual array.

In conclusion, differences in prior knowledge may play aj deter-

i

mining role in whether infommation should be p’resented verbally or pic-

* torially. ' The combination of two symbol systems such as illustrated text

. offers more options to the learner with lew prior “knowledge in extracting

the correct meaning of an intended message. If visuals are used to
supplant certain mental &ctivity, then the way the visual information 1is

presented may supplant certain mental processes as long as it is compatible

-

. !
with the learner'‘s own internal representation.




24

7
o

Organizational Images

It has been found in prose research that providing the learner
with information concerning the o;ganization of the passage content N
improves' learning (Shimmerlik, 1978; .Alverman, Note 8). Alverman (1981)
for instance, found that learning was facilitated v}a(n less-than-optimally
organized text was preceeded by a graphig organizér ‘desig/ned to show the
relationships between major concepts.. Similarly, the organizing function
of picture-word diagrams have met some degree of success in the ledrning
of science concepts (for a review, see Winn and Holliday Note 9).

There have also been attempts to usempictureé as organizational
a{ids, parti&ularly with regard.to mental imagery in childrens' learning
of oral discourse. For example, Ruch and Levin (1977) presented children
with partial pictures (pictures which contained most but not a.il impor-
tant information found in a Short text) during or after the. presentation
of prose sentences. The results indicated that the pictures presented
with the prose facilitated recall of paraphrased questions. The authers
concluded that illustrations provided the’ learner with a more efficifmt .
organizational device fhich the learner used to. imaginaily insert new |
information. These illustrations, according to Ruch and Levin (1977},
provide a stage-setting function. Pictureé, tell the leamer in advance

what the passage is about, and sensitize him to‘the structure of the

content to be learned by providing a frame of refetence for organizing

the prose-material (Levin § Pressley,. Note 7). -

In addition, the placement ©f verbal labels in map-like -illus- j
tljations may play a determining role ih how well people remember text-
related informatiori. Schwartz and Kulhavy (1981) for example, manipu-
lated the location of verbal labels in two map-1like illustrations. In

one condition, the verbal labels were embedded in the map, while in the

[
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. second condition, the verbal labels were simg;ly listed to one side. The

control condition consisted of a map with no labels. The results

" favored the map with the embedded verbal labels. The authors concluded

7’
that since the spatial arrangement of the verbal labels in the map were

meaningfully related to the accompanying prose passage, the learner was
. ¢ :
able to use the illustration as an organizing framework for storing

Q
information from the prose passage. This suggests that illustrations

ma;f provide the learner with a spatially organized structure‘which he or
she is able to intémalize and later call upon when needed (Schallert,
1980). Dean § Kulhavy (1981). also demonstrated that the organizing
properties of a map-like representation pro\(ride the learner with a cog-
nitive device for storing large amounts of related textual information.
These organizing properties were also found to improve comprehension.

. Reynolds (1966) found that the integration of vegbal and

pictorial stimuli into a single spatial structure greatly improved verbal

recall. Subjects in the study were required to learn sentences which

'containe/d nonsense words of three letters in length. Prior to receiv-

ing sentences, subjects were assigned to one of three groups. .One group
récelved the letter combinations embedded in a map-like illustration;
the second group received discrete segments ‘of the same illustration
which were randomly arranged while the control group réceived only a
1ist of the nonsense words.. The results indicated thaf prior.exposure
to a mapilike illustration provided the leamer with an organized and
integrated perceptual structure which subsequently improved verbal
recall. On the basis of the data, Reynolds ,(1966) concluded that the
superior learning demonstrated by the integrated picture group was

primarily due to the ofganizationaln function of the image. In a second

< .
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in\{estigation u‘s'ing the same two-stage transfer paradigm, Reynolds

(1968) sbught tl) determine whether thé positive effects of the integrated
map-like illustration would be consistén;c with differen{ materials; a _
younger age group,; and over a longer interval. Again, -the results
indicated thatﬁ the integrated picture group out-performed the non-
integrated and control group. The study also corroborated the findings
of Schwartz and Kﬁlhavy (1981) that merely including .verbal and

E)

pictorial maferial in an illustration is not enough to guarantee
i )

—

1eeﬁling gains. What is deemed important is the way the elements or
concepts are organized and integrated into a single structure,

In a closely related study. (Spangenberg, 1971), similar con-

" .clusions were reached. Spangenberg varied three levels of pictorial

coherence; minimal, subgrouped and overall structural displayé. Struc-
tural display was operationally defined as the éegree to which elements
appe_af to bé integrated in a single illustration. The results indicated
that Vthe rea;istic overall map display produced greater learning than
the s'ubgrouped oT minimal displays': ~Similar to Reynolds, Spangenberg
concluded that pictures i:rovided the learner with a more stable .organ-
%zational schema than their verbal counterparts.

A study by Main § Griffiths (1977) applied these findings to
the learning of complex, conceptual relationships similar to the subject
matter }Lsed in the current study. Using expository prose which is
more characteristic of textbooks used iIn instruction, subjects wefe given
either a prose pas:sage to read or they listened to an éudio tape comple-
mented with either a print or pictorial supplement. The pictorial supple-
ment was designed to show an overail structural coherence based on )
Spangenberg's (19:71) pigtorial display. The results favored the groups

l I '
which received either the pictorial or the verbal supplemgnts in com-

\
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parison with the print only group. They concluded that the gaiqs
) from the pictorial and verbal supplements were mainly attributed
to the organization of the concepts into a logically ordered pre- |
sentation.

In swymry, previous research findings "have demonstrated ‘that
various types of illustrations may function aé an organizational aid
in prose learning. In some cases, these images‘ are able to show both ——
conceptual and spatial ;;el\ationships between concepts and provide a
frame of reference for interpreting new information. Moreover, organ-
izational ac‘ljuncts provide the leamer with an organized schematic
representation of the passage content. Accordingly,. if the learmer is
aware of the orgaﬁization of the content in advance ; "then memory and
7COmprehension is facilitdted: (Alvermann, Note 8). The degree to which
pictorial elements are' spatially'integrated}in an illustration have
also been shown to provide greater learning gains (Reynolds, 1966,
1968; Spangenberg, 1971). According to Spangenberg:

'The perceptual feature of showing the interr'elatedness of

each item to the whole seems to enhance the quality of
learning' (p. 519).

Based on the preceeding arguments, the current \study was designed
to addr/ess, the effects of a single gonceptually integrated image- on
prose learr?mg. This image cansisted of a visual summary of key con-
cepts which were taken from the main passage. Since the structural

relationships between the concepts were relatively complex, and not

given to a realistic display, the design of the illustration portrayed

a conceptual spatial organiZation rather than a realistic spatial

organization. However, the importance of showing the interrelatedness

of these concepts (Spangenberg, 1971) was also taken into. consideration.

It was predicted that the conceptually integrated image, operationalized




T
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here' as a logically organized concept structure, would better facilitate

the organization of the passage content by providing a more integrated

structure than its pictorial counterpart: the embedded picture condition.

~—— . %

-» ~—

Verbal Ability o

j : | Al;hough the relationship between verbal ability and learning
from text is well established (Winn § Holliday, Note 9), it is often
overlooked in picture-prose research. . In a recent picture study
(Gellner, Note 3), reading ability was responsibie for the largest »
variance in a population of young adults. For this reason, the Nelson-
Denny Reading Test.(Nelson'§ Denny, 1973) was intended to be treated in

' the study as a co-variate in the statistical analysis.

)_-ygotheses .

This study examined the effects of twp piéture types on.prose
learning. Additionally, the -relationship betwe:en prior knowledge and
g picture-prose learning was examined. Based on the relevant theory -and

related research, the following predictions w-ere made:

Hl' There will not be a significant three-way interaction

‘ between time of testing (immediate versus delayed);
prior knowledge (high versus low); and picture condition
(conceptually integrated versus embedded versxis prose
only) .

HZ There will not be a significant interaction between time
of testing (immediate versus delayed) and prior know-
ledge (high versus low).

H3 There will be a significant interaction between time of
testing (immediate versus delayed) and the picture condit-
ions (conceptually integrated versus embedded versus prose
only). -

H4 There will be a significant interaction between prior know-
ledge (high versus low) anhd the, picture ¢conditions (concept-
ually integrated versus enbedded pictures versus prose only).

A




The rationale for hypothesis 3 was based on the assumption that
subjects in the picture groups would e'xhibi:c the least loss of memory
c;n e immediate- and delayed post-test in c?nlparison with the control | T
gtoup. In addition, the ;onceptually integrated image would provide the

. learner with an intact structure for organizing the incoming information
‘which according to Reynolds (1968) is consistent @){reg’ time. Although

. A
the embedded picture groups lack this onganizing f?ature, there would

still be a delayed post-test effect due to the gréater retrievabilij:y
in memory of the pictorial information (Paivio, 1971).

In reference to hypothesis 4, individual differences in prior
_knowledge may -have an effect on the role that illustrations play in
learning (Dwyer, 1975). -Illustrations may enhance or detract from

learning. It is expected, however, that low prior knowledge students

‘would particularly benefit from a pictorial adjunct. .

s




‘Prior Knowledge

N P - Chapter 3
Method

\ . [—

]

A total of 88 subjects participated in tile immediate posttest
(Tables 1 and 2 give ‘anformatio‘n on the age and sex.of. suiajec;ts] . Data
were. collected from four intact classes; one mariagement class (low prior
knowledge) n=45, and three geography classes (high pi‘ior knowledge) n= 43.
On the delayed postte.;:t this number was reduced to 68. The seemingly }lligh
attrition was partly due to losing one geography class (n=7) due to
illness-on the part of the course instructor. Additionally, a number
of sttﬁdents for whom immediate retention data had been-collected were

simply absent during the delayed posttest. Two subjects were excluded

_ from the study since they did not attempt to participate&in the free-recall

task.

The high prior knowledge sample was operationally defined as geo-.

- graphy students who had sucéessfully completed a six credit introductory

1
geography course. This six credit course was a prerequisite for the second
! X
year geography classes which were used in the study. The low prior know-
ledge sample consisted of commerce students enrolled in a second year

ki
management course. Owing to the operational definition of prior knowledge,

seven recreation students who were initially given permission to enroll in

' one of the geograp'h); classes were treated as low prior knowledge subjects

(see Table 3). o

o

Experimental Design

The experiment consisted of a two by three by two (2 x 3 x 2)

factoria} design with repeated measures on the third factor

4

.
: . . S
- . ‘

/




Table 1

. )
Means and.Standard Deviations of the
Experimental Sample: Age’

LY

Experimental Group

Subject Age

i Mean Standard Deviation

High Prior Knowledge

LIntegrated :

(single illustration) 24.4 7.1

Embedded L

(inserted illustration) 22.6 3.0

Control 23.6. 3.9

Total Sample 23.5 4.9
" Low Prior Knowledge

Integrated o
_ [single illustration) 23.3 5.4
_ Embedded ' \ .

(inserted illustration) 22.5 . A 3.5
* Control 22.1 2.8

Total Sample 22.6 3.9

>

%




Table 2

' bad
Absolute and Relative Frequencies for
Sex of High and Low Prior Knowledge subjects

Experimental o)

o

Absolute

Relative
Grop ., . Sex Frequency Frequency
*  High Prior Knpwledge i
Integrated ) male 7 70.00
(single illustration) . female; 3 30.00
Embedded " male 9 . 56.3
: * female - 7 43.8
Control ) * male 7 138.3
L ] female 5 41.7
4 .
2 R '\
Total ) male 23 53.5
: 1 female ’ 15 - 34.9
DA ”
Missing 5 : 11.6
- i
Low Prior Knolwledge N ) ‘
‘Integrated male 8 « 57.1
(single illustration) female - 6 .42.9
Enbedded X . male 9 64.3
ﬁgy female 5 35.7
Control . . male 6 40.0
female 9 60.0
¥ . 9\
. Total . male N 23 53.5
’ ° female 20 46.5
o
-
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o // , \
‘Table 3 + - ‘ -
w v * Absolute and Relative Frequencies on a

. self-reported "what is your majbr" question

(L -

o \ Scale Absolute Relative \
Frequency Frequency (%)
High Prior Knewledge '
3 Geography ( 11 25.6 -
Urban Studies 12 27.9
v Arts 3 . 7.0
{7 no response. 17 39.5 - .
Low Prior Knowiedge
Commerce 28 ,65.1\
Recreation 5 - 11.6
Arts 4 9.3
“ N0 response 6 14.0
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(See figure 1). The three factors studied were.prior knowledge (high
vers;xs low) ,b two pictorial adriuncts (Coﬁceptually integrated wersus
.embeaded versus ‘control) and test interval (immediate versus delayed).
Pfior ]movgledge and.the picture treatments were the between-groupl factors ,l
while I,the test interval was the within-group factor. Two dependent
measures were used in the, current’ study. A multiple-choice test, which
assessed knoﬁledge and comprehension of the passage material, and a free
Tecall test. ﬁI‘n order to examine the lorig-temm efficacy of pictures in
memory, s_ubjegzs were tested after rpading the experimental passage
(immediate free-recall and the multiple-choice test); and two weeks later

(delayed free-recall and multiple-choice test). The significance level

for the study was set at .05.

-
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<

Instrumentation

p
Multiple-Choice Test. The multiple-choice test was constructed

by creating a pool of forty test questions. The test was designed to assess

retention and comp}ehensiod of passage content as defined by Bloom's Tax-
onomy of Educational Objectives (Bloom, 1962). The forty questioné con-
sisted of twenty comprehension questions, ten knowledge questions and ten

illustrated knowledge questions. Five éf the illustrated test

Questions were drawn from the illustrations used in- the picture treatiments.
Of these.five questiohs, three questions were visually redundant with the

verbal stem and provided no new information. The remaining five illustrated

questions were drawn from the passage content and were not found in @ s

either of the two picture treatments. . - >

~ The format of the mulpiple-thoice test consisted of a verbal
stem with three Qistractors and ome correct answer. To ensure face
validity, the questions ;ere reviewed independently,by a subject matté
expert in the Gébgraphy Deparz%ent. The content expert determined
that the questions were clearly stated, and that only one of the pos-
sible responses was correct: Additionally, the correct response for-
each question was randomized within each question item so thaf guessiﬁg

\

on the part of the students would result in only a slightly better \
than chance score. ’ .

The forty-item pool was pilot-tésted with a sample (n=48) of
similar subjects as those used in the main study. Due to the large
nunber of multiple-choice items; the test was couqi;;;balanced to off-
set any fat%gue effect. Essentially, half of the stuSénts received

questions 1 to 40, while the remaining half received the same questions

in the reverse order. Ultimately, 25 multiple-choice items were sel-

ected based upon their internal reliability, i.e., Cronbach's & and

& ) -

U -
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1

item discrimination. The coefficient alpha for the pilot-test was 75.

In the main experiment, testing occured during normal class
hours. During the first testing session, subjects were not inf:ormed~
of a time limitation for cor}%leting the multiple-choice test. However,
due to an unforseen intervention by the class instructor, it was deemed
necessary to impose a fifteen minute time period for cc;muletion of the
nmltiple’-dloicgltest‘in the remaining ciasse§. '?his, however, gave
rise to some methodological pi‘oblgms in the~study. Since subjects in
the first class had not been ﬁinformed of a specific time lirpitation for
the test, 'roughly 38% of this class (n=11) were not able to answer all
test questions. ‘Whereas in the other classes used in the study, sub-
jects were informed ahead of time that they had fifteen minutes andj7
therefore were better able to guage their time more efficiently. Since
a mean of 4.8 test-items were not completed in the fifst class, the

last five multiple-choice items were dropped from the immediate posttest

for all subjects, thereby reducing the 25-item immediate posttest to

20 items. The two week delayed posttest consisted of the original

twenty-five item multiple-choice test (Appendix E). The coefficient

-

alpha for the twenty item immediate posttest was .69.

Ry
»

Free-Recall. Free-recalls (number of idea units recalled) was used as
the second dependent meaSure in both the immediate and delayed posttest
conditions. Subjects were instructed to write down as much as they
could remember from —the prose passage. The scoring of the free-recall
was based upon Schallert and Ulerick's (Note 10) prose analysis method.
In order to determine the content structure of discourse,
relational mapping was used as a text anai%'sis tool. This was achi’e‘\/red

4

by examining the various concepts and their propérties in ‘a paragraph,
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and then identifying their relationships with other subordinate con-
cepts in order to disclose tl;1e overall macrostructure of a prose péssage.
As specified by Schallert and Ulerick (Note 10), twe sets of relational
maps were developed independently by two reviewers who had previous
"experience with the technique. T’he”fir{al two sets of maps were almost
‘identical, with ambiguities settled by mutual agreement. Idea units
were then created by constructiﬁg a list of words and ph\rases which
" were explicitly gra;phed on the relational maps. The final free-recall
scoring key consisted of 378 idea units (Appendix F).

o

Scoring the free-recall protocols. To ensure objectivity, all protocols

were randomly ordered within the subject pool. Additionally, all
identifying codes were f;movéd from each subjects's data sheet so that
the experimenter would not be aware of the treatment conditions. The
free-recall protocols were scored twice by the experimenter to ensure
that there was consistency of gradifg throughout.i The recall protoéols
were scored with the free-recall key in order to determine the number of
idea units each subject remembered. This determination was made by
comparing the idea units which were identical or synonymous with the
primary recall key. One point was awarded for every idea unit that
appeared in each student's protoc:ol.(r

In order to assess the interrz;tter religbility, a total of ten
protocols were scoted independently by a trained colleague. An unbiased .
" estimation of reliability was obtained using Winer's (1962) analysis
of variance approach. This was done independently for immediate and
delayed free recall data. Results of 7tP{é irmediate data indicated
that Rater 1 and Rater 2 weré not significantly different, F(1,4) = .62,

p<.49’. The reliability coefficient obtained was .92. For the delayt;d, b
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results were not significint for Rater 1 and Rater 2, F(1,4) = .36,

-P<.59. The reliability coefficient obtained was r = .82.

L

Measure of Reading Ability. Prior to the initial experiment, subjects

were administered the Vocabular)g portion of the Nelson Denny Reading

. Test. Due to time constraints, the cut-time modification of the NDRT
vocabulary test for adult subjects was administered. Nelson § Denny
’(1973) reported that the intercorrelation between the vocabulary test
and reading comprehension was fairly high (r = .619) for a norming group
of 525 grade 15 students. Whe total reading ability from the vocabulary
and the comprehension scor@és was T = .95,

/ As per the instruction manual, subjects were informed that the
vocabulary portion of the NDRT consisted of 100 items. They were in-
'.structed to work as quickly as poésible and to score their responses on
the provided score sheet. After completing the three practice exercises
on the fi;st page -of the booklet, subjects were given an opportunity to
ask questi'ons. Subjects were then informed th‘at they were allotted 73
minutes tokcéfnplete the test. Upon completion of the test, the booklets,
were collected. "The NDRT ‘scorés weré\intended to be used as a covariate
in the statistical analysis. |

)

Interpolated Task. The interpolated task included in the experiment

consisted of a series of math problems developed by Gellner (Note 5).
The purpose of having subjects complete the task after reading the .
experimental passage was to insure that the dependent measures used

were assessing llang-term memory rather than short-term memory.




40

Materials

Prose Passage. A 1,900 word passage consist}ng of 17 paragraphs was

developed by the experimenter with the assistance of a subject matter
expert. The material was drawn from a number of books on geography
and meteorology. The pgssage dealt with a number of concepts and,
principles which affect the micro-climate of a city. For exainplie,
buildings, pavement and industry have an inadvertent affect‘gg‘_’:wind
patteﬁs, heat distribution and moisture levels. In the introduction,
a general overview was provided which introduced some of the p:rinciples
discussed later in the passage. Next, related concepts and principles
were discussed in sequenc}z. The article closed with a discussi‘on on -
the benefits and hazards of weather related changes in the environment.
Fry's Readability Formula (1968) of the passage yielded a readability
equivalent to university level.

The particular taopic 'The Urban Climate' was selected because
it would be sufficiently unfamilar to management students. It also
dealt with a concept (the heat island effect) which was generally‘
familiar to gebgraphy students who had completed a pre-requisite six
credit course.‘ In addition, the topic was part of the* course content
whir:h one of the instructors intended to cover in class.

The pilot test, which was conducted during the summer session

(1981), confirmed that the passage was unfamilar to the managem\ent

students. Unfortunately, due to a low class attendance in the geography

class (n =7), it was impossible to gauge the differences in content

familiarity between management and geographv classes.

Illustrations. Six of the seventeen paragraphs were illustrated,

Design of the pictures was based on six concepts discussed in the passage.

Yo
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For example, the heat island; the soil heat flux #n rural areas; water-

proofing and artificial heat; and urban-rural cingulation patterns. All

six drawings were circular blackoand white stylized line drawings. In
the conceptually integrated picture treatmént,’these six drawings wére
arranged :in a linear order over a stylized drawiﬁg of a city and it's
surrounding countryside (See Appendix B). This arrangement of individﬁai
illustrations was based on recommendations by Winn § Holliday (Note 9)

in which they found that learners tend to rely on reading coﬁvention
while reading visual diagrams. The authors concluded that scanning
direction was a powerful predictor of information processing.

The rationale concerning the inclusion of the city landscape
below the individﬁal‘drawings was two-fold. First, the functioT/g? the
city drawing was to provide a stage-setting device such that i% indicated
the setting of the passagé content [Lévin, 1979). The circular drawings
positioned over the city were representative of close-ups of the various:
processes occuring in the city and the countryside: The orﬁering of the
individual pictures was based on the organization of the concepts in the
passage. Secondly, it was hoped that this ordering of concépts over a
realistic drawing of the city would result in the illustrated concepts
being made more meaningfully related to the passage eontent, thereby
making the illustration as a whole more integrated. |

Adjacent to each Eircular drawing was a number. While reading,
the learner was referred to the numbered illustration. In the embedded

. ) :
picture treatment, the learner was referred to the illustration which

preceded the paragraph. Figure 2 shows a sample image from the embedded

condition and a selection from the accompanying prose content.




average. Winter hcat islands cxhibit a weaker variation hut |

¢an show morc cxtremc urban-rural difterences. The heat i1sland i

fm—

/ (REFER TO PICTURE) of a large city will generally show & plateau
of elevated temperatures, which slopes gently away from the center,

surrounded by a heat cliff in the suburban regions where the

(Figure 2) ¢

,- A11 of the information contained in {he"*visuals was designed

to be redundant with respect to the printed'materia}l-;’ they therefore

i }
contained little extraneous information. ) ‘1 p

The three conditions of the material were as follows: The
prosé only condition consisted of eight double-spaced typewritten |
pages (Appendix D). The passage for the conceptually\ ihtegréted_ picture
condition was identical except for the inclusion of verbal cues located
at the beginning of each appropriate paragraph which referred the
feéder to a specific numbered visual contained in ‘the adjacent illus* )
tration, The embedded picture condition consisted of eieven typewritten
pages mt&x use of verbal cues éimilar to the concep'éuz;lly integrated

passage. The reader, however, was referred to an embedded visual.

(Appendix C) .
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.

Two intact groups of management (n = 34) and geography

all subjects receiving one of four experimental conditions . Thg ‘
fourth condition was a picturey control in which subjects received only
e conceptually integrated image and no passage.

The rationale behind the picture control condition was to assess
the independence of the picture from the passage as a lconveyor of infor- ~
mation. .'Ihe subjects were allowed fifteen minutes to study the materials.
When the time had elapsed, the subjects were instructed to fill out a
questionraire on the difficulty of the passage and the usefulness of the
illustrations. Finally, a forty-item mﬁltiple-choi'ce test was completed

by all subjects.

.
P

<

Results. Results f(l_‘om the questionnaire and the multiple-choice test

1

indicated that the reading' time for students who received illustratior'ls

with the' passage was insufficient. Therefore, the reading time was ' l
extended fromfifieen to twenty.minutes for the main experiment. Pic-f
ture related questions from the questionnaire reve'aled that 71% of th
students found that the pass%ge required illustrations. in addition,/63%
felt -that the illustrations represented the various concepts cleérly "
Finally, 76% felt that the illustrations helped them in reading the /passage.
Another 76% also indicated that the passage was unfamiliar, and 77%

found it difficult. Additionally, the picture control grouns in mana-

gement and géography scored only slightly better than chance on the ’

" multiple-choice test.




|
b 44

1 ’ ”

: : l :
Assemblage of Materials. Therprocedure of block randomization was used to

randomize the three experimental treatments. Each package of materials

was assigned a number and distributed to the subjects in numerical

Y

order. The packages and their contents are lis ed in order of presen-

tation.
# . »
Envelope Time , Contents ’
1. 20 min, _ General in truc\tions on outside of
envelope. | (Appendix A) :
Specific instructions with experimental
treatment.| (Appendix B, C, D)
2. min. Jnterpolated task (Appendix H)
3. min. Free-recall (Appendix F)
4. 15 min. I\fultiple—c][;oice test (Appendix E)

Procedure. The experiment was conducted duri\g regular class hours.

In each class’following a general orientation {to the study, subjects
receive‘d‘a Nelson & Denny Vocabulary test. Af er completing the vocabulary
test, the booklets were collected.\ Each subjecé.t then received a package
consisting of four numbered envelépes which wer\eﬁ stapled together.

Each subject was assigned to one of the tﬁre;e co\‘nditions (conceptually A
intergrated, embedded and control) by random rallé)‘cation of the material.
Subjects were instructed to work only on the cont\'lcnts of the assigned
envélope ,and to refrain from oi)ening other envelo\ es wntil directed to

do so by the researcher in charge. Sub jects were |instructed to remove

the contents of the first envelope. This consisted of the experimental

passage with instructions stapled on the outside. | After 20 minutes,

pd
' subjects were told to replace the passage along with the Nelson Denny

score sheet and take out the contents of the second envelope; the inter-

polated task. One minute later, subjects were di ectetho open envelope -

'

~
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1

'number 3, ‘the' free-recall portion of the dependenf measure. Ten minufég
later, subjects were asked to stop writing and replace the
' ‘test in the appropriate envelope. Sub'jects were then instructed to
"opign the final enyelope which.consisted of the multiple-choice test
, ‘and answer sheet. They were allowed fifteen minutes to complete this
task .Upon cémpletion of the Yosttest, all paél(lages w;are cgllect_ed
and mé .exper;n}entér promised to return with the results. Two weeksﬂ

later, an unamoinced delayed free-recall and multiple-choice test were

administered in the same fashion as in the immediate testing.
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Chapter 4
hts Results .
A/ B
Introduction
The purpose of this study was to determine the relative effective-

ness of two forms of pictorial illustrations on learning from prose text. /

'Secondly, the study examined whether the effectiveness~of the illustrations

would differ in students with high and low prior knowledge. Finally, the

retentiondl effects of illustrations were examined over a two week period.

i

Covariate Predictor: The Nelson Denny Reading Test. Although Nelson

Denny reading data were collected fir use as a covariate (means and
standard deviations are 'ﬁresen‘ced in Table 4) certain considerations
warranted the removal of verbal .ability as a predictor of subjf,ctl
performance. As noted earlier in Chapter 3, the ce1"1 sizes of"ghe
treatmeﬁt groups were relatively low due :co att‘;'ition, asywéll as a class
being cancelled. 1In additﬁion, Nelson Denny Vocabulary data were missing

from three of the subjects, which\would have further reduced the cell

oot

" size. .Furthermore, one subject had a total score of>one in the NDRT.

The low score reflected not so much a iack of vocabuléry skill, as d.i/s-
interest fHOT that particular task, since only five i_Eems in the test were
attempted. Hence, in order to eliminate the subject with the lowest“scove,
it would have been’ necessary to remove the ‘subject with the highest score.
A t?tal of five subjects would have been excluded from the analyses.

-

In order to avoid reducmg the celb sizes even furthet, and to
gxgroups on the

e
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covariate, a two-way analysis of variance (ANOVA) was conducted using

~ the NDRT as thé dependent measure. In testing for the assumption of

\ 4

Lfandomization, Huitema (1980) suggests using a liberal level, therefore,

a v

the level vf significance was set at-~+10.

- Table 4.

Means and Standard Deviations

o of the Total Sample on the Nelson Denny Reading Test !

L]

Experimental Nelson Denny Reading Test/
Group © "Mean Standard Deviation

e

High Prior Knowledge

v

Integrated : ' -

(single illustratidn) 32.27 ' 16.70;
Embedded -

(insertéd illustration) 38.94 21.43

Control ? 35.08 12.48

Loﬁ Prior Knowledge

-

\

Integrated ' " .

(single illustration) - M29f07 16.90
Embedded

(inserted illustration) ~ 30.64 12.43

- Control - 33.20 - o, 13.98

‘Total Sample 33.35 ~ 15.97
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Analysis of the data revealeci no significant main effect for prior
knowledge, F(1,77) = 1.68, p=20, and no §ié§ificanf mairf effect for
the picture conditions F(2,77) = .50, p>.60. There were no significant
interactions. Based on the above considerations, thé groups were \‘con-

sidered to be equivalent in reading ability and therefore, the NDRT

was not used as a covariate in the statistical analysis.

. - ' 4
Multiple Choice Posttests

L - R
( Due to the quantitative differences in question items between

the immediate (20-items) and the_ delayed (25-items) posttests ,- separate

analyses were performed on the two mltipfe-choice tests. See Table

5 for means and sté.ndard deviations.'

~

Immediate Multiple Choice Posttest. The 20 item immediate multiple-

choice posttest was analyzed by a two-way analysis of variance (ANOVA).
Results showed that there was a significant main effect fo% prior
knowledge, .F(1,85) £ 4.61, pr<.04 (see Table 6).. The main effect for
picture treatment and the intéractioﬁ of prior knowledge and picture
treatment were not significa{}t, F(2,85) = .14, p<.87 and F(Z,85) =

.62, p<<.54, respectively .

Delayed Multiple Choice Posttest. The 25 item delayed posttest was

also analyzed by a two-way anél?sis of ¢ariance (see Table 7). The
main effects of prior-knowledge F(2,67) = 2.82, p=<.10; and picture

) .
treatment were not significant. Additionally, there was no interaction

between prior knowledge and picture treatment.

4

Knowledge and Comprehension Questions. To more closely examine the

G
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treatment effects on knowledge and comprehension, a two-way analysis
of variance was performed separately on the immediate and delayed po\sttest

-
scores. .

A test of the immediate knowledge scores yielded.no significant
differences between levels of prior knowledge, F[1,84) =1.79, p=<.19;
picture treatment, F(2,84) = 18, p=<.84; and no interaction F(2,84) =

. [

.33, p=.73. P ‘

L]

Table 5.

<

‘Means and Standard Deviations for Experimental

Groubs on Immediate and Delayed Multiple Choice Posttests

LA
/ .
Immediate . ~ Delayed

Experimental - Posttest (20 items) Posttest (25 items)

Group X . SD n X SD n
High Prior Knowledge -
Integrated .
(single illustration) 10.69 8.33 - \13 12.33 5.09 ‘9
Embedded
(inserted illustration) 11.12 3.50 16 13.91 3.80 11
Control 11.21 3.62 14 14.00 3.68 10

Low Prior Knowledge

Integrated 10.29  3.07 14 1114 2.3 14
Embedded . 9.33  2.99 15 12.36  3.26 11
Control 8.86 3.39 14 12.23  3.81 13

Total Sample ' : 10.25  3.34 86 1257 3.66 B8
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" Table 6
& A
Analysis of Variance Summary Table for ,
Immediate 20 -item Multiple-Choice Posttest . P
. degrees of Sig
Source SS Freedom MS F Ratio Level
Prior Knowledge (P) 51.04 1 51.04 4.61 p~<.04
I1lustrations ‘(I)\ 3.12 2 1.56 .14 p<.87
PXI . 13.82 2 _6.91 .62 p<.54
Within (error) 884.78 80 . 11.06
Total ‘ 85 11.20°

952 .37

vy
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N Table 7 C
: 4 /‘,'4"9/
Analysis of Variance Summary Tabi(é for
Delayed 25-item Multiple-Choite Posttest
)
" - degrees of . Sig
Source . SS Freedom MS F Ratio Level
Prior Knowledge (P) 37.65 1 37.65 2.82 p=.10
I1lustrations (I) 27.39 2 13.69 1.03 p=<.37
PXI .95 2 .47 .04 p=<.97
Within (error) 827.48 62 13.35
Total 67 13.41 )

898.63

re
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Analysis of the inmediate‘conprehension scores yielded a main effect
for prior knowledge such that F(1,85) = 4.75, p<=.04. There was no
significant main effect for picture type.

A similar situation occured with the delayed knowledge and
comprehension scores. However, for knowledge rel;ted questions a main
effect was found for prior knowledge F(1,67) = 4.01, p=<.05. No signi-
ficant differences were found for picturg treatn{ent F(2,67) = .63,
p=<.54. There was no interaction found between prior knowledge- and,
picture treatment. In examining the delayed c:ompfehensién scores, no
differences were observed between prior knowledge F(1,67) = .05, E<‘82;
and picture treatment F(2,67) = .66, ¢£<.53 and no interaction between

p‘%ior knowledge and picture treatment.

Free-Recall. The free-recall protocols were scored according to the
criteria described in chapter 3. Table 8 presents the means and stand-
ard deviations of the treatment groups. Program’BMDP 2V analysis of
variance with repeated me;asures was usecli to analyze the data (refer to
Table 9). The analysis yielﬂded a significant main effect fc;r time;
F(1,62) = 67.5, p=<.001. There ‘was a significant main effect for prior
knowledge F(1,62) = 5.52, p=<.03 , Similarly, the '
analysis revealed an overall effé;:t due to picture treatment F(2,62) =
2.98, P.-Z'OS (refer to Figure 3). The interaction between time of
testing and the picture condition was not significant F(2,62) = 1.94,

p=.16; nor were any other interactions.

Post Hoc Analysis. Post hoc Duncan's multiple-range test yielded a

significant difference at the .05 level between the embedded picture

condition and the other two conditions such that embedded >conéeptuallx

«
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. Table 8 \
. ‘ \>
Means and Standard Deviations for Experimental -
Groups on Immediate and Delayed Free Recall Dependent Measure
‘; Experimental : Imediate Delayed
/Gao/uﬁ Free Recall Protocol Free Recall Protocol
_ X SD n X . SD n
High Prior Knowledge ' ' \
.
Conceptually Integrated 15.7 8.1 9 15.8 6.8 9
Embedded . 29.0 10.0 11 24.3 8.6 11
Control 24.5 6.7 , 10 19.3 8.2 10
Low. Prior Knowledge
onceptudlly Integrated 2.0 7.4 14 14.8 8.4 14
\' edded | 21.5 9.6 10 17.4 7.1 10
Antrol ! n.1 7.9 14 1.3 51 1
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Table 9

Analysis’ ¢f Variance with Repeated Measures
r Free-Recall Posttests.

Source ' SS df MS F p
v . ~ radio

Between Groups

Prior Knowledge (P) 592.1 "1 592.1 . 5.52 p<.03
Illustrations (I) 639 2 319.5 2.98 p<.06
PXI 328.4 2 164.2 1.53 p<.23
. Error 6650.3 62 107.3
r ‘
Within Groups
Time (T) _ 1060. 1  1060. 67.5 p<.001
TXP 37.5 1 37.5 2.36 p<.13
TXI : 60.9 2 30.5 1.94 p<.16
TXPX I S 38.6 w2 19.2 1.23 p<.30

Error 973.8 62 15.7
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integrated = control.

between time of testing and prior knowledge.

» ' Hypothesis 3 was not supported. There were no/ interactions .

‘between time of testing and the picture conditions. However, there was

a main effect over time and a main effect for picture treatment which

favored the embedded picture condition.
Hypothesis 4 was not supported. There was no|interaction N
between prior knowledge and the picture conditions. gh and low prior

knowledge subjects performed equally well with the embedded picture

«Q
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| Chapter S

Discussion

This study assessed the effectiveness of two altemate forms of.
picture type on prose learning. In addition, the influence of prior

knowledge on learning from illustrated and non-illustrated text was also

\iiddressed. ' )

Pictorial Effects on Learning from Prose.

In comparing student performance on both the multiple-choice
dependent measures, no differences were found between the various
treatment groups. However, examination of the free-recall dependent :
measure revealed a significant main effect for picture treatment, l
favoring the embedded picture condition.

The discrepancy exhibited between the two dependent measures
may be partly explained within an organizational context. Specifically,

there is some research evidence which suggests that a cued recall test,

[}

or for that matter a multiple-choice test, may not be sensitive enough
to guage the retrieval of passage-related information from memory

(Shihnerlik, 1978) . According to'Shimmerlik (1978), a cued recall \

dependent. measure may conceal certain organizational effects provided \

by adjuncts. However, in a free-recall situation, the leamer is able
to Imake more efficient use ofdan intact retrieval schema for caliing
up\,"pr“ose. content. In addition, Duchastel (Note 1) has argued that
’ iliustrati'ons better facilitate the recall of broad schgmas of informa-’
ion as opposed to specific segments of knowiédge typically measured by .

/a multiple-choice test., J

A

\
\

v
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In the current study, it was hypothesized that the concept \lly
integraté'd image would provid.e greater organizational benefits than\ the
embedded picture treatment. This was based on several theoretical
assumptions. First, .the success of integrated map-like images has been
documented by Reynolds (1966; 1968) and corroborated by Spangenberg
(1971). Seconcily, providing the learner with advance notice on the con-
ceptual organization of ﬁhe content (Shimmerlik, 1978) and its sequence
iﬁ the passage (Staley § Wolf, Note 3) has been shown to provide greater
learning gainé., However, the results of the current study did not
support the benefiéial effects of the conceptually integrated image.

In fact, the no-picture group performed slightly better on the free_-
recall in comparison to the concéptuall_v integrated picture group. This
suggests that there are instructional situations- which do not‘t benefit
from the use of picturesl as adjuncts to prose. .

This notion has received sui)port from a study by Holliday (1976).
He hypothesized that verbal chain information would be more effectively
learned through the use of a structurally coherent display similar to
Spangenberg's (1971) versus the same ;:lispla,v plus text, or text only.
Two flow diagrams were used, a picture word diagram which illustrated
a relatively complex biogeochemical cycle with words and pi'ctures plus
a block-word diagram illustrating the same verbal information with black
and white geometric sy;rbols. The results showéd that the two diagrams
were significantly more effective than the diagram plus text groups. a'
In' addition, there were no differences between the diagram-plus-text .

and the text only, which is consistent with the findings from the current
study. Holliday raises an:important point which may inderlie the non-

significance shown t\)\y the conceptually integrated image. He suggests

that the students may have. ignored the adjacent illustration. This then

|
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imilar means found betwéen the diagram-
oup. As Olson (1977) podints out, there

ich places a great importance on verbal

1 2 e
learning. If students believe thalt they can obtain the same information

from the text, then they v;ill do s
information. Similar conclusions
and Kulhavy (1981). They found th
provided the learner with a more s
the learner was forced to encode i
students actually drew the map.

map-like iljlustration performed ﬁo

authors concluded that ner§ly provi

guarantee” that it will be processe

T]

\

«
o to the detriment of the visual

were also reached ifi a s'tudy by Dean
at a map-like organizational device

table organizational schema only when
t. In this particular cdse, .the |
he subj ec;ts who received an identical

better than the céntrol group. The

iding an adjacent organi/z_er is no

re

-

by the learner. [

According to Levie and Lentz (Note 11), pictorial yadjuricts such

as diagrams and maps may be less e

images or representational images.

ffective as adjuncts than conventional

However, this is primarily due to

' the tearners' lack of knowledge in using such adjuncts. In commenting

on this, Salomon (1981) also point

'For a representation to issu
fit into the context of deve

coding. If such remresentat

s out that:

e the information easily it must
loped schemata with minimal re-
ions have been frequently en-

countered in the past, thereby cultivating appropriate anti-

. symbolic structure very much

it is considered ''stereotypic

existing mental context' (p

In conclusion, Levie and L

cipatory schemata, and if a néw representation looks in

like the previous ones, then
", as it fits into the pre-
. 201-202).

-
entz suggest that prompts, such as

" those used by Holliday (1976) and Dean § Kulhavey (1981): or training,

<

will provide a more accurate estimation of whether or not these adjuncts

contribute to greater learning gains,
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Differences in Prior Knowledge

-A}though not totally con§istent‘, results from the study in-

' dicated that there were definite differences in the prior knowledge of
students.. In general, high prior knowledge stude)nts recalled a greater

' mumber of idea units and achieved higher leaming gains on the immediate
multiple-choice test. It is difficult to provide a definitive answer as

" to why the high pr1or knowledge students showed greater gains on the com-
prehension questions on the immediate nosttest Yet no dlfferences were .
evident on the delayed posttest except for knowledge questions. One
piausible explanatio:h may lie, in the,repea{ted use of the same multiple-
choice test” for the immediate and the two-week delayed posttest condit-
ions. In general, unliKe the low prior knowledgé subjects, high prior

a

knowledge subj ects were tested late in the afternoon or evening. The

tack of prior knowledge dlffererfxces in the delayed posttest (except for
knowle@ge‘ questtons) may have been due to a decline in student motivat-
“ion combined wit{; test familia;ity. It is possible, therefore, that Fthe
high prior ldlowleage students may have felt that they had done enough, )
pz;rticularlyf after comple@\g the more demanding free-recall posttest.

-

Pripr Knowledge and Learning from Illustrated Text

« ’ Initially, it was hypothesized that there would bi aBeignifit:ant
interaction between prior knowledge and the picture treatngnts. It was
erguea that high prior"‘.krwwled.ge learners pgs§essed richer, more complex ’

stores of schemata (Anderspn: 1980) than-lc;w prior knowledge learners. ®/

High vprior knowledge learners ,‘theiefore might not -benefit from illust;‘"é-

ted, text since the prose conterft would be sufficiently familiar to él\ow

. learners to apply their own encodlng strategies (Dwyer 1978).
- v\

° »
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On the other hand, "various studies have shown that pictorial
contexts (Bransford ‘and Johnson, 1972) assist learners in 'calling up'
appropriate schemata (Anderson, 1977) in order to comprehend abstract
01.‘ ambiguous passages. Of particular imi:ortgnce in the Bransford § Johnson
study (1972) was the\assun?ption that prior knowledge is necebsary in order
for comprehension, and therefore 1ea’¥'h:[ng and memory  to take plﬁ:e. Prior
knowlédge, however, does not guarantee greater learning gains. What is
important is that knowledge must be activated if comprehension is to
occur . (Bransford &' McCarrell, 1974). Qné way of activating prior know-
ledge is to provide an approp ’iate pictorial adjunci which the learner
‘can make use of during procesling to ensure that the information is
transferred into long-term memory (Reder, 1980).

Additionally, gz;pictoria;l- adjunct may also provide a supplanting
function in learners wi;o lacked the necessary cognitive skills (Salomon,
1972). L “Given the repertpire of information processing abilities of
leamers, Salorr{on (1979) has maintaiﬁled that providing learners with
identical visual adjuncts may or may not lead to an increment in learning.
A pictorial adjunct rjlay assume a supplanting function if it is compatible
with the 1ea\mers“ own processing strategies. Aw complex visual fiispla,)',
such as thé tonceptuaily integrated image, would therefore provide greater
facilitative effects for the high prior knowledge learners than the low
prior knowledge learners. ' /

-’

Results from the study showed a main effect for iprior knowledge

>

J‘ - - o
_and for picture treatment, but there was no interaction between prior .

knowledge and picture treatment. That is to say, the embedded picture

treatment was effective for both levels of prior knowledge. A number
# .

of explanations may account for these results. Mentioned earlier and

reiterated here is the fact that learners may have simply ignored the
* ! - - n‘ '
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conceptually integrated image. It has been convinéing],v stated that ;
even the best designed visual will not improve prose leamlng if leamers
do not make use of it (Schmd Note 12).

A second interpretation may lie in the v'ariabiﬁty among. the
levels of prior knowledge within the high prior knowledge group. As
e:ridenced by the questionnaire data (refer to Table 10), a substantial
number of géography students indicated that they were not highly familiar

with the passage content. If the students found the prosé content- too

"abstract and difficult to comprehend, then thg facilitating effects of

1)

an interpretive pictorial adjunct\on prose learning would be diminished
(Levin § Pressley, 1978). Additionally, if ﬂie\ftudents found the
passage overly complex,t t'hen the inclusion of a éomplex visual display
would further confound the situation. Indeed, Sclichcinski (1979) has
proposed that some visuals require a-certain amount of background know-
ledge in order to\be understood. As Salomon points out: '...a picture
is worth a thousand words only when they have been uttered before the
picture is seen' (p. 392, 1974). SUpposedly, this infonnatipn'was
provided in the prose content which preceeded the embedded pictures.
In conclus,ion,‘ the results from the study favor the addition
of text-embedded pictorial adjuncts and lsuppox:t the findings of Peeck
(1974) and Haring § Fry (1975). Similar to the pa’rtial‘piétures used
by Ruch and Levi;l (1977)‘, the embedded pictures may have provided both
high and low prior knowledge 1e:1mer§ with a gchema-evoking context
(Bransford § Johnson, 1973) for organiziné the incom?ng information.
According to Ruch § levin (1977), partial' pictures which are provided
prior to the text stimulate deeper levels of -processing in the learner.
The significant differences in prion knowledge mould account for high

I

prior knowledge learners having 1nstantiated a greater number of variable
‘ J
f

’ *
‘ ; .

[




Table 10 _ o

Absolute and Relative Frequencies on a

self-revorted "Familiarity with Passage' question

Scale t Absolute Relative
Frequency Frequency (%)

High Prior Knowledge

not familiar at all 1 ‘ 8 1_18'.6 ‘ |
| 2 10 23.3 . ' ‘
N 7 16.3 . —
4 9 . ... 2009
very familiar s 5 ' 3 7.0
no response o 6 14.0

Low Prior Knowledge . '

_not familiar at all 1 . 20 46.5
’ Z 6 14.0
I 3 5 11. ¥ .
B 9 20.9 ,
Cvery familiar 5 1 2.3
no response - 2 4.7 )

y
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slots in memory duriffg the initial processing of the picture contexts.
This provides confirmatory evidence that how much a person remembers

from a prose passage is based largely on the learners' existing knowledge

(Anderson et. al, 1977)%

The Retentional Benefits of Illustrations e

I't was hypothesized that there would be a significant interaction
between time of testi(ng and the picture conditions. The results from
the current study were not fully supportive of the long term ‘benefits
of illustrations owing to a mérginal interaction‘between time anq picture
treatment (B<.16j.

While many researchers have advocated the necessity of testing

the effectiveness of adjuncts over time (Barnes § Clawson, 1975; Shimmerlik,’

»

1978;--Haring § Fry,‘ 1980; Peeck, 1975; Duchastel, Note 1; Gellner, Note
5) it is often overlooked in many picture-prose studies. Additionally,
numerous picture studies (Bernard et. al, 1981; Dean § Kulhavy, 1981;

Duchastel, Note 1) also fail to incorporate an interpolated task, or

report its inclusion as part of the research design.- ° Since

1

)

the primary purpose of an interpolated task is to dimin#;“a récency
effect and better assess long-term memory, fhe inclusion of an interpolated
task provides a more accurate estimate of the retentional benefits of
illustrationé even in the immediate posttest.

Ovetall, thje results from the immediate and delayed free'-‘reca(n
posttests suggest that the embedded picture condition provided, better:
long-tem retention of the passage content. This supports Pa,i%rio's Dual
Coding Theory which proposes that the dual psocessing of maQe\s: and words
results in a stfonger mémory' trace of the informd¥ion. Gi\;en the rela-,

tively abstract nature of the prose materi/al used in the current study, .
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it may have been difficult for students to gdenerate their own mental images.
The information would therefore have been encoded verbally. The embedded

pictures,‘ however, were encoded both visually and verbally, thereby en-

suring that they would be retained in memory longer.

An importantr question still remains. Why is it ‘that t};e concep-
tually integrated image did not equally facilitate learning, given the
fact that it essentially conveyed the same pictorial information?
Although a'nunbe;' of explanations were touched upon ear}ier, perhaps the
answer 1iés in the retrieval of the illustrations from memory.

| "It has been proposed that visual information is encoded spatially
in memory (Palvlo, 1971; Mandler and Parker, 1976) and that individuals
possess an impressive memory capacity for pictures (Standing et al, 1972).

During recall, it is the process of reconstructing a spatial image which

assists the leamer in remembering the various elements and the relation-

ships_between them (Winn, 1980). -Therefore, the more vealistic: the spatial
pattemns are in a picture, the greater the recall of the verbal and
pictorial information cor;tained ir; the picture. Dl]ring recall, the con-
ceptually integrated image as a whole lacked the spatial realism that

the individual picture$ possessed. Therefore, the embedded picture;'.

were more easily retrieved from memory, which may account for their greater
effect on learning. ) ' | .

In conclusion, it éppéars from previbus research findings that
pictures do facilitate learning. However, some researchers believe that
it'is important to eﬁcplo‘it the mxiq(xe characteristics of pictures, '/such
as their spatial properties, if pictorial benefits are to be found

(Schallert, 1980).
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Conclusions and Implications

The findings from the current study indicate a superiority of
embedded pictﬁres in comparison to a single pictorial adjunct. Exactly
why this is the case is not clear. HMver it had been suggested that
students have a tendency to ignore an adjacent pictorial aid in favor

of the prose material. The embedded pictures might have had. a stronger .

attentional effect and therefore provided a greater mediational activity

between the learner and the prose. Verbal learning research has shown

that the placement of an adjunct has an important influence on how people

' -
learn. Future picture research should examine how placement may be

manipulated in order to optimize learning.
Although ‘the conoeptuaily integrateg, image showed no beneficial

effects, the use of multi-images in slidetape productions has proven to
' 3

be an effective teaching tool (Jonassen, 1979). Duchastel has pointed

out that: .
'Much more needs to be-done however to establlsh which. arrange-
ments of illustrations are harmful and which are helpful and
whether certain trade-offs of effects are warranted ' (p. 285,
1981).

~
]

In addition, it has been proposed that individual differences in

cognitive style, such as field-dependence and independence, may influence

the e_ffectiveness of complex visuals such as the conceptually integrated

image (Salomon, 1974) According to Salomon, a field-dependent learner

)

’ m1ght flnd a complex visual difficult to mterpret and therefore would

better beneflt from an equlv,alent verbal adjunct.
Although a number of studies have found facilitative effects of
pictures on comprehension, no such results were found in the current study.

However, the broad grouping of free-recall into reading comprehensmn has

been noted in several ‘picture studles (i.e., , Bransford- & Johnson\<972
- Haring and Fry, 1979). ’I‘}ns diversity in the measurement of

¢

PR
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cd{mprehensioﬁ gains doés little in clarifying how illustrations affect
1e§arning. However, the use of free-recall in examining the structure of
prEose in memdry. is a valuable tool. If this study had evaluated learning
so’T.lely in terms of the mltipl(;:choice te.‘st, no results would have been .
found. Although the experimenter only examined learning outcomes in terms
of Equantity of idea units, the Schallert and Ulerick (1980) discourse
analysis method provides a more detaiied analysis in determining macro °
and micro idea units. Given that the discourse analysis method is far mere

\

sensitive in evaluating memory of connected discourse, it should be con-
1

- sidered for use in conjuncticn with a multiple-choice test in picture

‘research.

The relative importance of prior knowledge in determining how
effec';ive verbz;l adjuncts are, has been voiced by Ausubel and Fitzerald,
(1962). Many researchers such as Andersﬁn et. al. 1977; and Sulin and
Doolir}g;,\v1974; have provided evidence that prior knowledge affects memory

for prose. It is becoming increasingly obvious, gherefofe, that prior

Xknowledge should be removed from its veripheral status and be investigated

more closely in the area of picture research.. In relation to the current

study, one method if}etemining prior knowledge would be fo pretest students
on their knowledge of various concepts rather than relying on subjectfv |
verification.

Dual coding theory -also qfff_ars an explanation for the effectiveness

of the retentional role of- illustrations over time. Earlier research has

shown that when pictures and words are compared in a free recall paradigm,

‘pictures are superior (Snowman, 1973). Similarly, when applied to verbal

discourse, ‘pictures appear to remain relatively stable in memory and are
able to facilitate recall of the prose text.

Taken together, data obtained in the current study demonstrate

o
‘ Y
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that embedded images contributed to greater learning gains; Further
research might examine a combination of the éwo pictorial treatments.
In other words, present learners with an éverview along Qith the embedded
components of the overview. According to Shimmerlik (1978), providing
learners with fwo different contexts results in greater quantitative and
qualitative differences in recall than a single organizational adjunct -
alone. |

In conclusion, the examination of pictures‘used in conjunction
with prose text appears to be a multifaceted consideration for researchers.
If,lhowéver, a more systematic and, most importantly, a theoretically .
oriented‘apprdach is taken, the end results could substantially contribute

1

to the. improved design of reading materials. ) . : y
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DIRECTIONS

This study is beéing conducted for the purpose of improving
upon the quality of instructional textb90k§l Thereforé,'ybuf
participation ii\needed in order that guidelines are developed

\ ~ -

which can Qe used’ by writers 'of instructional materials.

»

This.package consists of four (4) separate envelopes of

material® You will be guided through these envelopes by the

-~ :

researfhers in timed steps.

I ~
You are asked to follow the researchers' directions closely.

L4

They will advise you when to start each task and when the time

»

allotted for study of the material has expired. . ¢

v

When the task has been completed, insert the materials back
‘ N4

into the proﬁer énvelope and wait quietly for others to finish,

kY

Please do not loogk tﬁrough subsequent envelopes until the
X /

researcher in charge of the study gives the go-ahead.

a
Please note that other students in the room will be working
EBh\slightly différent materials, so we ask that you ignore them

and attend to your task only.

DO YOU HAVE ANY QUESTIONS REGARDING THESE INSTRUCTIONS?
. / “\

A ' ‘ Thank-you for your
. )

. Ly

assistance and cooperation!

i
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DIRECTLONS
You will have twenty minutes (20) in which to s tudy
the following passage entitled 'The Urban Climate'. The"

| passage is eight (8) typewritten pages long.

Pay particular attention to the illustration

included with the passage, and refer to it while

you are reading. It has been dés,igned to assist ' ' ’

material. ‘

you in remembering and comprehending the p’rint J

i

Please attend to .the pasSaée very carefully; because.
you will be asked to write down as much as you can remer'nber
from the passage once you have finished. The final task is
a twenty-five- (25) item multiple-choice test which 'will

. assess how well you unde rstood ahd'r§m>embered the information

contained in the illustration and iri the passage“.

‘.

, If you have any questions, please raise your hand and

you will be a;sisted. >

: i ' PLEASE DO NOT TURN THE PAGE
UNTIL INSTRUCTED TO DO SO. -
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The Urban Climate

If the dbject of building construction is to create an
artificial climatic environment in which the optimum ’
physiologic needs of man are met, }:hep' it haf,been highly
successful. Given present day technology.and sufficient f}ﬁlds,
it is possible 'toproduce an intex"ior environmerit in which light,
heat ﬁnd humidity conditions can be regulated to meet any
contingency. The construction of such an intermnal environment
however, cannot be achieved without modifications of the pre-
existing external conditions and as a by-product of meeting
human living requirements, a new sét of climatic conditions
are created.

Buildings that are designed for control ‘of their internal
climates also affect the microclimates in their vicinities by
influencing air movement, heat exchange, and moisture £f1lux.
Anyone who has contrasted the microenvironment over a hot
pavement with that over a green lawn haé a practical appreciation
of man's influence. Roads are common]:y drier than adjacent ian'd,
have a lowei' albedo and are more likely to be.travelled by sources
of atmospheric pollutants. The construction of an embankment
across a small valley can disrupt air flow and credte a
- distribution of temperature that is reflected in'the composition
of pla;lt communities. The effects of factories, parks and swamp

drainage are additional ramdom examples that illustrate the ways

id which man and his works modify climate on a small scale. Any




.
change in albedo, water capacity and retent_ion, evaporation, -
“transpiraAtion, or 'sqrface roughness may produce a change in
climate, but the results ‘are complex, difficult to measure
( . R and not eashily"predicted.

The city, like i}ts surrounding- countryside, is immersed m}
the lower layers of the earth's atmosphere, and it is the:
properties and behavior of this £luid and the way the city shares
its' energy with the atmosphere thgt provide the dominant link
between man's urban activities and the climate he lives in.

The individuality of any climate relates to the flux of
energy that arrives at a surface 'and the manner of its subsequent
distribution. The amount of energy received af a surface depends
upon earth-sun relationships together ‘with the way in which the
solar beam is modified as it passes through the atmo.sphere or 1is
reflected from the surface.

On an annual éverage, downtown urba;z temperatures at Or near
the surface are T',.characteristically higher than in the surrounding
countryside. This annually averaged difference ::LS typically of
the or‘der of 1° F. but depends on the size of the city, the
latitude, and the amount of energy conversibny. ‘The strongest
contribution to this annual aver;gg comes from '‘fair weather"
situations, in which the city and the countryside both warmup
during the day, but the countryside cools .?off more rapidly. By
1at'e'afternoon or early evening the city has become definitely
warmer b; comparison, and the magnitude of-the temperature

\ o

-

vl




differeﬁce continues to grow for some time after sunset. This
passive different:}al cooling mechanism can be aided consideraply
by artificial energy released within the urban complex. Heat
generated by domestic space heating, transportation. and industrial
activitie; do;11inates the’wint.er ener gy budgets of many northern
cities and leads to the fprmation of strong 'heat iSlands.' on
clear winter nights. ’

In summer and early autumn, heat islands are sometimes
barely detectable dﬁring the da).{ but oft.en e xhibit temperature
excésses of 10° F. or more, which strongly affect the annual
a\'rerage. Winter heaf islandf exhibit a weaker variation but can
Silow more extreme urban-rural difference‘s. The heat island of a

&  (REFER TO PICTURE 1) |

large city will generally show a plateau of elevated temperatures,
which slopes gently away f}om the center, surrounded by a heat -
cliff in the suburban regions where the temperatures fall off
rapidly to match those of the surrounding countrysidé. The
plateau will exhibit local maxima corresponding to.-energy-intensive
indus.try, and the-cliff will beleroded by local topographic effects
due toﬁ local vailey drainage winds and lake or sea breeges . . The
amount of warming which occurs with a heat island correlates wi
a cities growth rate. In consequence, as the heat islland eicp‘ands \
and intensifies ,\ stronger and strongef regional winds are needeci- \\

- to overcome it and dissipate the heat beyond the city. However,

it is unwise to consider the heat island of surface temperature

’
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excess without considering the way, in which the city shares its
energy with the atmosphere boundary layer in which it is
immersed. o '

Net radiati‘fbn is a term used to describe a heat gain by day
and a heat loss by night in.both the city and the surrounding-
countryside. Solar radiation over the city is ma‘rkedly"weakened
by having to penetrate the pollution haze ( and hence tends to
be strongest at weekends when there is less pollutlon ). About
80% of the solid contamlnants 1n the urban atmosphere are in
the form of particles that are small enough to remain suspended
for several days. Although these particles collectlvely tend to
reflect solar rad1at1on thereby reduc1ng/(g emount of radiation
reaching the surface, they also tend tﬁ/ retard the out-flow of
heat, . ' o |

T‘he varied geometry of a city skyline introduces a high

(REFER TO PICTURE 2)
degi'ee of surface roughness into ‘the landscape which exceeds that
of most rural areas. The chief impact of this (aero&yn’%mic)

A

roughness is on the air flowing over the urban surface, so that
;

mechanical turbulence is set up. 'fhe total effect of this

8 14

frictional drag- is to reduce windspeeds within the built-up area,
although 1oca1'i zed turbulence and eddying leads ‘to marKed ‘
increases. Investigations suggest tﬁat the roughness increases
with the width of the building and the square of its height, but

is inversely proportlonal to the 'size of the lot occupled by the

(

—



building. ﬁadia;ion from below‘also causes the heat island
ig'c/': act as a mound barrier to’ surface dir flow. This also
éroportionately lengt\}\lens the time required for the wind to .
‘flush aif pollutants fro&n\ the city." - .
Different surfaces al\s_o‘ have different reflective
(REFER TO PICTURE 3)

characteristics and the city compris/es a multitude of surface
varieties/which function like a maze of reflectors, absorbing
’ some of the energy tﬁey receive and directing muéh of the rest

to other‘absqrbing surfaces. It is also note-worthy that the

verticél exteﬁt of city buildings will further cause the overall .

amount of reflection possible to vary markedly even within the -

city. and to continue even while the sun is low in the sky.

Modification of a surface can also modify the net radiation

by altering the albedo. The city has a lower albedo because of

the darkly coloured streets, so that it absorbes solar radiation

befter. "The greater thermal conductivity of the urgkan fab'ric

‘results in a copsiderablx enhanced storage of heat]. The sqil

heat flux is a,'[surface loss by day and 4 gain by night in both
*environments. /In the cit'y hoyever, this flux‘ is -partly replaced

by fluxes into and out of the concrete‘and tarmac ofﬂroads and v

. buildings, therefoi‘(e‘ théy have a higher ‘heat tapacity than the

soil of rural areas. N . .
(REFER TO PICTUIéE 4) S , ‘ \ , w

x

In rural areas, the ground receives ‘heat, during the day

/ \ . 0
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- the grass blanket keeps heat from ffowihg“intq\;he soil. This '

and cools off during the night, but vegetation acts as an

insulatiqélﬁlanket ( in large part by t}épping'still air a
~. L ,

through which heat moves slowly ). The soil heat flux

» . \ .
 contained in the ground is therefore reduced.- During the day,

¢ oo

would leave more at the %urfade to heat the air except that
evapotranspiration from the vegetation helps to-igwer N ;
. AN

temperatures. At night, the temperature at the top of the grass

\

drops owing to re-rddiation back to the atmosphere, but the

’

insulating blanket prevents cpnsiderable heat flow from the soil

below..( "
The rapid runoff of rainféll caused by the impérviousnessf N
_ (REFER TO PICTURE 5) o
of the surfaces of roads and .roofs as well as by tﬁe,drainage~ Ll

system is another major effect of cities. This waterproofing

involves a hydrologic chadnge with climatic consequences. Except -
in limited green areas and parKs, the pathways taken by moisture

is quite limited in the city. Transpiratioﬁ, infiltration ( to
/
:both ground and soil water ) and evaporaticn are radically reduced.

The amount of surface standing water is reduced to a minimum with

-~

the result that energy available for latent heat is increasé&d
significantly. This.is significant because the evaporation

brbcess removes heat from the air ( approximately 600 calories for

4

every gram of water evaporated ) and hence has a cooling effect

at the earth's surface. -



Y | .
The heat island is-not merely a surface effect. A few ¢

hnndred meters of the atmospheric boundary layer are also heated

' and special wind effects are sometimes observed. One such

y .immediate consequence of the heat island is increased convection

LY v

over cities, especially in the daytime. THis has been beautifully
demoqstrated‘by the 1ift given to constﬁht-volume balloons
" launched across cities.- The up-draft leads, togéther with ‘the

{
large gmount of water vapor released by combustion.processes

s

a potent fattor in the increased rainfall reported from cities.
e

v

, . Q(REFER TO PICTURE 6)

Even at night the heating from below will counteract the radiative

r

\
cooling and preduce a positive temperature lapse rate (temperature .

which'increases with increasing altithde), whilezdfféhe same

time inversions form over the undisturbed countryside. AThis
together with the surface temperature gradient, creates a pressure
field which wili set a‘d6nchtr;c country breeze in motion. This

localized rural-urban circulation pattern does, not accelerate

. . v

because the buoyant 1ift of rising warm air is balanced by

friction due to the aerodynamic roughness of the city.

i

¢ . ) '
"In sum, a city's effect on its own,climate is complex and

far reaching. ' Questions of the significance and desirability of
the weather changes wrought by urbanization have only recently

been considered. Since some of the urban-induced changes have

n

occurred gridually they have been difficu1t<t%_measure'

and steam power, to increased cloudiness over cities. It is also

A v e b e A
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qu ntitatively and therefore unrecognized by the urbgn-dwellei.
No tﬁ\t\urbanlzatlon is nearly universal, many urban dwellers
have suddenly become aware of nume rous urban- 1nduced weather
changes. : ‘ C S
In general, the urban-induced ehanges in weatherltypes

are considered highly undesirable. Such-chhnges include

increased contaminants, higher warm-season temperatures, lower

winds, added fog and decreased visibility. However, certain

urban related weather changes are desifable, including increased
temperaturés in winter, and additional rainfall to cleanse the
air and increased precipitaeion in downwind agricultural areas.
The spat1a1 extent of an urban are% alteratlons of
weather and climate is 11m1ted Many of the changesngre trul)'
local and exist- largely within the complex and a few hundred

feet above it. A few other.changes,”particularly to visibility,

clouds and rainfall, eften extend 30 te S50 miles downwind and

"

produce mesoscale changes. The effects of inadvertent urban--

related prec1p1tat10n ipcreases have long been #eallzed in
-+
surface -runoff, and in agricultural production ;nd groundwater

quality.. .

-

The most significant question relating to urban effects on

weather concerns the poteptial combined effects of growing

megalopolises. Will {pey only be additive‘or is it possible

they will trigger changes in macroscale or éven global weather?

S s
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) . .- DIRECTIONS

. You will have twenty minutes (20)¢in which 'to,study
~. "the following passage entitled 'The Urban Climate'. The _o

Pl

v

passage i; eleven (11) typewritten pages long. |

\

—

Pay particular attefition to the illustratibams -

embedded in the passage, and refer to them while
you are reading. They have been designed‘to assist
you in remémbering and comprehending the print

material.

L}

Please attend to t?e passage véry carefully, because
IYou will be a;ked to yrite'down as much as you'cth;emember‘ g
from ;he\Fassage«once you haﬁz finished. The final task is -
a twéﬁty-five (25)‘igem multiple-choice tgst which will -
assess how well you-understood and femehberedvthe~in£oxmation¥~ T
| N .

contained in the illustrations ‘and in.the passage.

»

g}If you have‘any questions, please raise your hand and

you will be assisted. ..
. . T B Y

- ‘ "
PLEASE DO NOT TURN THE PAGE ‘
UNTIL INSTRUCTED TO DO SO.




s - The.Urban Climate .
If the object of bulldlng constructlon is to create an

artificial cllmatlc envlronment in which the optimum’

Y .
3

physiologic needs of man are met,_.then it has been highly

successful. Given present day technology ‘and sufficient funds,

LY
1]

~it is possible to proSiuce an- interior environment in which 1light,
heat and humidity -conditions can be re;'gulatea.to meet ;iny
contingency. The construction of such’an internal environment
howevér, cannot be achieved without modifications of the pre*
existing externél conditions 'and'as a'l}y—p‘roduct of meeting‘
human 1living requirements, a ﬁew set of clima'tic cc;nditions
are created. : ‘ ' - |
Buildings that are designea- for control of their internlal
climate's" also affec'"c:ﬁ;:gthe microclimates in their vicinities by
influéncing air movement, heat exchange, and moisture flux.
Anyone who has contrasted the microenvironment over a hot

pavément with that over a green lawn has a practlcal appreciation

.4

A

~

/

™~

of man's influence¥ Roads are cofnmonly drler than adjacent land,

have a lower albedo a)nd are more llkely to be travelled by sources

of atmosphefic pollutants. The construction of an embankmentaﬂ N

-

across a small valley can disrupt air flow and create a

distribution of temperature that is reflected in the composition

’

of plant communities. The effects of factor(\ie's-,\parks.and swamp
'

drainage are additional ramdom examples that illustrate the ways

in which man and his works modify climate on a small scé'le,%Any
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change in albedo, ‘water capacity and retention, evaporation,

transpiration, "or surface .roughness may produce a change in

climate, but the results are complex, difficult to measure

and not easily predicted.

— The city, 1ike its surrounding cduntryside, is immersed in

. the lower ‘layers of the earth's atmoéphere, and ‘it is the .

propertles and behavior of this fluld and the way the c1ty shares
its energy wit}{ the atmosphere that provide the dominant link
between man's urban activities and the climate he lives in.

The' individuality of any climate relates to’the flux of
energy that arrives at a surface and the manner of its subéequent
distributioﬁ. The amount of energ); received at a surface depe)nds
upon earth-sun relatignships togefher‘ with th;e way in Awﬂhich the

ey

solar beam is modified as it passes through the atmosphere or is

)

reflected from the surface. ' !

¢

On an annual average, downtown' urban temperatures’ at or’ near

the surface are characterlstlcally hlgher than in the surrounding

WﬂﬁWﬁiy Weraged d1fference is typically of

the order of 1° F. but depends on the size of the city, the

latitude, and the amount of energy conversmn. The strongest
contribution to ,thls annual average comes from "fair weather"
situations, in which the city and the countryside both warmup
during the day, but the countryside cools off more rapidly. By'
late aftelrnoon or early evenin‘é the city has become defin\ite_iy'

T

, . . . . \
warmer by comparison, and the magnitude of the temperatute—_

~

]

X
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. di‘i:'ference continues td grow“for some time after sunset. »'Thlis
passwe dlfferentlal cooling mecharusm can-be aided
con51derab1y by artificial energy 1ea5ed w1th1n the urban
complex.) Heat generated b:y domestic space heating, &
t}ahsportation Iaﬁ'd industrial activities dominates the winter

| energy budg_e';s of many northern cities and leads to the
formation.of strong 'heat island;c,' on clear winteT nights..’
-In épmmer an‘d early autumn, heat islanfs are sometimes ‘
'bareiy dete}:table’durix}g the day but often exhibit temperature

~excesses of 10° F. or more, which strongly affect the annual

average. Winter heat islands exhibit a weaker variation but

can show more extreme urban-rural differences. The heat island
Ve

» ! -

1

~ o y
T R Heat iIsland .

.
-

(REFER TO PICTURE) of a large city will generally show a plateau
of elevated temperatures, which slopes gently away from the center,

“surrounded by a heat cliff in the suburban regions where the
o . ' " : v ‘
RN



te'm‘perat/\,xrés fall off rapidly to match those of the surrounding

-

countryside. The plateau will exhibit local ma—xima
corresponding to energy-intensive industry, and the cliff will
be eroded by -1ocal topograpﬁic effects due to loc®l valley .

drainage winds and lake or sea breezes.' The amount of warming

v - N
-

which occurs with a heat island correlates wit]}~ a cities growth -

rate, In consequence, as the heat island expands and intensifies,/

stronger and stronger regional winds are needed to overcome it
a;xd dissipate the heat beyond ~t.he city. AHowever, it is unwise to
consider the heat island of surface temperature excess without
considering the way in which the city shares its .energy with the
a‘tm'ospherequ'undary layehr in v\;hich it is immersed.

Net radiétion is a term used to describe a heat gain by day
and a heat loss by nigiﬁt in both the city/ and the su,r.roundi'ng
cour;tryside. Soiar radiation over the i}y is markedly weakened
by having to penetrate thé pollution haze ( and hence tends ﬁp
be strongest at weekends, when there is less pollution ). About
80% of the solid coZtaminants in the urban atmosphere are 1in the

form of ‘particles that are small enough to remain suspended for

several days. Although these particles collectively tend to

reflect solar radiation, ‘theréby reducing the amount of radiation

reaching the surface, they also tend to retard the out-flow of

v

heat. ) | /

/
The varied geometry of a city skyline introduces a high

n‘ +

*
.
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(REFER TO PICTURE) degree of suffacg roughness i;lto\ the
1a1;dscape which exceeds that of m;)st rural areas. The"chief'
impact of this (ae}odyna,miJc) roughness is-on t air flowirirg
over the urban surface, so that mechanical tr&ilence is set up.
The t(:)tal' effect of this‘fri?tional drag is.to reducé windspeeds
within the built-up area, although localize;l turbulence an
éddying leads to mar]ged' increases. Investigations su}ggest\‘\tha;t
the roughness increases with the width of the building and the
square of its he’i‘g}’xtu, but is inversely propb‘rtional to the size‘
of the lot occupied by the building. ,}%gdiation from belqw also
cayses the héat island to act as a ﬁlf)uL\\d barrier to surfaée air
flow. This also proportionately lengthens the time r‘e'quj.red‘for

the wind to flush air pollutants from the city. ' -

Different surfaces also have different reflective

C e
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solar

radiation

oot s, Jprpepm—. SV ST

(REFEIi TO 'PICTURE)‘ characteristics and the city comprises a
multitud;e’ of surface varieties which function like a fnaze of
reflectors, abso'rbingn some of the energ& t\hey receive and
directing much of‘the’;‘est to other absorbing surfaces. It is
also note-worthy that the vertical extent of city buildings will
further cause the overall amount of refle‘ction possible to vary
markedly even within the city and to continue even while the
sun is low in the sky. : ' )
‘Modificgtion of a surface- can also modify- the net radidtion
by altering the albedo. The city 1h§s a lower albedo because of
the dgrkly coloured streets, so that it absorbes solar radiation
better. The greatei‘ thgrmal' conciuctivity of the urban fabric

results in a considerably enhanced storage of heat. The soil

heat flux is a surface loss by day.and a gain by night in both

e
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environments. In the city howeyer, this flux is partly
replaced by fluxes into and out of the concrete and tarmac of
roads and buildings, therefore they have a higher heat capacity

than the qgil'of rural areas. ‘

R
Latent Heat
trapped

~evapotranspiration

o
S

In rural a%eas, (REFER TO PICTURE) the ground receives heat
during the daf and cools off during the night, but vegetation
acts as an insulating blanket.( in large part by tfappiqg still
'air throdgh which heat moves slowly ). The soil heat flux
contained in the ground 1is therefore redgced. During the day,
the grass‘blanket keeps heat from flowing into the soil: This

would leave moTe at ;Qersurface to heat the air except that

1]

»

evapotranspiration from the vegetation helps to lower
femperaturqs. At night, the temperature at the top of the grass

drops owing to re-radiation back to the atmosphere, but the

)
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inéulating blanket prevents considerable heat flow frém the

o
»

s50il -below.

fﬁe'rapid runoff of rainfall caused by the imperviousness

. t/

Artificial
and
‘Latent Heat

13

’

(REFER TO PICTURE) of the sﬁrfaces of roads and ypofs as well
as' by the ﬁrainage system is another majpr effect of cities.

_ This waterproéfing involves a hydrologic changp,witg&climatic
consequencés. Except in limited green areas and parks, the
pathways taken by mo;stﬁre &s quite limited in the city.
Transp¥ration, infiltration ( to both'ground and soil water )

\ o

-and evaporatién are radically reduced. The\amohnt of ‘surface

i -

standing water is reduced to a minimum withtthe result that

& ca ' , .. S e
energy available for latent heat is increased significantly.

This is significant because the evaporation process removes heat

from the air ( approximately 6C45§mlories'for every gram of water

- -
3 4
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" evaporated ) and hence has a cooling .effect at the earth's

surface. : i

£

The heat-island is not merely a surface effect. A few

hundred meters of the atmospheric boundary 1a§er are also
»

. heated and special wind effects are sometimes observed. One
: A

: . )
such immediate consequenée-of the heat island is increased
. A A .

N ~ convection g>g§ cities, especially in the daytime. ‘This ﬁas

been beautifully demonstrated by fie 1ift given to constant-
. volume balloons launched across éitié;. The up-draft leads,
.togetherlwifh the 1érge amounf of\watér vapor felqased by

+ .combustion processes’and steam power, to increased cloudiness

: < :
! . over cities. It is also a potent factor®in the increased

-

rainfall reported from cities. Even at night the heating from

S f - 4 ’ tay
.

N ' Y 4 ‘
. ' '(REFER TO PICTURE) below will €ounteract the radiative cooling

3 Cys -
and produce a positive temperature lapse Tate ( tempecrature

. . . - P

. ‘!
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which increases with incre;sing a}titude ), while at the same
time inversiéns form over”the undisturbed countryside: This
localized rgfal-urban circulation pattern does not accelerate
because the bﬁoyant 1ift 6f‘pisiqg warm air is balanced by
frictionAdue to the,aerodynamié,roughness of the city.

In sum, a éﬁty's effect on its own climate is complex
and far reaching. Questions of the significance and

-

desirability of the weather changes wrought by urbanization

!

have only recently GEen considered. Since some of the urban-
. 4

i

induced changeé have bccurred graduaily they have beéﬂjdifﬁic&}t
to measure quantitatively ana threfore unrecognizea by the . \
urban dweller. Now that urbanization is nearly universal, many
ﬁrban dwellers have suddenlx become aware of numerous urban-
induced ' weather changes. o | .

In general’, the urban-induced cﬁanges in weather types are
considered highly undesirable. Suéh changes include increased
contaminants, higher warm—seaséﬁ xemperaturés, lower winds,
added fog and'decreased vigibility. However, certain urban

related weathgr. changes are desirable, including increased

temperatures in winter, and additional rainfall to cleanse the

N )

air and increased precipitation in downwind.agricultural areas.
]

" The spatial extent of an urban area's alterations of

s

weather and climapé/is limited. any of the changes are truly
local and exist largely within the complex and a few hundred

-

feet above 'it. A few other changes, particularly‘tofvisibility;

-
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~related precipitation increases have Jlong been\realized in

clouds and rainfall, often extend 30 to 50 miles downwind "and -

v

produce mesoscale changes. The effects of inadvertent urbanj
. N \ -\ e— )

7

I

.

surface runoff, and in agricultural production\gsd groundwater

quality. :

The most significant question relating to urban effects on

-

weather concerns the potential combined effects of growing

megéloﬁolises. Will they only be additive or is it possible

they will trigger changes in macroscale or even glbbal

s

weather?

~
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You will have twenty minutes (20) in which to TN~
*

study the following passage entltled 'The Urban Cllmate'
The passage is eight (8) typewritten pages long.

Flease attend to the passage very carefully, because
you will be asked to write down as much as you can remember
from the passage once you have finished. The final task is
a twenty-five (25) item multiple choice test which will
assess how well you understood and remembered the information
contained in the passage. \\ . -

Qif you have any questions, please raise your hand énd

you wil% be assisted.

v

/ / E !

PLEASE DO NOT TURN THE PAGE
« ,UNTIL INSTRUCTED TO DO SO.
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The Urban Climate

If the object of building construction is to:create an
artificial climatic environment in which the optimum physiologich
needs of man aré ﬁet,.then it haévbeen highlf success%ul.

Given present aay technology and sufficient‘funds,‘it is possible

to prodUcé an interior environment in which 1ight, heat and -

humidity qpnditions'can be regulat?d to meet any contingency.

The construction of such an internal egvironment hoﬁever, cannot
be achieved without modifications of the pre-existing external
conditions and as a by-product of meeting human lividg require -
ments, a %Fw set of climatic conditions are created. o
Buildings that are de51gned for control of their internal
climates also affect the microclimates i their vicinities by
influencing air movement, heat exchange, énd'moisture flux.
Anyone'who has contrasted the microenvironment over a hot gévement
with khatqover a green ,Jlawn has a practicallappreciatidn of man's
influence. Roads are commonly drier than adjaciggoland, have a
lower albedo and are more likely to be travellea by sources of
atmospheric pollutants, Thv)construction of&aﬁ eﬁbankment across

a small valley can disruptfgir flow and create a distribution of

temperature that is reflected in the composition of plant

communities. The effect$ of factories, parks and swamp drainage

: . ‘
are additional ramdom exapples that illustrate the ways in which

man and his works modify climate on a small scale. Any change

r {

in albedo, water cadpacity and retention, evaporation, transpiration,

&
2
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or surface roughness may produce a change in climate, but the

1

results are complex, difficult to measure and not easily
predicted. - < ' '

ﬁghe city, 1ike its surrounding countryside, is immersed in the
lower layers of the earth's atmosphere, and it is the propertles

-

and behaJLor of this fluid and the way the city shares its energy

with the

~

tmosphere that provide the domlnant/llnk between man's"-
urban activities and the climate he lives 1in.

The individualify of any climaté relates to the flux of
epergy that arrives at a surface and the manner of its sﬁbsequent
distribution. The amount of energy received at a surface depends
upon earth-sun _relationships together with the way'in which the
soﬁa? b;am is modified as it passes through the atmoéphere or is

reflected from the surface.

On an annual average, downtown urban temperatures at or near
the surface are characteristically higher than in the surrounding
countryside.. This annually averaged difference is typically of
the order of 1° F. but depends on the size of the éity, the
latitude, and the amount of energy convefsion, The strongesf\
contribution to -this annual average comes from '"fair weather"
situations, %n wh?ch the city and the countryside both warmup
during the day, but the 'countryside cools off more rapidly. By
late afternoon o} early evening the city has become definitely

warmer by comparison, and the magnitude of the temperature

difference continues to grow for some time after sunset. This

passive differential cooling mechanism can be aided considerably by

{
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artificial energy released within the urban complex. Heat

1

generated by domestic spacb heating,'transportation and
y .
industrial activities dominates the winter energy budgets of

many northern cities and lehds to tE? formation of strong

\

'heat islands' on clear winter nigﬁts.

In summer and early autumn, heat islands are sometimgs'
‘barely detectable during the: day but often exhibit temperature
excesses of 10° F. or more, which strongly affect the annuai w

. avérage. Winter heat islands exhibit a weaker variation but can

show more extreme urban-rural dffferences. The heat island of a

g

large city will generally show a plateau of elevated temperature$,
whiph slopes gently away from the-center, sﬁrrounded‘by a heat

cliff in the suburban regions where the tghperatures fall off

°

rapidly, to match those of tge surrounding Eountryside. The

piateau will exhibit local maxima corresponging,fo energy -

intgnsive indgstry{ and the cliff will be eroded by 1local
/

topographic effects due to local valley drainage winds and 1lake

or sea breezes. The amount of warming which occurs with a heat _

Ed13

\island correlates with a cities growth rate. 1In consequence, as
ﬁhe heat island expands ‘and intensifies, stronger and étronger
r:gional winds are needed to overéome it and dissipate the heat
beyond the city. However, it is unwise to consider the heat
islgpq of surface ﬁfmperature éxcess without considering the.way

1

_\xin which the city shares its energy with the atmosphere boundary

L . '
“layer \in which it is immersed.
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TN _.rNet radlation is a term used to describe a heat gain by day
and a heat loss by night in both the city and the surrounding -
countryside. Solar radiation over the city is markedly weakened

by having ,to pénetrate the pollutioﬁ'haze ( anﬁ?hfnce tends to be

~ o ® .

i ) . & .
’\\_////strongest at weekends, when there is less polluti&n ). About
. 1

80% of the solid contami?ant& in the urban atmosphere are in the
form of particles that a%e small‘enough to remain suspended for-
several days. Although %hese particles collectively tend to
reflect solar radiation,jthereéy reducing the amount of radiation
reaching the surface, thLy also tend to retard the out-flow of heat.
The varied geometry \of a cit& skylineﬁintroduces a high
degree of surface rouéhne s into the landstcape which exceed; that
of mbst rural areas. The chief impact of this  (aerodynamic)
roughness is on the air flowing dvef the urban surface, so that
mechanical turbulénce is set up.' The total effect of this
frictional drag is to reduce windspeeds within the built-up area,
although localized turbulence and eddying leaﬁs to marked
increases and gustiness under certain conditioAs. With increasing
roughness the height of the windlayer "affected also increases.
Investigationg suggest that the TOUghnéés increases with the width
of the building‘and the square of its height, but is inversely
proportional to the size of the lot occupied by the building.
Radiation from below also causes the heat island to act as a '
mound barrier to surface air flow. This algo proportionately
lengthens the time required for-:the wind to flush air follutants .

v

from the city.
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Different surfaces also ha&e,different refle;tive
-characteristicé and the city comprises a muititude of surface
varieties which function iiké a maze Yf reflectors, absorbing
some of the energy they receive and directing much of the rest
to other absorbing surfaces. It is also note;worthy that the
vertical extent of city‘QH}ldings will further cause tﬂe‘overall
amount of reflection pbssigigxfo vary markedly. even within the
city and to continue even while the Sun is low in the sky.

Modification of a surface can also modify the net radiation
by altering the albedo. hThe city has a lower albedo because of
the darkly coloured streets, so that it absorbes splar radiation
better. The greater thermal %onductivity of the urban fabric
results in a considerably enhanced stolage of heat. The soil
heat flux is a surface loss by day and a gain by night in both
environments. hf£ the city however, this flux is partly replaced

'

by fluxes into and out of the concrete and tarmac of ro§ﬂ§ and
buildings, therefore, they have a higher heat capacity than the
soil of rural areas.

| In rural areas, the ground receives heat during the day and
cools off during the night, but Vegetation,acts as an
insulating blanket ( in large part by ‘trapping still éir through
which heat moves‘slowly ). The soil heat flux contained in the
ground is therefore reduced. During the.day, the grass blanket

keeps heat from flowing into the ground as rapidly, so there is

less heat stored in the soil. This would leave more at the

o
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surface to heat the air excépt that evapotranspiration from the
vegetation helps to lower temperatures. At night, the
temperature at the top of the grass draps‘owing to re-radiation
back to the atmosphere, but the insulating blanet'prevents
considerable heat flow from the soil below.

The rapid runo%f of rainfall caused'by the imperviousness’
of" the surfaces‘%f roads and roofs as .well -as by the'érainage
system is another major.efﬁect of cities. Th{s waterproofing
involves a,hydrologicxghange with .climatic consequences. Except
in limited green areas and parks, the pathways taken by moisture-
.is quite limited &n the city. Transpiration, %nfiltration (to
both ground and soil water) and evaporation are radicallf reduced.
The amount of surface standing‘water)is reduced to a minimum with
the result that eﬁergy availaple for latent heat is increased
significéntly. This is significant because tﬁe evaporation
process removes heat from the air ( approximately 600 cgiories
for every gram of water eQaporated ) and hence has a cooling.
effect at the earth's surfate. |

However, it must be noted that the production of water vapor
and steam as ; by-product of various combustion processés are
indigenous to the urban environment. The artificial heat source
is dependent on- the release of wfste heat By domestic furnaces,
industries, car and other vehicles, and a variety of other sources.
The amount of heat released is considérable. In the urbanized
areas the rejected energy has alregdy become a measurable fraction

of the energy received from the sun at the surfacc of the earth.

{« ’ - .
% .
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The’heet island is not merely a surface effect. "A few
hundred meters of the atmospheric boundary layer are also heated
and special wind effects are sometimes observed. One such v
immediate consequeﬁce of the heat island is increased convection
over cities, especially in the' daytime. This has been beautifully

-

demonstrated by the 1ift given to constant-volume bailoons thqt
have heen launcied across+cities. The up-draft leads, together
with the large amount of yater vapor released by combustion
processes and steam power, to increased c%?ﬁﬁiness over cities.
It is also a potent factor 1in the increased rainfall reporteﬂ

from cities. Even'at night the heating from below will counteract
‘the radiative cooling and produce a positive temperature lapse rate
(temperature wh1ch increases w1th 1ncrea51ng altltude), while at
the same time inversions form over the undisturbed countryside.
Thie together with the surface temperatere gradient, creates a
pressure field which will set a.copcentric country ¢breeze in
motion. - This 1ocelized’;ural-urban circulation pattern does not
accelerate -because the buoyhnt 1ift of rising warm air is balanced
‘}by friction due to the aerodynamic roughness pf‘tﬁe city.

In'gum, a city's effect op its own climate is complex and

o

far reaching. Questions of.the significance and desiragility of
the weather chahges wrought by urbaéization haveronly recently
been considered. Since some of the urban—@nduced changes have
occurred gradually they have been difficult te measure

. quantitatively and therefore unrecognized by the urban dweller.




S

EN

113

e

Now that urbanizatiqn is nearly universal, many urban dwellers
. - . . a

have suddenly. become 'aware of numerous urban-induced weather

changes:

In general, the urban-induced changes in weather types are

considered highly undesirable. Such changes‘include increased

contaﬁinants, higher warm-season temperatures, lower wind$, added
. fog and decreaéed visibility. However, certain\urbaﬁ related - i
' weather changes are desirable, including increased temperatures

in winter, and additional rainfall to cleanse the air and 1

increased precipitation in downwind agricultural areas.
v N Y

- .

The spatial extent of an, urban area's alterations of weather
and climate is limited. Many of the changes are truly local
anq exist largely within the complex and a few hundred feet above
it. A few ofher changes, particularly ko visibility, clouds and
;ainfall, ofteg extend 30 to 50 mi1e§ downwind and-produke
mesos&ale changes. The effects of inadverfent urban-related
precipitation increases have been realized in surface runoff, and,

in agricultural production and groundwater quality.

The most significant question relating to urban effects o

\
v

weather concerns the pbtential combined effects of growing
megalopolises. Will they only be additive or is it possible

they will trigger changes in macrosca® or even global weather?
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] * TEST DIRECTIONS
o . ‘ ) . )
.- . This test gonsists of twenty-five (25) multiple choice
questions which were derived from the article.
You shduld find an answer sheet’included in the -envelope.
You are asked to use this sheet to respond to the questions.
e ' Please answer all qugstiong. If you don't know or are

unsure which of the options is the correct one, you are asked

to select the one which you believe is most likely to be

correct. . ~
-~ h
. EXAMPLE: . -
' Q # 1. The Prime Minister of Canada is named:

)
a. John Denver

b. Margaret Thatcher
d?% Pierre TrEdeéu
- ) d. Margaret Trudeau 4
v - 7 L3

s

-

Clearly, the correct answer, is (c) and you would indicate
[ 3
|
this by circling (c) beside ‘the appropriate question on your

answer sheet:

- INUSYOR ‘ -,
B / Should you make a mistake and ‘wish to change your.answer,
» simply cross out your original selection with an "X" and then

circle your new choice:

L4

~ | A
‘ 1, (:) B D - : :
\ i .
Before you begin.... DO YOU HAVE ANY QUESTIONS?

* \
Al . « [y

ng
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1. What role does: vegetatlon play in reducing the 5011 heat

. flux 1n rural areas?
v ‘ ¢

: a. it absorbs heat at greater depths so less is
. available at the surface to heat the air
b. solar radiation 15 more ea511y reflected from ¢
T the surface .
. ' o .
-/‘ . c. retards heat absorbtion and heat release

1

d. ' traps water vapour which cools the air

e
-

]

.
[+})
. O
o
3
©

— ;
o — w
X n: n \ .
\ . o E P -
a o g
1L 8 ) N

- 2. The picture above best illustrates:

.- _a. airt, turbulence . ‘
b. urban circulation pattern .
c. positive lapse rate _
.S ,
B A 1 d. convection N s
N l\ ’ ~ . . l t
3. Urbanization modifié% climate principally by changing:
a. precipitation patterns S 8.
| b. vertical Wéﬁd distribution
S S c. ' the heat balanfe
) d.  the natural environment

S
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/
4. The shape and orientation of the above surfaces have a
strong bearing on the climate because:

a. radiation tends to be’ reflected ba7k to the
sky ' .
. b. any tendency for upward movement of air in -
. the space between buildings ‘is inhibited

©oc. vertical walls tend to reflect solar radiation
’ towards the %gound . :

d. heat retained in concrete buildings causes

. . air temperature to increase
) é

»

5. :The solid .contaminants foqu suspénded in the pollution
haze located over cities are made up of what percentage
of particles?

a.. 80%
b 78%

‘ c. 70% .
d., 68%
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You are out for an eévening stroll,
in the distance bordered by the countryside.
this evening’ happenslto be light.
7 what do you think is occurring?

a.

b.

warm air front

increased convection

you notice the city
The wind
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Given this information,

concentric country breeze

e
a fair weather situation

N (.

l

|

source of heat in many cities is:

a.

b.

solar energy

artificial energy

warm air inversions

latent heat -

In mid and high Yatitudes during the winter, the major

n

An experiment has demonstrated that when a snow or ice

surface is covered with a thin layer of black material
the energy balance is so modified that the snow will

- melt.

What exactly has been altered?

soil ground flux
insolation
albedo

net radiation
' 1
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0, What major contributién (s) does this illustration play
in altering the urban climate?
a. it is built of material that has a .different
’ energy balance in comparison to the rural fabric
"b. - releases excessive amounts of water vapour into
the atmosphere S
c. one of several elements which contributes to an
artificial release of energy into.the atmosphere
d. all of the above
1 .
10 The heat island is in some cases an entirely favourable
) effect, especially when: S .
' - a. industry is located down wind from the city
" b. cities are located in low latitudes
c. industry is located adjacént to wind drainage
valleys N
d. . cities 'are located in high latitudes
11 The contrast between urban and rural sur?ﬁces shows the

greatest difference in reflectivity and absorption of
radiation: : :

N
a. early in the morning
b. mid-day

L )
c. .early evening

- d. at sunset

RO }
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12, The effect of frictional drag in the downtown area of
a large city results in: .
o a. wind speed being lowered
b. increased surface roughnes
- 7

c. pollution count is lowered

d. heat island expansion

o . ’
A"I
runoff $ sewer
x \{ F'/
13. Consider the above illustration, what obvious éffect is
it having on the environment?
a. an aerodynamic effect
b. a thermal effect
¥
c. a mesoscale,effecgt
d. a hydrologig effect .
- 1 .
. ,/ >
14, A temperature build-up within the urban areca is often
referred to as:
a. heat island
b. moisture flux : o

c. heat sink

d. latent heat ,
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15.  The process where-by surface vegetation lowers the
air temperature is called: - .
R

a. transpiration .
b. evapdration -

C. evqpotranspiration

d. root respiration

i

16. With decreasing roughness the height of the affected
wind layer: ‘ :

'

.a. remains the same ' :
b. increases
EL (}zcreases‘ ' - ' . 1
d. none of the above ' T
. AN . ‘
-17.  Which of the following processes are not reduced in
thé urban environment? T -
a. transpiratiPn‘
ﬂ, ' evaporation

C. ,infiltratiqp

-d. precipitation.

1
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18. This picture best illustrates:
o 3 . .
a. the pollutants added to the atmosphere retard
the outgoing radiation
b. atmospheric boundary layers of this kind are
present over all cities
c. radiative cooling Efrom the ground ciills the
base ©of the boundary layer
d. because a city is warmer it loses more heat by
upward long-wave radiation
3 ‘té‘
19. The -urban heat balance has a profound effiect on the:
a. artificial heat
/\ * b circulation of air ' , “
' c. agricultural growing season
d. ' change in albedo ~

20. You are spending a hot summer afternoon
Manhattan. Aside from the more obvious
hazards, what other hazard is present?

a. heat stroke

in mid-town
crime_ related

b. sunburn due to increased ultraviolet radiatipn

C. bronchitis due to exhaust fumes

Id

- d. none of fhe above

-

from traffic



21.

22.

123

o
-}
-]
) R
-5 s, =

4

The hea'g,,emaﬁa?ing from the buildings and roads -
contributes directly to the: .

Ny o

b.

.

‘h‘umidity in the air

s0il heat flux ¥
amount of latent heat.

mechanical turbulence:

This summer you've decided to have an outdoor dinner
party for an albino -friend. Since your friend is
particularly. sensitive to light, you'll be serving
dinner at 7 p.m. on a rooftop terrace of a building

,located next” to a skyscraper. However, a wiser

‘friend chides you on your choice of location because:

a.

b.

the building is situated downtown, so there is
bound to be a heat island effect

the sudden strong gusts of wind will became
a nuisance

there is still a great deal of 1ight being
reflected off the skyscraper

. there is enough sunlight such: that - “your fr1end

could still receive a bad sunburn
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It is late afternoon in Montreal, -where would the
highest temperature of the heat-island be found?

a.
b
C.

d.

Beaver lake
Dorval airport
Place Ville Marie ’ - ~ .

Point St. Charles

]

Which season would one find the largest temperature
differehce between the city and the countryside?

a. Spfing
b. Summer
c. Fall
d.” Winter: ‘
l
~ nn»\‘nﬂ—?—Eﬂm
What is taking place in this illustration? . ’
a. it illust"rates the concept éhat the §1eat islaﬁ-d
is not merely a surface effect.
b. the wind is dispersing the warmth from the city
- downwind.
c. the urban heat island acts as a mound barrier.
to surface air flow. ‘
d. despite the strong winds, the urban heat island !

continues to grow in intensity.

]
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QUESTION\
‘ 'y No.,
' 1 A B
2, A B
3, A B
4, A B
5, A B
6, A B
/. A B
) 8, A B
9, A B
10, A B
11, A B
12, A B

h WHAT 15 YOUR MAJOR?
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R - " TEST -‘Part 1

oo .

\ ;

\Let us assume that the }eading of the article "THE
URBAN CLIMATE" was an 1n-class ass:.gnment on a course that
you are now taking. Let-us also assume that, beéore this .
class, .one of your friends advised you that she would be

. unable to make it but wanted you to be able to tell her
about .it so that she would not fall behind.

Please write down here, in complete' sentences, all
that you can .remember from the passage so that you.would
be able to provide a thorough briefing about the contgnts

-

when your friend returned.

<3

a2 aann
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(The Urban Climate) . SR

©

(If the c;bjécf of building constructi'on 1s to create an
artificial climatic environment)(in which the optimum physiologic
needs of man are metg\‘z(then it has been (highly) §uccessfu1’.) N
(Given present day £echnology and sufficient funds ,)(it is possible
to produ;:e an interi;r environmént}ﬁn which lig}{t,\(heat) and
(humldlty conditions) (:an be regulated to meet any contlngency)
(The constructlon of such an internal env1ronment however{ (cannot .
be achieved without modifications of the pre-existing éxternal
conditions) and (as a by-product of meeting human liying require-
ments ,)(a‘ new set of climatic conditions are created.) n

(Btlildingsr that are designéd for 'control of their interna‘1
climate’s)(also affect the m;croclimates)(in their v‘ic‘inities)(by
influencing. ait mov’ement,)(heat‘ exchange ) (and moisture fluxb
(Anyon;n who has contrasted the microenvironment, over a hot pavement)
(with that. over a green lawxﬁl(has a'practical)g(appreciation of man's
inflluetnce.) (Roads)@re. commonly. drier)(than adjacént land)have a

lower albedo) and (ar/e more likely to be travelled by sources of

atmospheric pollutants.)-{The construction of an embankment across
. v
sa small valley)(can disrupt air flow) and (create a distribution of

te%rature)(that is reflected in the composition of plant '

[
communitiesy (The effects of factories )(parks) and (swamp d'rainhge)
(are additional ramdom examples that illustrate the.ways in which

: ' N
man and his works modify climate;\(on a small scale)) (Any change
- i "

in albedo)) (warter capacity) and (retention )(evaporation ) Q:ra‘h_s piration,)

o
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‘(or surface roughness)(may pyoduce a c¢hange in climate J(but the
k&its are complexy(difficult to measureé) and(not easily
predicted.) |

(The c;ty, like 1its surrounding. countryside )(is immersed-in the °
lower layers of the earth's atmospherg,)(and it is the properties
and@ehavior of this fluid)and(the way the city shares its energy
with the atmosphez;e)(that provide the dominant link)(between ma{l's
urban activities)(and the climate he liwes in.) !

(The individuality of ény climate)(relates to ‘the flux of
energy that‘ arrives at a surface) and(the mannér Qf' its subsequent
distribt;tion.) (The amount of energy received at a surface)(depends
upon ea;thl-sun relationships)(together with the way in which the

solar beam is modtified).(as it passes througﬁ the atmos‘phere)(or is
reflected from the surface) : . :

(On an annual average )(downtown urb‘an temperatures) bt or near
the surface)(are characteristically higher than in the surrounding
countr‘yside.) (This annually averaged ,diffefence)(is typically of
the order of 1° F)(ut depends on the size of the city )(the
latitude ,)(and the amount of energy conversion.) (The strongest
contribution to this annual average){comes from "fair wealher"
situations y(in which the city and the countryside both warmup).
during the\'\day ,)(but the countryside cools off more rapidly,) <By
l’ate afterno\bn)(or early evening)(thé‘ city has beéome(definitely‘
warmer)(by comp\a\t\'\isc;n) and(the magnitude of the temperature
di fference _contil}\ges to grow for some time)@fter sunset.) l(This

passive differential cooling mechaniém)éan be ’aided dQnsiderably by

i
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artificial energy)(released within the urban complex) ( Heat)
(ggnerated by domestic space heating )(transportatlon)and
(industrial act1va.t1es)(dom1nat,es the winter energy budgetd(of
many northern ci}}es)(fmd leads to the formation of strong
‘heat islands"(on clear winter nights.) |
. (In summer) and (early autumn)(heat islands)@are sometimes
barely detectable)(durmg the day) but(often exhibit temperature
excesses of 10° F) (or more ,) whlch(strongly)(affect the annual
average.) (Winter heat islands)@xhibit a weaker Variation)@ut can
show more extreme)(urban rural differences.) (The heat island of a
* large c1t)DG«r111 generally show a plateau of elevated temperatures)
(whlch slopes gently away from the center,}@ufr}g)unded by a heat
cliff)(in tﬁe suburban regions)@here the teﬁpei‘atures -fall off
rapidly)(to match those of the surrounding countryside,) (The
plateau will exhibit local max.ima](corres.pondinog to energy -
"intensive industry‘,} and(the cliff will be eroded by'local
topographic effects){due to local valley 'drainage winds) and (lake)
(or sea breezes.) (The amount of warminé\@:hich occurs with a heat
island)(:orrelates with a cities growth rate.) (In consequence, as
the heat island expa’nds).(and intensifies,)(stronger and §tronger
regional winds are needed to overcome it)(and dissipate the heaf
beyond the city.) However, it is unwise to cénsi'der(the heat
island of surface témperature excess without considering the way

in w}uc}ﬁ(the city shares its energy)@lth the atmosphere boundary

layer)(in which it is immersed.)

!

P
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(Net radiation)fs a term used to describe a heat gain)(by daf)
(and a heat loss)(y night)(in both the city and the su‘rrounding

countryside.) (Sdlar radiation over the city is(markedly) ;veakened)

: (by having to penetrate the pollution‘haze}( and hence tends to be

“

strongest)(at weekendsh(v}hen there is less pollution ). (About
"80% of the solid contaminants)(in the urban atmosphere)(arle in the
 form of'partigles)(tha\t are sﬁall enough to remain sus’pended)&or,\
sgveral days.)'(Although these partigles)'(gollettively tend to
reflect solar radiation,)(thereby reducing the amount of radiation
reaching the surféce,)(they also ténd to retard the out/—flow of heat))
(The varied geometry of aucity skyline)(introduces a high
degree of surface roughness into the 1andscape)(which ékceeds that'
of 'most‘rural afeas.) (The chief impact)(of this (aerodynamic)
/foughness)'(is on the air flowing over the urban surface,) (so that
mechanical turbulence is set up) (The total effect)pf this
frictional drag)(is to reduce windspeeds within the built-up area,)
Qalthough localized turbulence and eddying)(leads to marked

increases and gustiness}(under certain conditions.) (With increasing

' roughness)(the height of the windlayer affected also increases.)

(Inves;t_igations)(suggest that the rdughness increases with the width
of the building)@nd the square of its height ,)(but is inversely
proportional to the size of the lot 6CCUpied by the building.)
(Radiation)(Erom below)also causes the heat islandifto act as a

mound barrier)({to surface air flow.) (This also proportionadely)

(lengthens the time required for the wind to flush air pollutants)

(from the city.)
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(Diffe.rent surches)@lso have different re\flective
characteristicsyand the city comprises a multitude of surface
varietiesXwhich function like a maze of reflecto;'s,)@bsorbing
some -of t'he energy they receivé)@nd directing much of the rest) .
(to other absorbing surfaces),) (It is also note.—worthy>6hat the
\}ert/icél extent of city buildings)@ill fu'rther cause the overali
amount of reflection possible)(to vary markedly even within thve
citl)ﬁ Gnd to continule)@_ven whife the sun is low in the sky )

(Modification of a surface)@gn also modify the neteradiation)
(by altering the albedo.) Q‘he city has a‘lo,werl albfzdo)@ecause of
th¢ darkly coloured streegs,)éo that it absorbes solar radiation
better.) @“he greater thermal conductivity of the urban fabric)
@*esuits in é(considerably)enhénced storage of heat.) Grhe soil

/ b
heat flux)is a(surfacéhloss(by day) and gairﬁ@y nighﬁ in both
environments.) (In the city however}(this flux is (partly) replaégd
by f/luxes)(into and out of thé(concrete)and(tarmac of roads)and
(buildings,} therefore, (chey have a higher hea‘g capacity)@han the
soil of rural areas.) oo )

‘(_In rural areas,)(che ground receives heat){during the day) and
(c.ools o'ff)ﬁuring the night,)(but Vegetation)@cts as an
insulating blaﬁket)( in large part by tr-apping still air through
which heat moves slowly E fl‘he soil heat flux contained in the
ground 1is thefefore reduced.) ‘(During th'é';’};i\y,)(the grass \blanket)‘
(keeps heat from flowing into the ground)@s rapidly)(so there is

less heat! stored ir} the soil.) Q"his would leave more at the
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sm‘face)(to,heat the air)(except that evapotranspi‘ratidﬁ fronz the
vegetation)elps to lower temperatures) (at nightYthe ’
temperature (at the'top c:‘f the grass) drops)(owing to re-radiation
back to the atmosphere ,>G:iut the insulflting blanketjé)revents )
considerablf'a.'heat flow)(from*the soil below.)

(The rapid runpff .;f rainfall)(causé:c; ‘by .the imperviousness
of the surfaces}@f roads)@md roostas well as by the drainage
s'ystem)(is another major effect of cities) (This waterprq,ofing)
(involves a(hydrologic)charige with c.limatic gonsequences) (Exc'ept
'lin limited green areas)@nd parks,)(‘che pathwa);s taken.by moisture)
Gs quite 1imi;ed’ in the city)) (leanspiration)(infilt“ration)(to
both ground and soil wate’r) and (evaporation)fare radically reduced)
(The émount of surface standing water is reduced)(to a minimum)(with
the result that.energy available for latent heat is increased)
'(gignificantly.) (This is significapt)(because the evaporation
procétss)(removes heat from the ‘air).( apprdximately 600 calories
for every gram of water evaporated ) and(hen'ce has a cooling
effect at the earth's surface.> |

(However, ite must Pe noted that the production of wate.r vapor
and steanb(as a by-product of various combustion processes)ére~
indigenous to the urban environment) (The artificial heat source)'

(’15 dependent on the release of waste heat)(by domestic furnaces,)

(industries Y(car) and(other vehiclesy(and a variety of other sources.)
'(The amount of heat released)(is considerable.) (In the urbanized

.Q /,
: areas)(the rejected engrgy)(has already become a measurable fraction’

& _
of the energy)(received from the sun)(at the surface of the garth.)
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(The heat islanﬁ)(is not (merely)a surface effecty (A few
hundred meters)(of tﬁe atmospheric boundary 1ayer)@re also heated)
(and spe'cial wind effects are sometimes ob.served) (One such
/ imr;eu;liate consequence of the heat island)(is increased convection
over cities,)(especia‘lly)gin the daytime) (This has been beautifully
demonstrated by the lift given to (constant'-volume) balloons)that
have heen launched across cities.) (The up-draft leads)(together
with the large amount of water vapor)(released by combustion '
processes)@nd steam power,)(to increased cloudiness over cities.)
(It is also a potent factor)(in the increased rainfall reported
from c1t1es> (Even at n1ght>@he heating from beloxb@lll counteract
* the radiative coollng)énd produce a p051tlve temperature lapse rate)
(temperature which increases with increasing a.ltitude),(while at
the same time)(inversions form over thé undisturbed countryside.)
(This together with the surface temperature gradient,)(creates a -
pressure_field)@hich will set a(;oncentric)country breeze in i .
motion.) (This localized rural-urban circulation pattern)(does not
accelerate)@ecause the buO);ant 1ift of rising warm air>(isi balanced
by frictiorﬁ(due to the aerodynamic Toughness of the city.)
- (In .sum, a city's effect on its own climate‘)(is complex and
- ; far reaching'.§ (Questions of the significance and desirability of
- ‘ f:he weather changes)(wrought by urbanization)ﬁlave (only recentl)ﬂ
been considered.) (Since some of the urbdn-induced changes ;’:have

occurred graduallthey have been difficult to measure

quantltatlvely) and(therefore unrecognized by the urban dweller)

/
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(Now' that urbanization is (nearly) universal,)(many urban dwellers)
(have suddenly become aware)(of NUMeTrous ufban-induced weather
change.s.)'

(In general, ‘the urban-induced changes in weather types)ére
considered highly undesirable.) (Such changes inclu’de)(increased
cdntaminants,)(higher warfn-season temperatures D(lower winds ,)@.dded
fog)(and decreased visibility.} (However, certain urban related
weather changes ar% desirable)(including increased temperatures)
(in winter,)@nd a:‘ditional rainfall)(co cleanse the air)and
(increased{precipitétion)@n (downwind)agricultural areas >

(The spatial -extent of an urban area's alterations of weather
and clim-até(is 1imited> (Many of the changes)@re truly local)
(andn exist largely within the comp'lex)emd a few hundred feet above
it.) (A few other changes,)(particu]:arly to visibility) (clouds)@nd
raiﬁfall,Xoften extend 30 to 50 miles downwi/nd>and(produce
mes&scale changes.) (I‘he effects of(ina@vertent)urban-related
precipitafion increasesX@zi‘%hb“ééﬁ realized in surface runoff,) and
'(in agricultural productionXand (groundwater quality>

(The most significant question)(rel:iting to urban, effects on
weather)@oncems the potential combined effects of @réwin@
megalopolises.) (Will they-only be additivq)or(is itlbossible

they will trigger changes in macroscale)@r even global weather?)

\

h.
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Math Quiz
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Please carry out the following arithmetic calculations™

&

- (without calculatorf)
1. Add:
16 45
9 15 386

\
\ 13

2. Subtqact:

(a)

*.(b)
(c)
(d)

15 from 27 °?
19 from 15 7
75 from 1397
10 from 5 ?

3. Multiply:

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

4. Divide:

(a)

16 by 10 ?
15 by 5 %
110 by 107
136 by 247

45 by 9 ?

(b) 2482 by 24 ?







