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Abstract

This research is designed to explore the manner in which people read
and use procedural information (directions) presented to them in text
and illustrations. University undergraduvates read directions for the
assembly of a model loading cart, assembling the model as they read. The
use of illustrations with text was found to produce significantly more
accurate performance of the task. Results also suggest that specific
types of information are presented more effectively in texts or in
illustrations. Several recent theories are considered for their

implications regarding this issue.
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How Do Young Adults Read Directions

With and Without Pictures?

' The manner in which running text and illustrations complement each other
to facilitate reading comprehension is a problem that has received increasing
attention from those researching the rezding process. This is not surprising
given the fact that illustrations are to be found in virtually every form of
printed discourse. 1In fact, the extensive use of illustrations with text
suggests that the study of the reading process should properly include the
study of comprehension of information extracted from illustrations as well
as running text.

The studies reported in the literature dealing with this issue have used
either children or adult subjects and narrative texts (reading materials selected
from basal readers, news items or specifically prepared texts and illustrations).
None has used procedural texts and illustrations (directions) although this form
of reading material is in extensive use.

A selective review of related studies in the literature helps to clarify
research questions pertaining to procedural texts with illustrations. Several
studies have attempted to determine whether illustrations enhance the
comprehension of stories in children's books. W. A. Miller (1938) reported
that children's comprehension of stories was just as good without pictures as
with them. Weintraub (1960) examined the effect of pictures on the compre-
hension of a second-grade basal reader and found that children who read the
text without pictures had better comprehension scores than those who read

the text with pictures. Verncn did two studies (1953, 1954) which found that
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an illustrated version of written text was neither remembered nor comprehended
better than a non-illustrsted version. Koenke (Note 1) found no difference in
children's ability to state the main idea of a paragraph whether accompanied
by a picture or not.

Peeck (1974) used cartoon pictures selected to convey information in an
accompanying story. He varied the agreement between the information contained
in the pictures and that contained in the text. When the information was
presented in both picture and text, his fourth-grade subjects scored higher on
questions assessing knowledge of information than children who
read only text. Peeck found that for children reading illustrated text with
points of conflict between picture and text there was no difference in retention
between groups reading illustrated and non-illustrated versions of the text.

Lesgold, DeGood and Levin (1977) found that illustrations facilitated prose
learning for first graders. One study done with adults, by Findahl (Note 2),
attempted to d termine whether pictures would improve memory for news items.
Results indicated that the addition of pictures did produce improved recall of
text.

Levin and Lesgold (1978) provide a comprehensive review of studies of
learning in which the role of pictures is examined. In contrast to claims
made to the contrary (Concannon, 1975; Samuels, 1970) they "conclude that
there is solid evidence that pictures facilitate prose learning". The studies
they review have five characteristics: 1. Prose passages are presented orally,
2. the subjects are children, 3. the passages read are fictional narratives,
4. the pictures overlap the story content, and 5. learning is demonstrated

by factual recall.

The research reported in this paper: 1. assessed the effects of pictures
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on comprehension while subjects pread a text selection, 2. used young adults

(18-21 years old), 3. employed a procedural text (directions), 4. used line
drawings that were comparable to the text in content and S. used performance
of an assembly task as the measure of comprehension. Thus, several aspects
of reading heretofore unexamined were investigated here.

This pesearch was desigred in two phases. The first phase was an inves-
tigation of the effects of text on the comprehension of directions presented
in line drawings. The two conditions were illustrations without text and
illustrations with text. Phase two of the investigation involved collecting
data for a text alone condition so that a comparison could be made among text
alone, text with pictures and pictures alone conditions. The design of phase
one was similar to that of most previocus studies (at the ocutset) in that only
two conditions were used. These studies all suffer from a methodological weak-
ness in that they cannot isolate the effect of pictures, since they lack a
picture alone condition. Phase one of this study suffered from the same defect
in that there was no text alone condition. The addition of a text alone condition
subsequent to phase one was designed to remedy this difficulty.

The resesrch reported presently was designed, therefore, to assess whether j

text would enhance adults' comprehension of the concepts and relations among 3

concepts as expressed in picture directions (in this case directions for the
assembly of a model handtruck;. Furthermore, the method used to assess readers'
comprehension of this information was non-verbal, that is, their performance .

of the assembly task was recorded on videotape.

Method
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Subjects

The sample was comprised of second- and third-year students who were
undergraduates at Cornell University. Subjects were selected from a pool of
volunteers within an introductory psychology course. Phase I of the experiment
included 59 subjects who were randomly and independently assigned to two
conditions of the experiment (illustration and illustration with text).
Subsequently, a third condition (text alone) was added to the experiment and
31 additional subjects participated in this second phase of the study.

All subjects came from the same pool of Cornell University undergraduates
even though they were drawn at different times. No significant differences were
uncovered among the 3 groups based on the administration of a pretest of spatial
ability, F(2,87)=2.31, p>.05. None of the subjects had prior experience with
the task used in the study.

Materials

The materials employed in this study consisted of: (1) text directions
for assembly of a model loading cart (Table 1), (2) line drawings depicting
the model at various stages of assembly (Figure 1), and (3) the parts of a
Fishertechnik 100 model loading cart.

- - - - - - - - - - - . - - -

Insert Table 1 and Figure 1 about here

------------------ - 3

The text directions were derived from a group of students' written

descriptions of the assembly task. Names for parts and features of parts were

taken from these descriptions, as were subassemblies (i.e., handle, wheel,
etc.) and names for subassemblies of the model. The order of assembly in the
text was determined by ordering these subassemblies from simplest to most complex

as reflected by the number of parts involved in each and by the number of




etk At e g

Picture/Text Amalgams

6

operations to be performed with those parts. The resulting text directions were mod-
ified so as to delete unneeded content, add additional details and clarify ambiguities.
The line drawings used were based on the drawings of the model which are
provided by the model's manufacturer. These line drawings were prepared for
each part in the model, each subassembly, and the completed model. They, too
were tested by asking students to perform the task using them as directions.
The text and line drawings, therefore, were designed to be comparable.
Table 1 and Figure 1 contain the text and slides used in the study which are
numbered to illustrate their comparability. Variations in subjects' compre-
hension of the directions in the three conditions of the study would consequently
be indicative of the effects of media form on readers' comprehension and would
not simply reflect differences in the information content in the directions.
The model itself was taken from a kit designed for children. The picces
snap or slide together with little difficulty. The assembled model is about
6 %" tall, 2 %" wide and 2 %" deep.
This task was selected because the model parts may be assembled in a variety

of sequences and orientations. (We are speaking here of orientations with respect to

each other in space.) This flexibility is desirable since it permits subjects to

express their understanding of the directions in a variety of ways, but also because
it makes it possible to write a variety of types of directions for the task, each
redefining the task in a different way. This task, therefore, may be useful for a
variety of studies designed to examine both the design and comprehension of procedural
texts prepared for assembly tasks.

Furthermore, there is apparently little information inherent in the

configuration of the parts themselves to guide the subject in the assembly process.

o i L .
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i This statement may appear to be counter-intuitive with respect to the wheel
assemblies, for example. However, in a pilot study when ten subjects were asked
to assemble the model in the absence of any directions, no two subjects sembled
the parts in the same manner. In fact, each assembly was so different that no
ready description can be provided of the assembled objects. No subject
produced anything resembling a handtruck.
Equipment

The equipment used in this study included: (1) 2 Singer Caramate slide
projectors, (2) 1 SONY videotape recorder, (3) 1 SONY (SEG-1l) special effects
generator, (#) 1 SONY Trinitron monitor, (5) 40 one-half hour, one-half inch
SONY videotapes, (6) 2 slide carousels, (7) slides, and\(B) 2 SONY television

cameras.

Procedure

/ In Phase I of the study 59 subjects were randomly assigned to the two
conditions of the experiment. Of these 59, 29 viewed illustrations without

N text and 30 viewed illustrations with text. In Phase II, 31 viewed text

without illustrations. :
Data were collected on the subjécts one at a time. Each of them was
seated at a listening station, facing the wall, in a corner of a library

listening room. Parts for the model were laid out in front of each subject.

3
i A Caramate projector was located just left and another just to the right of
3 the subject.
’ 2 A television camera was positioned next to the Caramate projector on the

left and was directed at the subject's head, the other was located to the left
and rear of the subject and was directed at the workspace just in front of the

subject. Only the model parts, Carzmate projectors and one camera were visible

e m :;; ;;\ {2 ™
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to the subject, since all other apparatus was placed behind a partition.

Upon completion of the pretest subjects were instructed in the operation
of the Carzmate projectors and were shown which slides contained general
instructions for the experiment. These instructions described the experiment :
as an attempt to learn more about how people read and follow directions.

1 Subjects were then asked to look at a slide which showed line drawings of each
of the ten kinds of parts used in the model. Each line drawing was labeled with
its name, and features of these parts such as "tabs" (referred to later in the :

directions) were also labeled.

Each subject was asked tc¢ learn these nzmes and was allowed a few minutes
to do so. Subjects were then tested for their ability to name the drawings of

the parts and their features, to identify the drawing of the parts and their

features when given their names, and to perform both these tasks using the :

actual parts and not the drawings. Since these proved to be easy tasks, the ;
i

criterion for them was 100% accuracy. ;

Once they could do this, subjects were shown the first slide of the é
directions for their condition of the experiment. Subjects viewing the slides
would first look at one slide and then either look at the other slide (in the
condition where text was presented with the illustrations) or look at the
parts to be assembled.

They would then attempt to complete the subassembly of the model depicted
in the directions. (Twelve subassemblies were depicted in the directions.)
Upon completion of the subassembly, subjects would change the slide(s) and
proceed to the next subassembly. This process would continue until the model

was completed. Subjects were allowed to go back to earlier slides if necessary.

The videotape recorder was started immediately after the general instructions 3
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were presented. Videotape recordings were made using a special effects gener-
ator to provide a split-screen record of each camera's view. One camera,
directed at the subject's hands provided information on the progress of the
task. The second camera, directed at the subject's head provided information
as to whether the subject was looking at the text, at the illustration, or at
his/her hands. This camera also made it clear when a subject changed a slide.

The special effects generator produced a split-screen image on the monitor
and on the videotape so that the experimenter could obtain precise information
as to reading behavior (frequency, sequence and duration of looking) and reading
comprehension (task performance). The videotape recordings were subsequently
viewed and scored by the experimenter and an assistant. The second-by-second
record of each subject's reading behavior and comprehension was then converted
to a data structure for subsequent analysis.

Scoring

« To score the videotapes the recordings of reading behavior and task
performance viere carefully examined. The method used to extract data from the
tapes was to view each tape on a monitor and videotape recorder equipped with
a pause button. The subject's reading behavior, in the form of looking for
various periocds of time at each of the two screens or at the model parts, was
recorded by starting the tape and a stopwatch at the beginning of the task and
stopping both at each change in reading behavior.

In this manner a record of reading behavior was produced which recorded the
duration and sequence of the subject's looking at text, illustrations or task.
Analysis of these data yielded information as to the frequency with which
subjects looked at one source or the other. Slide change was also recorded

so that the text and/or illustrations on view at any given moment could be
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determined.

The movement of the subjects' hands and eyes from one position to another

was constantly recorded by each of the two television cameras. This movement

was completely unambiguous, since the position of the two slide projectors and

This lack of ambiguity was confirmed by

model parts were widely separated.

disinterested observers.

A record of task performance was produced as a videotape was viewed. The

All errors of assembly

completion of each subassembly was noted as it occurred.

However, only uncorrected errors were finally

were also noted as they occurred.

scored as errors. An analysis of this second-by-second record of task perfor-

mance yielded information as to the completion time fcr each subassembly, the

number and type of errors in the subassembly and the sequence in which the

subassemblies were completed.

This scoring procedure has proven to be highly reliable. Crandell (Note 3),

using the same scoring technique, employed an independent judge (blind to the

treatment conditions) to provide experimenter-judge scoring correlations. He

reports correlations between experimenter and judge on mean time looking at

text of r=,961 mean time, looking at illustrations of r=.991 and mean errors

in assembling the model of r=.960.

All of the above information on each subject was coded into an appropriate

data structure for analysis. The data structure represented changes in eye

position, completion of subassemblies, errors of assembly and slide changes as

a string of numbers and symbols that were stored on a floppy disc for a PDP 11/u40.

A sample of such a data structure follows: '"1.0.14.8.1". In this case

the subject looked at an illustration for ome second(1), did not look at the text

at all (0), looked at the model parts for fourteen seconds(14 and completed the

¥ e -yt gt S o v . — i e o vy s g .
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subassembly called the "base" (it was labeled #8) with an erro. of type 1 (1).

Periods denote changes in ackivity while slide changes (not shown in this example)

v

are indicated by a "/".

Design and Analysis
There were 3 levels of Media Form (Text, Text with Illustrations,

Illustrations) and one task requirement in this study. The independent variables
were between-group variables. Accuracy scores for assembly of the model were
the values of the dependent variable. The distribution of scores was non-normal;
the Kruskal-Wallis test (based on an a of .05) followed by all pairwise Mann-
Whitney comparisons (based on an a of .0l) (Kirk, 1968) were computed to assess
the effects of the 3 treatment conditionms.

Results

Measures of Comprehension

Readers' comprehension of the reading materials was operationally defined
as the accuracy with which they followed the directions in performing the task.
Accuracy of assembly was determined by counting the number of errors made in
following the directions. Data concerning the types of errors made were
also examined.

Types of errors. A review of the errors made by subjects in all conditions

of the study indicates that errors were of four types.
| a. orientation of parts - parts of the model were attached at the proper
place but not properly oriented in space (e.g., 90° out of alignment with the
other parts).
b.. location of parts - parts attached at the wront point on the model.

¢. wrong parts used - subject selected and wrong part (one other than

the one identified in the directions) but attached it to the model (e.g., "short
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rod" used instead of “long rod.")

d. parts omitted - model assembly but some parts "left-over," never used.

1 Number of errors. Sixty of the 90 subjects made errors in completing the
assembly task. The mean number of errors made by subjects in each condition

is shown in Table 2 below.

- — - —— - - —— - -

The Kruskal-Wallis test results revealed a significant difference among the

three groups in the number of errors in the assembly task (p<.0005). All-
pairwise Mann-Whitney comparisons conducted at an a level of .01 (Kirk, 1968)
indicate that subjects who viewed text with illustrations made significantly
fewer errors in the assembly task than did subjects who viewed text alone
(p<.001, two-tailed) or illustrations without text (p<.00l, two-tailed). No
significant differences (in the total number of errors made) were found between
subjects who read text alone and those who viewed illustrations alone (p>.05).
Table 3 shows the mean number of errors of each type by condition in the

study.

S—
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The Kruskal-Wallis text (based on an a of .05) was performed on the error
data by type. A significant difference among the three groups was found for

errors of orientation of parts (p<.0005), but not for other type of errors

(all ps < .05).

1 ity 3 RIS

All pair-wise Mann-Whitney comparisons were performed at an a level of

g et

.0l on the orientation data of the three groups. Results indicate that the
addition of illustrations to text resulted in significantly fewer errors in
orientation of parts during the assembly process (p<.00l, two-tailed) when

compared to the text alone condition. Significantly fewer errors of orientation

were made by subjects in the illustration alone condition than in the text

alone condition (p<.005). No significant differences were found in orientation

errors between the illustration condition and the text with illustration condition.

g sy o) AT A A AR K 2 g
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Eye-track Data (Illustration Conditions) Eye-track data were

collected during the study and are descriptive of the manner in which readers
selectively combine information presented verbally and pictorially. Subjects
typically spent the first second or two (on each picture-text display) view-

ing the illustration and they then proceeded to read the text. At various

points in the text readers referred back to the illustration. (The equipment
used did not provide information as to the precise location of these points.)

The average reader who viewed text with illustrations referred to the illustration
36 times during the reading session. The mean duration of each of these

glances at the illustrations was 1l.84 seconds.

Overall, subjects spent more time looking at text in this condition than
they spent looking at illustrations. The total mean time per subject spent in
looking at text was 309 seconds and the mean time spent looking at illustra-
tions was 66.24 seconds.

In the condition with illustrations and no text the mean time spent looking
at illustrations was 160.33 seconds. (No eye-track data were collected in the

text alone condition.)

Discussion
This study attempted to determine whether the addition of line drawings

equivalent in information content to text directions would enhance adults'

LSS N R A
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comprehension significantly more than that produced by either text or illustra-
tions presented alone.

Since the information content of text and line drawings was designed to be
completely redundant, the finding of optimal comprehension in the text and
illustration conditions cannot be explained by the argument that additional
information was present in that condition. A review of the types of errors made
in each condition of the study suggests that the explanation lies in the differ-
ential effectiveness of illustrations and texts in communicating different types
of information. For example, the finding that the addition of illustrations to
text resulted in significantly fewer errors of orientation of parts seems to
indicate that the illustrations convey spatial information more effectively
than text. This is also supported by the finding that significantly fewer errors
of this type were found in the illustration alone condition as compared to the
text alone condition.

; Several additional alternative explanations may also be considered. The

i; ' first is that there are points of ambiguity in both text and illustrations and
that at such points the presence of redundant information in another form
provides the reader with an opportunity to seek clarification from that alternate
source. An additional possibility may be that individuals differ in their r
ability to extract and use information presented verbally or pictorially and

that providing alternate forms of the directions allowed these individuals the

o o pe i &
v TR 13 3R RENC Yo -

flexibility of selecting the optimal form for their needs.
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Both these possibilities would seem consistent with Gibson and Levin's
(1975) theoretical basis for understanding how people read pictures and text.
They view the process of reading as one of extracting information from pictures
and text, although the processes are undoubtedly different. They believe that
| B "higher order structures" are basic to perceiving patterns of distinctive

4 features in pictures and text. The structures are seen as rule systems that

o SRR A AR, o ) S
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describe subordinate relationships among phonological, syntactic and semantic

components invclved in reading. The key processes involved in developing such

rule systems include abstracting relationships, ignoring irrelevant information,

locating potential information areas, using distinctive features, and obtaining

intrinsic reinforcement through the discovery of structure and the reduction

of uncertainty.

In order to clarify further this issue it would be extremely useful to

collect detailed eye-movement data while subjects read the text ard view the
illustrations. The videotaping prccedure used in this study could not provide

precise information concerning fixation points during the reading of text and

examination of pictures. Existing eye-track systems could provide such infor-

mation. This would make it possible to determine whether there are specific
points in the text (and illustrations) at which most readers refer to the
accompanying illustrations (or text). The existence of such points would be
consistent with the view that ambiguities exist that are clarified by the
alternate mode of presentation. Another approach might be to test for individual ?

differences in cognitive styles and their optimal match with specific instruc-

tional formats. Work along these lines has recently been conducted by Crandell
(Note 3), although he reports no significant effects for cognitive style 1

variables.

Eye-track data. The eye-track data collected in this study seem consistent ’ 1

with Loftus and Bell's (1975) observations that readers who view an illustration . ;
spend the first few fixations extracting '"gist" information. Gist information i
is defined as information that permits readers tc say what the illustration

represents in some general way (i.e., a picture of a horse vs. a picture of a

lion). Readers then appear to refer to the text and read for several seconds.
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They then periodically refer to the illustration. The mean number of discrete
shifts from text to illustration (and vice versa) was 36.

Readers appear to be systematically comparing the semantic content of the
pictures and text as demonstrated by their frequent looking from one to the

other. Clark and Chase's (1972) theory of sentence-picture comparison may help

us understand what is happening here. They base their theory on the assumption
that, in order for people to compare pictures and sentences, they must first
interpret the graphemic and pictorial properties of each into a common
semantic format. Further, they assume that these interpretations are coded in

terms of propositions. They report a series of experiments which are consistent

with these assumptions and which support their view that there is a common
"interpretive" system that underlies both language and perception and which is
handled by a single set of cognitive principles.

An alternate explanation is suggested by Rumelhart's (1977) schema theory

| 3 of reading comprehension. Rumelhart's model indicates that readers generate

. hypotheses at a variety of levels designed to account for the incoming infor-

mation. Levels of hypotheses would include the letter-level, the lexical-level,

syntactic-level and semantic-level. Hypotheses at an even higher level are
proposed which account for entire stories. These hypotheses are called
"schemata". Such schemata provide a context for incoming information, predicting
B3 . ‘ (and inferring) the existence of lower level hypotheses. It may be that readers
% presented with illustrations and text redundant in terms of information content,

rely on the illustrations to provide them with a context for the information

which they extract from text.
It would be extremely useful to know exactly in what manner subjects
selected and extracted information from each mode of presentation and how they

combined such information. To the extent that precise eye-track information

| g
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reflects cognitive events such data should be helpful in this regard.

Finally, it should be noted that these findings are of limited general-
izability for a variety of reasons. First, the illustrations used here were
simple perspective line drawings. No arrows, dotted lines, exploded views, or
orthographic projections were used. It is possible that drawings employing
these features might prove superior to text in communicating the directions for
the task. In addition, the university population of highly verbal and
academically homogeneous young adults used in this study may differ in their
use of illustrations from other less verbal groups. Replications of these

results with other populations would be desirable. Further, only one task was employed.

Replications involving the construction of other objects would be desirable.
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Table 1

Text Directions

1. To form handle one: Insert a short rod through a clip so that the clip
is in the middle of the rod.

2. To form handle two. Insert another short rod through another clip so that
the clip is in the middle of the rod.

3. To form column one: Assemble one small block and three large blocks end
to end.

4, To form column two: Assemble another small block and three other larger
blocks end to end.

S. To form the back: Move the columns so that they are parallel with each
other. They should be about the width of two blocks apart. (Be sure
that the tabs at the end of each column point in the same direction.)

6. Connect the two columns by inserting four flat pleces between them. Slide
each flat piece into place using the side grooves in the blocks. (All
the flat pieces should have their smooth sides on the same side.) They
must be flush with the ends of the columns without tabs.

7. To form the axle assembly: Insert the long rods through two angle blocks.
The angle blocks should be oriented in the same way and should be about

two blocks widths apart.

8. To attach the axle assembly to the back: Insert the tabs of the angle blocks

A i e el nadl

in the end grooves of the columns. Be sure that the angle blocks are
oriented in the same way and that one tab on each angle block faces

the side of the back with smooth flat pieces.
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3. To form the base: Fasten two large blocks end to end to form a short column.
Attach a third large block to a flat piece by inserting the flared edge
of the flat piece into a side-groove of the block. (Be sure that the
ends of the flat piece are flush with the ends of the block.)

Attach another large biock to the other flared edge of the flat piece in the
same way. (Be sure that the tabs of the blocks point in the same

direction.) Insert these two tabs into a side groove of the short

column so that the side of the short column covers the ends of both
large blocks and the end of the flat piece.

10. To attach the base to the axle assembly: Notice that the base has a column
of two large blocks. One side of this column has a flat piece attached
to it. Attach the opposite side of this column to the exposed tabs of
the axle assembly. Be sure that the flat piece in the base has its
smooth side up.

¥ 11. To form a wheel assembly: Place a washer over one end of the long rod so

that it is flush with the angle block. Place a nut hub over the same
end of the long rod so that its threads point away from the angle block.

B Next place a tire over the same end of the rod. Next place a screw hub over

the same end of the long rod with its threads toward the nut hub.

Screw the nut hub and screw hub together with the tire between them.

Finally, place a washer over the same end of the long rod so that it

is flush with the screw hub.

11. To form another wheel assembly: Place a washer over one end of the long red

[T

so that it is flush with the angle block. Place a nut hub over the

same end of the long rod so that its threads point away from the angle

s

W‘vg’hv«-»u oy

block.
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Next place a tire over the same end of the rcd. Next place a screw hub over i

Next,
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the same end of the long rod with its threads toward the nut hub.

Screw the nut hub and screw hub together with the tire between them.

Finally, place a washer over the same end of the long rod sc that it

is flush with the screw hub.

the handles should be inserted in the end of the back with exposed
tabs. Each handle should be inserted in the grooves at the front of
the back so that the clips are resting against the ends of the blocks.
The openings on one side of each clip should fit over the tabs at the

ends of the columns. This completes the assembly of the loading cart.
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Table 2
Mean Number of Errors in Assemblya
X S.D.
Text (No Illustration) (N=31) 2.54 2.23
Text with Illustrations (N=30) .60 .89
Illustrations (No Text) (N=29) 3.34 2.17

a. .
Failure to complete an assemhly was scored as an error.
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Figure 1

SLIDES OF ILLUSTRATIONS
(Not shown in accurate scale)

I

Slide #1 Slide #2 Slide #3
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Slide #5 Slide #6
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