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THE ROLE OF SEMANTIC CONGRUENCY IN
THE DESIGN OF GRAPHIC ORGANIZERS

William A. Kealy
University of South Florida

Abstract: Thirty-one undergraduates read a 204-word passage describing social groupings of fish and their
color, depth, size and diet. Subjects concurrently viewed a graphic organizer (GO) that presented this concep-
tual information in a matrix-like format. Half the GOs were semantically congruent with the text and orga-
nized according to social grouping while the remaining ones were spatially organized by fish depth. Subjects
answered comparison and inference-type questions immediately after the study period and again two days
later. Analysis of variance showed semantic congruity influenced GO efficacy but only for delayed recall of
material related to the main topic of the text.

INTRODUCTION interpreted and remembered (Bransford &
Johnson, 1972; Schallert, 1980).
More than ever before, people need assistance Sometimes a graphic display may be pre-
in absorbing and making sense of the enor- ferred over text for delivering information sim-
mous flow of data generated by the Informa- ply because the former possesses a cognitive
tion Age. Consequently, there has been capacity (Kozma, 1991) lacking in the latter.
increased interest in the potential of graphics For example, Larkin and Simon (1987) persua-
for assimilating and mentally processing sively demonstrated that a simple diagram of a
knowledge. In some cases, graphics facilitate pulley was vastly more effective than its sen-
acquisition of new knowledge in a supplemen- tential counterpart in helping one to under-
tal way by embellishing or illustrating an stand the physics principles being presented.
accompanying text passage (Levie & Lentz, Because, unlike text, the processing of dia-
1982; Levin & Lesgold, 1978). Alternatively, gram-based information is not serially con-
graphics may offer a meaningful context thatis strained (Bauer & Johnson-Laird, 1993), it
critical to how well an accompanying text is offers a “computational efficiency” that assists
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in determining the relationships of components play’'s data. Similarly, Schuch, Tada, von
depicted. Eberstein, and Kealy (1999) found that spa-
Another type of display that may be an effi- tially clustering the elements of a GO accord-
cient alternative to text is the graphic organizer ing to categorical membership facilitated
or GO (pronounced “Gee-Oh”). This is a tabu- significantly better comparative judgments
lar array of categorical information that is about the material studied.
indexed over one or more variables. Consider,  Another possible influence on GO efficacy,
for example, a text passage about types of fish the focus of the current study, is the “semantic
and the characteristics of each such as size,congruency” between a text and its corre-
color, social grouping (i.e., solitary, small, or sponding GO when both are studied concur-
school), swimming depth, and diet. In this rently. Just as prose has a semantic structure--
case, a corresponding GO might arrange fish paragraphs begin with a main or topic sentence
names in a row according to swimming depth followed by ones subordinate in meaning--so
while listing, as a column below every name, too does a graphic display. How one “reads”
the social grouping, color, size, and diet of both tables and diagrams is determined by the
each fish. Such an arrangement aids visual rea-visually prominent display of information that
soning (Gattis & Holyoak, 1996) by using cues viewers on how the display is conceptu-
space to organize factual data in a way that ally organized. In both the Robinson and
facilitates quick comparisons between types of Schraw (1994) and Schuch, Tada, von Eber-
fish across several different variables. Because stein, and Kealy (1999) studies, the topic of the
a GO reveals how two or more characteristics experimental text was the social groupings of
(e.g., size and color) vary with respect to one fish. By contrast, the corresponding GO was
another, learners can more readily draw infer- primarily organized according to the depth at
ences based on conceptual interrelationship which the six types of fish lived: 200, 400 or
(e.g., larger fish tend to be lighter in color). 600 feet. This contradiction raises the question
Robinson and Schraw (1994) studied the of whether such a semantic incongruity
aforementioned GO and the 204- word text between text and GO causes interference dur-
from which it was derived. Subjects read the ing mental processing along with a resulting
text and then studied either the GO, an outline decrement in learning. Since the linguistic
of the text, or completed a second reading of structure of text has a powerful effect on what
the text. They then judged the accuracy of 68 readers recall (Johnson, 1970), it was reasoned
separate statements related to the text, eitherthat contradictions between the apparent
comparing two types of fish on a particular semantic structures of the text and its accom-
characteristic or inferring the relationship panying GO may impede learning perfor-
between two characteristics. Significantly mance. By contrast, when the superordinate
more correct responses were made by subjectsconceptual organization of the GO, reflected
studying a graphic organizer compared to by the categories used for the top row of the
those rereading the text a second time. display, were consistent with the structure of
While GOs have been shown to be effective the corresponding text, we speculated that the
adjuncts to text, like other types of displays, GO would yield superior learning.
their value can probably be further improved
through improvements in design. Merely rear-
ranging the verbal elements of a display can
have a profound influence on how it is used to
analyze the information presented. Wainer Design and Subjects
(1992), for instance, demonstrated that use of
proximity to spatially cluster the labels of a The study consisted of a 2 Semantic Orga-
table can evoke deeper processing of the dis- nization (Congruent vs. Incongruent) x 2
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Depth of Fish (ft)

200 400 600

Fish: Hat Lup Arch Bone Tin Scale

Grouping: solitary ~ small solitary  school small  school

Color: black brown blue orange yellow  white

Size (cm): 30 30 45 45 70 70

Diet: shrimp krill prawn

Groupings of Fish

solitary small school
Fish: Hat  Arch Lup Tin Bone Scale
Depth (ft): 200 400 200 600 400 600
Color: black  blue brown yellow orange white
Size (cm): 30 45 30 70 45 70
Diet: shrimp kil shrimp  prawn kil prawn
FIGURE 1

Semantically Congruent (Top) and Incongruent (Bottom) Graphic Organizers Used in the Study

Question Type (Comparison vs. Inference) x 2 The resulting GOs, shown at the top and bot-
Recall (Immediate vs. Delayed) x 5 Topic tom of Figure 1, respectively, were incorpo-

(Color vs. Depth vs. Feeding vs. Grouping vs. rated into two separate computer programs
Size) factorial design. Semantic Organization developed using Authorware. When run, the
was varied between-subjects while the remain- programs presented subjects with instruction
ing variables served as repeated measures.on graphic organizers, showed samples of the
Thirty-one undergraduates participated in the comparison and inference questions they

study, receiving course credit for doing so. would later complete, and provided practice on
the experimental task. The programs also col-
Materials lected and stored the responses by subjects to

test items as well as the latencies of these
Using the same text as that used in the Rob- responses.
inson and Schraw (1994) study, two versions  Computer displays were presented on 15-
of a GO were created: one organized by fish inch monitors at SVGA resolution (600 x 800
depth (200, 400, and 600 feet) and the other by pixels). All computer screens were designed
social grouping (solitary, small, and school). with a light green background and dark blue
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For example, notice the excerpt of a story below about
various types of buffalo. To the right is an accompanying
G-0 that spatially organizes facts from the text in a way that
makes the cateqorical relationships in the story evident.

As you can see in this example, a G-0 s like a marix or
table that arranges categorical information, like “weight" or
"lifespan" by rows and columns.

The Horsi Armerican I:';a-:n |=eE
the Rocks Maunfame o Colerado LIFESPAN OF BUFFALD

0 bt Canda A lypicalmaly e SJEON years 30 yeans
ress ahoel 20 yesrs, weighs S0 Ibe
and standg 6 R lal.The Abhca
Sallilo roar 557 Dpee grazsiangs of

the Sahara i eastem Afica and P alght: : THOE N0k S00Re
& [feapen of sboul 25 vears. Alcan o R

 Name: hnecai  Amow  Asil et

Blaffalo wsually weigh 2000 ks, and Hlﬁﬁt'“" TR & i
stand 51 fall. e
2] s
FIGURE 2

Example of Instruction on the Use of GOs Contained in the Computer-based Experimental Treatments

lowercase 14-point Ariel typeface with the subjects could view the accompanying GO at
exception of instructional examples and GO any time by holding down the mouse button.
labels that used black 10-point lettering. This allowed subjects to read the text while
Since some subjects would likely be unfa- periodically consulting the GO whenever they
miliar with graphic organizers, the experimen- wished to do so. In the Robinson and Schraw
tal programs contained six screens that (1994) study, subjects first read the text pas-
explained the nature and purpose of a GO and sage, then studied the GO only after the text
showed an example using facts about different had been removed. By contrast, we chose to
buffalo (see Figure 2). By directing the viewer give subjects the means to study the text and
to specific points in the GO and text, the GO concurrently, reasoning that this approach
instruction illustrated how the GO could be created a learning environment that more
especially useful for making comparisons and closely approximated the way people actually
inferences from the information. During the use a graphic organizer.
instructional phase, subjects could progress or  Another feature of the current study that
review the information by using the mouse to was a departure from the Robinson and
click the forward and back buttons, respec- Schraw (1994) experiment was the nature of
tively, at the bottom of the screen. the criterion measure used. In the Robinson
The instruction explained that, while read- and Schraw study, subjects responded to 30
ing the text about fish types that would follow, comparison and 30 inference statements, half
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within each category true and the rest false, to
which they responded by pressing either of
two keypads. However, a replication of this
methodology by Schuch, Tada, von Eberstein,
and Kealy (1999) showed only chance differ-

resulted in a total of 18 subjects assigned to the
Congruent treatment and 13 assigned to the
Incongruent treatment.

Once all subjects were seated in front of
their blank computer screens, the experimenter

ences between subject responses to false comexplained that they would be examining a

parison and inference statements.

The current study used a different strategy
whereby subjects saw comparison and infer-
ence items in a two-item multiple-choice ques-
tion format. An example of a comparison
question used was, “Which is darker in color?”
(Tin or Arch) while a sample inference-type
guestion was, “Smaller groupings of fish tend
to be in size” (bigger or smaller).
Although this approach also involved a 50%

short text passage and related display and then
asked questions about what they studied. After
all procedural questions were answered, sub-
jects pressed the TAB key to start the program
which prompted them to type their name and
press the ENTER key.

Subjects then viewed the first of the six
instructional screens which repeated that they
would have five minutes to study a 200-word
text about different types of fish. To assist

chance or making a correct response, it cut the them in monitoring the passing time, the

total number of question in half thereby reduc-
ing the possibility of subject fatigue while
potentially evoking greater semantic process-
ing through a use of a more authentic recall
task.

Both the pool of 15 comparison items and
the group of 15 inference items consisted of
three questions on each of five fish characteris-
tics depicted in the text and GO: color, depth,
social grouping, diet, and size. For a given
characteristic such as color (e.g., black, brown,
blue, orange, yellow, white), an attempt was
made to select attributes that were not men-
tioned in any of the remaining questions.
While not exhausting all the possible questions
that could have been formed, this procedure

instruction stated, a small clock-like icon simi-
lar to the one currently on their screen would
appear in the upper-left corner of the text. Pro-
ceeding at their own pace, subjects read
through the remaining five instructional
screens. The last screen again informed them
that after studying the text and GO about fish
they would answer comparison and inference
types of questions about what they read. This
time, however, they were shown examples of a
hypothetical comparison and inference ques-
tion based on the text about buffalo. Finally,
subjects were instructed to raise their hand if a
guestion remained about the experimental task
or, if not, to wait for further instructions. When
all questions had been answered, they were

nevertheless provided a broad and balancedto|d to click on the word “please” in the text to

coverage of the content studied by subjects.
The entire pool of 30 comparison and infer-
ence questions thus constructed were built into

progress to the screen containing the experi-
mental text and graphic organizer.
Immediately after the five-minute study

the computer-based treatments so that they period, three two-column simple addition
were presented in a separate random order toproblems appeared on the screen. The com-

each subject during the experiment.

Procedures

puter asked subjects to confirm the accuracy of
each sum by typing a “Y” if correct or an “N”
if incorrect. This brief interpolated task was
designed to clear the working memory of sub-

Subjects participated in an experimental jects before administering the criterion mea-

session in groups of about ten. Upon arrival for
the session, each subject was randomly

sure. Upon completion of the three problems,
the computer prompted them to look up from

assigned to a desktop computer that contained their screen to indicate they were done. When

one of the two experimental conditions. This

all subjects indicated completion of their arith-
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metic, the experimenter told them to click on Two days later, subjects reported for a dif-
the word “look” to proceed to the next task. ferent experimental session (i.e., one they
The screen then showed subjects an exam-believed unrelated to GOs) and assigned to one
ple of a hypothetical comparison- type ques- of the desktop computers. When ready, they
tion dealing with a fish characteristic not pressed the TAB key, starting the computer
mentioned in the text they studied earlier. At program. Subjects then entered their name and
the lower half of the screen appeared two Viewed instructions informing them that they
shaded rectangles, side-by-side and of equalWwould be answering the same questions com-
size, with a one-word answer printed in the Pleted two days earlier. Subjects pressed the
center of each. Subjects were told to respond to TAB key once again, completed the 30 infer-
the question shown (“Which fish typically —€nce and comparison questions and were dis-
weighs more?”) by clicking on the box with ~Missed.
the correct answer (either “Cod” or “Dol-
phin”). Once clicked, bgth sh.aded box and RESULTS AND DISCUSSION
enclosed word flashed in an inverse tone to
signal that that choice had been made. Simi-
larly, subjects were next shown an inference-
type close question (“Fish that weigh less tend
to have a lifespan”) and two possible
answers each printed

During the testing phase of the study, the
experimental program scored a one if a sub-
ject’s response to an item was correct and a
i zero if the response was wrong. To facilitate
in a separate bOX yai5 entry and analysis, the computer-based
(‘longer” and “shorter”). treatments calculated a mean score for each
The program informed subjects that an cjyster of three test items involving the same
asterisk would appear in the center of the fish characteristic for both comparison and
screen for two seconds just before each com- jnference questions. This produced ten mean
parison or inference question appeared. They proportional scores, five for comparisons and
were encouraged to make their responses asfive for inferences, representing all the five
soon as possible and then told to press the TAB categories of fish characteristics mentioned by
key to practice sample comparison and infer- the text and GO. Hence, a value of zero, .33,
ence questions. After finishing the practice .67, or 1.0 was possible for each mean propor-
items, subjects were informed that these ques- tional score thus calculated. Following the rec-
tions were similar to the ones they were about ommendations of Winer (1971), an arcsine
to complete. Subjects were encouraged to pay transformation was performed on each of the
attention, work quickly, and do their best while proportional scores prior to statistical analysis.
performing the task. When it was clear that An alpha level of .05 was used for all statistical
they fully understood what they were being tests.
asked to do, the experimenter told them to
click on the word “best” and to begin the test
phase of the study. Within both groups of 15

questions, three questions dealt with one of the  pata on the accuracy of subjects’ responses
five categories of fish characteristics (e.9., to comparison and inference questions were
depth, grouping, diet, color, and size) reported entered in a 2 Semantic Organization x 2 Men-
in the text and GO. The 30 questions thus tal Operation x 2 Recall x 5 Topic repeated
formed were presented during the testing measures ANOVA. The analysis revealed a
phase one at a time and in random order. Oncesignificant main effects for the Mental Opera-
the last person in the room completed answer- tion, F(1, 29) = 4.89p = .035, and Topid; (4,

ing the questions, all the subjects were dis- 116) = 3.12p = .018, variables and a signifi-
missed from the study as a single group. cant Mental Operation x Topic interaction,
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FIGURE 3
Influence of Text Topic on Performance of Subjects in Making Cojmparative and Inferential Judgments

F(4, 116) = 4.81p < .001, that accounted for between Semantic Organization (i.e., the type
most of the variabilityX? = .14) in the depen-  of GO studied) and Topic that was not signifi-
dant measure. Figure 3 depicts the mean pro- cant,F(4, 116) = 2.09p = .063), by conven-
portional scores involved in the Mental tional standards, but one that was nevertheless
Operation x Topic interaction. This illustrates interesting. As Figure 4 illustrates, the mean
the superior performance by subjects on com- proportional score on comparisons and infer-
parison items compared to inference questions ence questions was notably lower for items
and replicates the findings of previous research dealing with fish grouping when the GO used
by Robinson and Schraw (1994). Both the role was spatially organized by depth.
of Topic on performance and its interaction While this was the expected outcome, it
with Mental Operation is less clear. Evidently raises the question of why such a decrement in
subjects performed poorer on questions related performance by subjects studying a semanti-
to fish depth but only when the questions dealt cally incongruous GO only occurred two days
with comparisons. after the display was studied? One conceivable
It was puzzling that subjects’ performance explanation is that, due to the dominance of
showed no significant decrement between the subjects’ verbal processing abilities, the dele-
first experimental session and the second trial terious effect of an incongruous graphic dis-
two days later. To examine this further and play had little impact on immediate recall.
improve interpretability of the data, a separate However, two days later when memory of the
ANOVA was performed for each of the ses- information was diminished, subjects began to
sions. This revealed that differences between more actively use the spatially-encoded GO as
performance on comparison and inference a secondary retrieval cue for related informa-
items were significant for immediate(1, 29) tion in verbal storage (see Kulhavy, Stock, &
=4.71,p = .038), but not delayed, recall. The Kealy, 1993 for a discussion on the value of
Topic variable, on the other hand, only had a maps as secondary retrieval cues). Hypotheti-
significant influence on performance occur- cally, if the GO brought into working memory
ring two days after study of the GO. The anal- was semantically incongruous with the text, it
ysis of delayed recall showed an interaction proactively interfered (Osgood, 1949) with
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FIGURE 4

Relationship Between Text Topic and the Semantic Congruity of a Graphic Organizer on Delayed Recall

verbal recall--especially information contained
in the macrostructure of the text (i.e., facts
about depth).

Latency of Recall Performance

Latencies of subjects’ responses to ques-
tions were entered into a 2 Semantic Organiza-
tion x 2 Mental Operation x 2 Recall x 5 Topic
repeated measures ANOVA. This revealed a
significant main effect for Mental Operation,
F(1, 29) = 24.61p < .000, which accounted
for nearly half of subjects’ variabilityx@ =
.46) in scores. ANOVA also identified signifi-
cant main effects for Topi€;(4, 116) = 4.29%
=.003, and, unlike the analysis of test perfor-
mance, Recal(1, 29) = 13.67p < .001.

Additionally, ANOVA indicated significant
two-way interactions for Semantic Congruity x
Mental OperationF(1, 29) = 4.93p = .034,
Semantic Congruity x Topi&;(4, 116) = 2.67,

p = .035, and Mental Operation x Rec#&l(1,
29) = 8.14p = .008. Figure 5 depicts the rela-
tive effect of Semantic Congruity on latency of

ficult inference items. On the other hand, the
dramatic drop in latency of response among
subjects who studied the semantically incon-
gruous GO, may be an indication of mental
processing that was simply more superficial
rather than more efficient.

This hypothesis is supported, in part, by
Figure 6 which shows the differential effects
of GO type on speed for processing questions
according to the Topic variable. The slower
processing speed evident for questions related
to grouping, the main topic of the text, points
to the dominant status of verbal processing
among adult learners. The semantic structure
of text provides a strong interpretive mecha-
nism which, in the present case, signaled that
the main topic of the passage was the socializa-
tion of fish. Given the absence of explicitly
stated educational objectives, learners are
likely to use the semantic structure of a studied
text to help determine the instructional task
they will be asked to perform. The relationship
between instructional objectives and task

*

performance for comparison and inference expectations is especially interesting in the
questions. As expected, subjects took much context of graphic organizers. It is intriguing,
less time in responding to the comparison for instance, to imagine what effect study of
guestions compared to the relatively more dif- the GO prior to viewing the relevant text
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Effectg of Text-to-Display Semantic Congruence on Response Latencies for Answering Comparison and
Inference Questions
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FIGURE 6

Effect of Text-to-Display Semantic Coingruency on Response Latencies for Answering Questions According

to Topic
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would have had on subjects’ task expectancy
as well as processing precedence.

Studies on how to effectively integrate cog-
nitive tools, such as graphic organizers, with
instructional design practices exemplify the
kind of “prescriptive” research (Clark, 1989)
that could contribute much to the field of edu-
cational technology.

Graphic organizers are important adjuncts
for enhancing what people recall from a
related text. In many cases they yield insights
on the relationship between facts in a story
even better than the story itself. To be effec-
tive, however, such learning tools should be
designed so that they are semantically congru-
ent with the texts they accompany. Doing so
will maximize the mental processing of both.
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