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mains into their basic information components. Mathematical transformations create a 
semantically defined coordinate system that rearranges a set of data items based on 
their content and functional interrelationships. Secondly, the spatialized data abstrac-
tions are graphically (sometimes cartographically) rendered for visual examination 
and exploration.  

In the experiments we report below, we focus on perhaps the most basic principle 
for rendering information spatializations—the distance-similarity metaphor. This 
metaphor states that elements closer together on information displays will be under-
stood by users to be more similar. The distance-similarity metaphor reflects a basic 
principle we call the first law of cognitive geography, as expressed in the context of 
information displays. The first law of cognitive geography states that people believe 
closer things to be more similar than distant things. We identify this law by analogy to 
the geographical principle that closer places on the earth’s surface actually tend to be 
more similar, whether in rainfall amounts, landforms, linguistic dialects, or foods 
consumed. This occurs because closer places tend to interact more with each other 
(movement of matter, energy, information). As a descriptive generalization and pre-
dictive heuristic (even occasionally an explanatory mechanism), this principle is so 
fundamental to analytic geographic thinking that Tobler [12] dubbed it the first law of 
geography. The first law may extend to information spatializations insofar as spatiali-
zations afford experiencing information spaces as if they were geographic spaces (or 
spaces more generally). Our research may thus be understood as an empirical investi-
gation of the first law of cognitive geography in the context of information displays—
are closer features on information displays perceived or conceived to be more similar? 
If so, what aspect of “closeness” corresponds to similarity, and what is the function 
relating the two? 

Although the distance-similarity metaphor is very appealing intuitively, empirical 
evidence of its validity in information displays is scarce [see 13]. The few usability 
studies that do exist are not placed within the context of a coherent theoretical spatial 
framework. Commonly, semantic similarity is mapped metaphorically onto distance 
(relative location) in the graphic information space, usually metric distance of the 
straight-line or direct Euclidean type. The widespread and uncritical application of 
this metaphor may be problematic when information spaces resemble geographic 
spaces, such as landscapes [14], natural terrain [15], or urban spaces [16]. Geometry 
in geographic space is not just Euclidean, and in fact, it is not just metric. In other 
words, similarity can be graphically suggested in terms of several types of “distance,” 
especially when distance is understood broadly to include a variety of expressions of 
separation (temporal, topological, etc.). Information spaces will be more usable if they 
are based on a sound theoretical and empirical framework, including those concerning 
cognitive aspects of space and place.  

Our work ties research on information visualization to research on the psychology 
of distance perception and cognition [e.g., 17, 18, 19]. Distance research has charac-
terized the psychophysical functions describing the relation of physical to psychologi-
cal distance, identified factors that influence the extent of psychological distance, 
modeled processes used to estimate distances during perception or from memory, and 
more. Below we discuss some distance research that bears on the way graphical ap-
pearance may affect perceived distance in information displays. Our work also con-
nects information visualization to a large body of research on the psychology of simi-
larity [e.g., 20, 21, 22]. This research has described various perceptual and conceptual 
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factors that influence judgments of similarity, modeled how different factors are com-
bined or given differential attention as a function of context or training, modeled the 
role of similarity relationships in the categorical organization of stimuli, and more. 
Although this research has much to say about similarity judgments made from infor-
mation displays, it does not specifically address in detail how people interpret differ-
ent forms of distance in terms of representing similarities.  

Alternatively, one may consider information displays from the perspective of 
graphic perception. The displays may be meant to suggest or represent landscapes, but 
they are small graphic displays, either static or dynamic. Phenomena that influence 
the perception of distance or similarity among graphic elements in pictorial displays 
might be expected to influence judgments about the entities represented metaphori-
cally by the graphic elements. One such phenomenon that has been studied systemati-
cally for well over a century is the filled-space illusion [23, 24]. Intervals separating 
graphical elements that are empty (blank) appear shorter than do intervals containing 
intervening elements. If distance is interpreted by users to signify similarity in an 
information display, we expect filled intervals to appear longer and lead to judgments 
of lower similarity. However, though the effect is fairly reliable, it is modest in 
strength and would not be expected to affect similarity much in situations where the 
interval distances being compared are fairly different. Another relevant perceptual 
phenomenon is the vertical illusion, also called the horizontal-vertical illusion [25, 
26]. This refers to the fact that vertically-oriented lines in the visual field appear 
longer than horizontal lines of the same length. Again, if distance is interpreted to 
signify similarity, we expect the vertical illusion to bias judgments of similarity ac-
cordingly.  

Perceptual phenomena may influence judged similarity not just through an influ-
ence on perceived distance but through an influence on perceptual grouping. As dis-
cussed by the Gestalt school of perceptual psychologists, including Wertheimer and 
Koffka [reviewed in 27, 28], the arrangement of features in a picture or graphical 
image will influence the perceived thematic or group membership relations of ele-
ments. The laws of perceptual organization describe stimulus conditions under which 
separate elements in graphical displays will be grouped into coherent higher-order 
features. Under certain conditions, for example, a concentration of points will be seen 
as a cluster or object. Those conditions include various aspects of graphical similarity, 
proximity, continuation, familiarity, and so on. If graphical elements are perceived to 
be part of a higher-order feature, users may make a categorical or typological infer-
ence that the separate elements are more similar (they may or may not perceive them 
to be closer). We refer to this as the emergent-feature effect.  

In this paper, we present results from two experiments on perhaps the simplest of 
spatialization metaphors—an area or cloud of points, each point meant to signify an 
information-bearing entity such as a book or news story. We call this a point-display 
spatialization. In both experiments, we examined the way people interpret informa-
tion displays consisting of points. We wanted to find out how people would interpret 
the graphical layout of the displays in order to arrive at judgments of semantic simi-
larity among the documents. On different trials, participants viewed and made similar-
ity judgments while viewing different point displays; the different displays varied the 
spatial relationship between two pairs of comparison points (documents) and varied 
the context provided by other points in the display. In addition to the point-display 
trials, both experiments also tested other spatialization metaphors, including net-
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works, regions, and network-region hybrids. But in order to give the present paper a 
clear focus and manageable size, we focus exclusively on the point displays here. 
Results for the additional display types will be reported in a forthcoming paper.   

2 Experiment 1  

In our first experiment, we investigated how users interpret point-display spatializa-
tions. In addition to an initial exploration of how users interpret such displays, we 
wanted to test our data-collection methods, including our similarity comparison re-
quest and rating scale. We showed research participants computer displays of simple 
point displays, explaining that the points represented documents. Three of the docu-
ment points were labeled ‘A,’ ‘1,’ and ‘2;’ participants were asked to compare the 
similarity of A and 1 to the similarity of A and 2. A 9-point scale was provided for 
them to express their judgments of similarity on an interval scale. Thus, the main task 
of the experiment involves comparing the relative similarity of two pairs of compari-
son document points. We varied the point displays across trials with respect to the 
direct distances between the comparison points and the possible emergence of a clus-
ter feature.  

2.1 Methods  

2.1.1 Participants. Forty-four students (25 males and 19 females) from an under-
graduate regional geography class took part in the experiment, with a mean age of 
21.0. They received a small amount of course credit in return for their participation. 

2.1.2 Materials. Participants viewed computer displays composed of black points, 

created using ESRI ArcMap
®
. Each point was intended to represent a single docu-

ment in a digital database. In each display, three points to be compared for similarity 
were labeled with red text as ‘A,’ ‘1,’ and ‘2’ (see Figure 1). Participants were 
prompted to “compare the similarity between document A and document 1 with the 
similarity between document A and document 2.” They rated similarity on a 9-point 
scale ranging left to right from ‘5’ to ‘1’ and then back up to ‘5’ (5-1-5 was trans-
formed to 1-9 for analysis). On the left, ‘5’ was labeled “Documents A and 1 are 
much more similar to each other.” In the middle, ‘1’ was labeled “1 and 2 are equally 
similar to A.” On the right, ‘5’ was labeled “Documents A and 2 are much more simi-
lar to each other.” In this paper, we refer to the pair of documents A and 1 as ‘A:1,’ 
and that of A and 2 as ‘A:2.’  

Participants viewed 10 different point-display trials in a block (as mentioned 
above, they also viewed 30 additional trials involving other display metaphors). The 
point displays were varied to allow comparisons of the effects of different visual as-
pects of the point displays on judgments of similarity, specifically (1) straight-line 
distance, (2) vertical illusion, and (3) emergent cluster of points (the potential phe-
nomenon that an aggregation of neighboring points would be perceived as a cluster of 
related documents). Graphical elements that were not thought to affect  similarity 
judgments between the comparison points (such as the absolute location of the point 
on the screen) were varied non-systematically. 



320      Daniel R. Montello et al. 

 

Fig. 1. Sample screenshot from an Experiment 1 trial, showing display, similarity question, and 
rating scale as they appeared to participants. The 5-1-5 scale shown to participants was trans-
formed into a standard 1-9 scale for data analysis and description 

Participants were introduced to the concept of similarity, the style of the trials, and 
the format of the response scale through three practice trials at the beginning of the 
test. To avoid priming any particular equivalence between distance and similarity, the 
practice trials prompted judgments of non-distance similarity (e.g., by asking for a 
comparison of the similarity of images of a pet dog, a domestic cat, and a tiger). Par-
ticipants also responded to 11 pre-test questions asking about their personal back-
ground, including questions on age, sex, the presence of visual impairments (includ-
ing specifically color blindness), as well as their formal experience in particular areas 
such as cartography and GIS. After the main test questions, participants responded to 
28 post-test questions, such as how useful they thought each display type was for 
rating similarity and how easy it was to judge similarities for each display type. Par-
ticipants also indicated how they had judged similarity and whether the displays re-
minded them of anything.  

The experiment was administered using a Windows 2000 Pentium III personal 
computer. The interface was programmed with Microsoft Visual Basic 6.0. Images 
were projected onto a back-projection screen using an RGB color projector, generat-
ing an image size of 1.8 meters wide and 1.4 meters high, at 0.6 meters above the 
floor. Participants sat at a viewing table 2.7 meters in front of the screen, resulting in a 
horizontal viewing angle of approximately 37°. A standard mouse and keyboard were 
used to answer questions. Answers were recorded automatically and stored digitally, 
including the time required to make similarity judgments. Response time was meas-
ured as the elapsed time in milliseconds between when the trial display appeared on 
the screen and the moment the participant proceeded to the next trial.  



Testing the First Law of Cognitive Geography on Point-Display Spatializations      321 

2.1.3 Procedure. Prior to each test, participants were briefed that they would be pre-
sented with a series of trials about “diagrams that show an information collection 
from our computer database. The database contains documents such as news stories, 
books, and journal articles.” Participants were told that each document would be 
shown as a single point. No information was provided on how to judge similarity. 
Participants were assured that there were no right or wrong answers and were asked 
not to waste time, as their answers would be timed. Participants then answered the 
pre-test questions and performed the practice trials. Following that, participants re-
sponded to the main test trials organized into four separate blocks (the block of point 
displays plus three blocks for the other metaphor types mentioned above), so that 
participants rated all trials of one display type before turning to another type. The 
block of point trials was presented in a counterbalanced order with the network and 
region blocks, so that an equal number of participants responded to point trials first, 
second, or third. All participants responded to network-region trials last. Trials within 
each block were presented in a different randomized order for each participant. After 
completing the main test trials, participants answered the post-test questions, were 
marked down for credit, and thanked for their participation.  

2.2 Results and Discussion 

Similarity ratings were treated as 9-point interval scales, by scoring a response of ‘5’ 
to the far left (“A and 1 much more similar”) as a ‘1,’ a response of ‘5’ to the far right 
(“A and 2 much more similar”) as a ‘9,’ and a response of ‘1’ in the middle (“1 and 2 
equally similar to A”) as a ‘5.’ Thus a mean rating less than 5 indicates that partici-
pants saw A:1 as more similar, while a mean rating greater than 5 indicates they saw 
A:2 as more similar. Participants apparently did equate direct distance with 
(dis)similarity, rating closer document pairs as more similar. Figure 2a shows an ex-
ample where the actual direct distance between A:1 equals that between A:2. Partici-
pants gave this a mean rating of 5.1, which is not significantly different from 5.0, a 
rating of exactly equal similarity between A:1 and A:2. In contrast, Figure 2b shows 
an example where the actual direct distance between A:1 is much less than between 
A:2. On this trial, participants rated the relative similarity as 4.0, which indicates that 
A:1 is seen as significantly more similar than A:2. In fact, on all four of the point-
display trials in which the direct distances between A:1 and A:2 differed, participants 
rated the closer pair as significantly more similar.  

On three of the six point-display trials in which the direct distances between A:1 
and A:2 were equal, participants rated the two pairs as not significantly different in 
similarity. On the other three, therefore, participants rated the two pairs that were 
actually equally distant as being significantly different in similarity. These trials con-
tradict the basic principle of direct distance equaling similarity. Two perceptual phe-
nomena explain these trials. First is the vertical illusion, in which vertical separations 
appear longer than horizontal separations. Figure 2c shows an example where the 
actual direct distance between A:1 equals that between A:2, but A:2 is vertically dis-
played while A:1 is horizontally displayed. As we anticipated, participants rated the 
relative similarity as 4.4, which indicates that A:1 is seen to be significantly more 
similar than A:2. The second relevant perceptual phenomenon is the emergent-feature 
effect. Figure 2d shows an example where the direct distance between A:1 again 
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equals that between A:2, but A and 2 are members of an emergent cluster of points. In 
this case, participants rated the relative similarity of the two pairs as 6.7, which indi-
cates that A:2 is seen to be significantly more similar than A:1. 

 

  
(a) M=5.1, SD=0.6, t(43)=1.11, p>.05 (b) M=4.0, SD=1.9, t(43)=3.49, p<.01 
 

  
(c) M=4.4, SD=1.8, t(43)=2.21, p<.05 (d) M=6.7, SD=2.2, t(43)=5.13, p<.0001 

Fig. 2. Sample displays and similarity ratings for four trials of Experiment 1. The t-scores are 
tests of significant differences from 5.0, a neutral rating (“1 and 2 are equally similar to A”) on 
the transformed 1-9 scale (rating <5 indicates A:1 are more similar; >5 indicates A:2 are more 
similar). A neutral rating for equal comparison distances is demonstrated in (a), while the closer 
document point is rated as more similar in (b). The vertical illusion occurs in (c), while an 
emergent cluster occurs in (d); (M=arithmetic mean, SD=standard deviation, t=t-score [degrees 
of freedom], p=probability difference is due to chance) 

To interpret these data more systematically, we calculated mean correlations of the 
ratio of direct distance between A:1 and A:2 with rated similarity. A Pearson’s corre-
lation coefficient was calculated separately for each participant, with the number of 
pairs of data points equal to the number of trials (10 in this case). These correlations 
were positive for 37 of the 44 participants. The correlations were normalized by 
Fisher’s r-to-z transformation [29]. The arithmetic mean of the resulting z-scores was 
calculated by aggregating across participants. The mean z-score, transformed back 
into a correlation coefficient, equaled .43 (given how the data were coded, a positive 
correlation indicates that the closer pair is seen to be more similar). Based on a t-test 
calculated on the z-scores, this correlation is significantly greater than 0, t(43) = 6.31, 
p<.0001. This correlation was equally strong for female and male participants, not 
significantly differing as a function of participant gender, F(1, 42) = 0.24, p>.05. The 
correlation also did not significantly differ as a function of the order in which partici-
pants saw the block of point-display trials, F(2, 41) =0.40, p>.05. This null result is 
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important, because it demonstrates that whether participants viewed network and/or 
region displays before viewing point displays did not much influence their interpreta-
tion of those point displays. 

Participants took a mean of 12.2 seconds (SD = 7.2 s) to respond to each point-
display trial (the fastest response was 4.9 s, the slowest was 40.6 s). Female and male 
participants answered nearly equally quickly; response-time not significantly differing 
as a function of participant gender, F(1, 42) = 0.28, p>.05. Response-time did vary 
significantly as a function of the order in which participants saw the block of point-
display trials, F(2, 41) = 5.58, p<.01. Participants who saw point-display trials third 
(after the network and region trials) were fastest (8.2 s), those who saw point-display 
trials second were slowest (16.5 s), while those who saw point-display trials first were 
intermediate in their speed of response (13.2 s). In general across all types of displays, 
most participants responded slowest near the beginning of the experiment and sped up 
after that. For some reason, a few participants answered exceptionally slowly to point 
trials during the second block. 

Finally, we examined participants’ self-reports of how they interpreted the point 
displays. In response to the post-test question “How much did you consider the dis-
tance between documents in your answers?,” participants marked a mean response of 
2.4 on a 3-point scale that included “not at all,” “somewhat,” and “very much” (one 
participant did not answer). In order to find out if these self reports actually related to 
how participants interpreted the displays, we correlated participants’ self reports with 
their distance-similarity correlations (in z-score form). This correlation was .32, a 
modest yet significant relationship (p<.05), suggesting that participants were able to 
judge their own interpretation strategies with at least some accuracy. 

3 Experiment 2 

In our second experiment, we attempted to replicate and extend the results we ob-
tained with point-display spatializations in our first experiment. In particular, we 
examined the distance-similarity relationship by systematically varying distances 
between the two pairs of comparison documents; the range of variation was rather 
restricted and varied haphazardly in Experiment 1, with the comparison distances 
actually equal in 6 of the 10 trials. We also wanted to replicate and further explore the 
emergent-feature effect we found in Experiment 1, wherein two document points 
within a cluster of points were seen to be part of a common structure and therefore 
seen to be more similar. In addition to this emergent cluster, however, we unexpect-
edly found possible evidence for an emergent-line effect in Experiment 1.Two trials 
had one or two points intervening between either A:1 or A:2. In at least one case, the 
similarity ratings suggested that participants may have seen a linear sequence of 
points as an emergent linear feature, which might have influenced similarity ratings as 
did the emergent cluster. Finally, in this experiment we varied the size of the viewed 
displays. If participants compared distances between the document points in order to 
arrive at similarity judgments, we wondered if only relative distance was important, 
or whether absolute distance might play a role. The possible role of spatial scale in 
perceptual and cognitive tasks has been discussed in recent literature [e.g., 30]. Does 
the scale of the display influence the impact of differing relative distances? 
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3.1 Methods 

3.1.1 Participants. Forty-eight students (27 males and 21 females) from an under-
graduate introductory human geography class took part in the experiment, with a 
mean age of 21.5. They received a small amount of course credit in return for their 
participation. None had participated in Experiment 1. 

3.1.2 Materials. As in Experiment 1, participants viewed computer displays com-
posed of different graphical elements. However, only point and region displays were 
tested in this experiment (and both black-and-white and colored regions were in-
cluded). All displays again included black points with three points to be compared for 
similarity labeled as ‘A,’ ‘1,’ and ‘2.’ Participants performed the same similarity 
judgments using the same scale as in Experiment 1. 

The block of point displays consisted of 16 trials in this experiment. This block 
was presented in a counterbalanced order with three other blocks (involving region 
trials), for a total of 94 test trials. The point displays were again systematically varied 
to allow comparisons of the effects of different visual metaphors on judgments of 
similarity. In this experiment, the point displays were varied to allow examination of 
the effects of (1) straight-line distance, (2) emergent clustering of points, and (3) the 
number of intervening points between documents (i.e. a possible emergent linear 
feature). Straight-line distances among points were varied systematically so that the 
ratio of the distance between A:2 to the distance between A:1 varied from 1.0 (equal) 
to 1.5, 2.0, 2.5, or 3.0 times as long. To avoid possible confounding by the vertical 
illusion, comparisons between A:1 and A:2 were matched in orientation on the screen 
(i.e., both vertical, horizontal, or diagonal). 

Participants responded to five practice trials in Experiment 2, similar to those from 
Experiment 1 but including a couple dealing with color. After the main test trials, 
participants answered 56 post-test questions including the same 11 questions used in 
Experiment 1 about their personal backgrounds. The additional post-test questions 
were adapted from Experiment 1 to account for the new display types. 

We used the same equipment and setup as in Experiment 1, with one important ad-
dition. In Experiment 2, we varied the size of the projected image of the displays. 
Two sizes were used, Small and Large. Half of the participants viewed the small im-
age from a distance of 1.6 meters, projected to be .6 meters wide and .4 meters high, 
at a height of 1.2 meters above the floor; this resulted in a horizontal viewing angle of 
approximately 20°. The other half of the participants viewed the large image, which 
was projected the same as in Experiment 1: 1.8 meters wide, 1.4 meters high, at 0.6 
meters above the floor. Viewed from 2.7 meters in front of the screen, the horizontal 
viewing angle was approximately 37°. 

3.1.3 Procedure. Participants were tested exactly as in Experiment 1. The main test 
trials were again organized into blocks of the same display type, so that participants 
responded to all trials of one type before proceeding to another type. Block order was 
fully counterbalanced, and trial orders within blocks were randomized for each par-
ticipant. 
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3.2 Results and Discussion 

As in Experiment 1, similarity ratings were scored so that a mean rating less than 5 
indicates that participants saw A:1 as more similar, while a mean rating greater than 5 
indicates that participants saw A:2 as more similar. Because several of the trials in 
this experiment were specifically designed to examine emergent-feature effects, 
which we discuss below, we begin here by restricting our examination to the five 
trials designed only to vary direct distance over relatively unfilled space. On these 
trials, we systematically varied the ratio of the distances between A:2 and A:1 from a 
ratio of 1/1 (equal distances) to a ratio of 3/1 (A:2 3 times as far apart as A:1). On the 
trial where this ratio equaled 1.0, participants in fact rated the relative similarity of the 
two pairs as 4.9, which is not significantly different from 5.0. For the remaining trials, 
where the ratio got systematically larger (A:1 got relatively closer), the similarity 
ratings declined accordingly (approached greater similarity for A:1): 4.4, 3.7, 3.3, 3.4. 
These were all significantly less than 5.0. Interestingly, the pattern supports a linear 
relationship between direct distance and similarity across the scale of the experiment, 
with the exception that the most extreme distance difference between A:2 and A:1 
(ratio of 3/1) led to A:1 being rated as no more similar than the next most extreme 
difference (ratio of 2.5/1). This small difference in relative distance was either imper-
ceptible to participants, or exceeded some threshold at which distance differences no 
longer influence perceived similarity.  

As in Experiment 1, we calculated mean correlations for each participant of direct 
distance ratios A:1/A:2 with rated similarity across trials, restricting the correlations 
just to the five trials described above. These correlations were positive for 37 of the 
48 participants, again indicating that the closer pair is seen to be more similar. (Corre-
lations for two participants could not be calculated, as they rated all five trials as hav-
ing equal similarity). The mean correlation (based on z-score transformed values) 
equaled a robust .70, which is statistically significantly greater than 0, t(45) = 6.06, 
p<.0001. This correlation was nearly identical for female and male participants, F(1, 
44) = 0.04, p>.05. The correlation also did not significantly differ as a function of the 
order in which participants saw the block of point-display trials, F(3, 42) = 0.37, 
p>.05. As in Experiment 1, whether participants viewed region displays (with or 
without colors or black borders) before viewing point displays did not influence their 
interpretation of those point displays.  

We next examined the seven trials specifically designed to test for emergent-cluster 
effects. These trials placed two of the three comparison document points within a 
cluster of points in the display. Figure 3a shows an example where the direct distance 
between A:1 is much less than between A:2, but A and 2 are inside a cluster of points. 
Participants gave this a mean rating of 6.4, indicating significantly greater similarity 
of A:2 than A:1. On all of the trials where A shared a cluster with either 1 or 2, but 
not both, the pair of documents sharing the cluster were rated as significantly more 
similar, even when they were not as close together. As Figure 3b shows, this emergent 
cluster effect occurred even when the cluster was formed by a fairly sparse concentra-
tion of points. 

The final four trials were designed to test for emergent-feature effects of a different 
kind, namely emergent linear features produced by points intervening between the 
comparison points. In all four trials, the direct distances between A:1 and A:2 were 
equal. In one trial, a single point intervened between A and 1. That did not produce an 
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emergent-feature effect, as participants rated the relative similarity of the two pairs as 
4.9. Two intervening points in another trial produced no effect either, being rated as 
5.1 (Figure 3c). But both three and four intervening points (four shown in Figure 3d) 
produced a noticeable emergent linear feature: The mean similarities for the two trials 
were 3.8 and 3.4, both significantly less than 5.0. 

 

  
(a) M=6.4, SD=2.3, t(47)=4.22, p<.001 (b) M=3.3, SD=1.3, t(47)=9.06, p<.0001 

  
(c) M=5.1, SD=1.9, t(47)=0.36, p>.05 (d) M=3.4, SD=1.9, t(47)=5.83, p<.0001 

Fig. 3. Sample displays and similarity ratings for four trials of Experiment 2. The t-scores are 
tests of significant differences from 5.0, a neutral rating (“1 and 2 are equally similar to A”) on 
the transformed 1-9 scale (rating <5 indicates A:1 are more similar; >5 indicates A:2 are more 
similar). Emergent-cluster effects are demonstrated in (a) and (b). An emergent-linear effect 
does not occur in (c) but does in (d); (M=arithmetic mean, SD=standard deviation, t=t-score 
[degrees of freedom], p=probability difference is due to chance) 

Participants took a mean of 8.5 seconds (SD = 3.8 s) to respond to a point-display 
trial in this experiment (the fastest response was 3.3 s, the slowest was 21.5 s). This is 
3-4 seconds faster than in Experiment 1. Female and male participants answered 
nearly equally quickly, F(1, 46) = 0.07, p>.05. As in Experiment 1, response times 
varied significantly as a function of the order in which participants saw the block of 
point-display trials, F(3, 44) = 6.12. Participants who saw point-display trials first 
were slowest (11.9 s), followed by those who saw them second (8.1 s), while those 
who saw them third or fourth were nearly identically fast in their responses (6.9 and 
7.0 s, respectively). This fits a general pattern in which participants get faster as the 
experiment progresses, and they get accustomed to the displays and similarity rating 
task.  

In this experiment, participants were assigned to view the displays at one of two 
sizes, Small or Large. Mean similarity ratings averaged over all trials did not signifi-
cantly differ (4.0 for Small, 3.9 for Large), nor did mean response-times (8.3 s for 
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Small, 8.6 s for Large). However, display size did influence the strength of the dis-
tance-similarity relationship on the five trials that varied direct distance systemati-
cally. For these trials, participants viewing Small displays had a mean distance-
similarity correlation of .52, while those viewing Large displays had a mean distance-
similarity correlation of .83. This difference is statistically significant, F(1, 44)=4.93, 
p<.05. Display size influenced the operation of the distance-similarity metaphor; lar-
ger images strengthened the correspondence between direct distance and perceived 
similarity. Display size apparently did not influence the emergence of clusters or 
linear features; only one of the 11 trials that tested these effects revealed a significant 
difference in similarity ratings for the two viewing conditions (which is not unlikely, 
even given only chance variation).  

Finally, as in Experiment 1, we examined self-reports of how participants inter-
preted the point displays. In response to the post-test question “How much did you 
consider the distance between documents in your answers?,” participants marked a 
mean response of 2.9 on an expanded 5-point scale that included “not at all,” 
“slightly,” “somewhat,” “very much,” and “exclusively.” We again correlated partici-
pants’ self reports with their correlation of direct distance and similarity for the five 
appropriate trials. This correlation was only .16, a weaker relationship than in Ex-
periment 1 and statistically nonsignificant. However, in response to the post-test ques-
tion “How much did you consider the presence of documents grouped or clustered 
around the documents A, 1 and A, 2?,” participants marked a mean response of 3.3 on 
the 5-point scale; these responses correlated .57 (p<.0001) with the similarity rating 
given to the trial shown in Figure 3c, a trial that led to a strong emergent cluster. 
Similarly, in response to the post-test question “How much did you consider the pres-
ence of intervening documents between documents A, 1 and A, 2?,” participants 
marked a mean response of 2.7 on the 5-point scale (one participant did not answer). 
Responses to this question correlated -.35 (p<.05) with the similarity rating given to 
the trial shown in Figure 3d, a trial that led to a strong emergent linear feature. Both 
correlations of post-test self-report questions with similarity ratings are in the direc-
tion indicating that participants were able to judge their own interpretation strategies 
with some accuracy. 

4 General Discussion and Conclusions 

The two experiments reported here investigate how users interpret point-display spati-
alizations to infer similarity relationships. These displays represent information-
bearing entities, such as library documents, as a collection of points. The spatial and 
graphical relations among points are intended metaphorically to represent the seman-
tic similarities among the entities. Probably the most common way this has been done 
is to locate points so that more similar points are closer together. We have dubbed the 
notion that people will think closer things are more similar the first law of cognitive 
geography, by analogy to the well-known first law of geography. In the context of 
information displays, this law operates as the distance-similarity metaphor, wherein 
viewers of information displays equate direct (straight-line) distance with the dissimi-
larity between the reference entities supposed to be represented by the graphical ele-
ments.  
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The results of our two experiments provide qualified support for the validity of the 
first law of cognitive geography and its operation as the distance-similarity metaphor 
in the interpretation of information spatializations. When people view point represen-
tations of documents that appear against a fairly uniform background, either blank or 
evenly filled with other points, they equate metric direct distance to semantic similar-
ity. This relationship is approximately linear over the ranges we varied in these ex-
periments, though we did uncover evidence of a threshold at which further exaggera-
tion of the contrasts between two comparison distances will not further enhance 
similarity contrasts. In cases such as these where people apply the distance-similarity 
metaphor, graphical characteristics that produce phenomena in which perceived dis-
tance varies from actual distance will influence judged similarity. An example of such 
a phenomenon is the vertical illusion, in which vertically-oriented linear features will 
be perceived as relatively longer than horizontally-oriented features.  

However, when the background context against which people view comparison 
points is not uniform, having uneven groupings of points, visual organization of the 
points can negate the normal operation of the distance-similarity metaphor. A higher-
density collection of points against a sparser background of points is seen as a cluster; 
if two comparison document points are seen to be inside this cluster, they are seen as 
more similar, part of a common feature, even if another comparison point is in fact 
much closer in direct distance. Similarly, a string of points against a background of 
unorganized points is seen as a linear feature; if two comparison document points are 
part of this linear feature, they are seen as more similar, again part of a common fea-
ture (we showed in Experiment 2 that a set of at least three intervening points, a string 
of five points, is required to produce the perception of a line). We call these emergent-
feature effects. They can specifically override the distance-similarity metaphor, lead-
ing to a feature-similarity metaphor wherein elements that are part of the same feature 
share greater similarity. In terms of the mechanism of the emergent-feature effect, it is 
interesting to note that the perceived cluster or linear feature is a phenomenon of vis-
ual perception as the Gestalt psychologists described [e.g., 31]. The fact that people 
viewing the display assign greater similarity to points that are part of the same feature 
may reflect higher-level conceptual organization, however. In particular, such an 
interpretation by users is consistent with an expression of categorical (particularly 
regional) cognition [see 32, 33, 34].  

Another perceptual phenomenon that may be expected to influence the interpreta-
tion of graphical displays is the filled-interval illusion, wherein the interval separating 
comparison points has other points within it and thus appears longer. Either of our 
emergent features, clusters or lines, might be expected to produce this effect; although 
we do not yet have data substantiating it, a look at the sample displays in Figures 1 
and 2 suggests that this does happen (in 2d, A:2 looks further apart than A:1, even 
though they are equally distant). It is important to note that the implication of the 
filled-interval illusion for similarity judgments should be exactly opposite from the 
implications of the emergent-feature effect. Thus, concentrations of points may pro-
duce the appearance of greater distance separating points, but they apparently also 
lead to the impression of greater similarity, demonstrating a clear dissociation of dis-
tance and similarity relationships.  

In Experiment 2, we found a previously unreported effect of display size on the re-
lationship of judged similarities to relative distances between the comparison points. 
For baseline trials where direct distance determined participants’ judgments of simi-
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larity, the distance-similarity metaphor operated more strongly for participants who 
viewed the Large display than for those who viewed the Small display; the mean 
correlation of distance ratios with similarity was a considerable .52 for the Small 
display but a considerably larger .83 for the Large display. This difference occurred 
even though the size difference between Small and Large was not as great as it could 
be—the Large display was just three times wider and filled less than twice the width 
of the visual field than did the Small display. The result leaves open several interest-
ing questions about its precise mechanism. Is it the difference in sizes between the 
displayed images that matters (distal size), or the difference between the portions of 
the visual field filled by the images (proximal size)? Does the larger display exagger-
ate the perceived distance differences between the points, or does it simply increase 
the strength of correspondence between relative distances and similarities? These 
questions call for further research. In any case, this constitutes a novel empirical dem-
onstration that scale matters to the psychology of spatial information [30], and it po-
tentially has important implications for information visualization and communication.  

As noted above, the two experiments discussed in this paper included displays 
based on other spatialization metaphors, specifically networks and regions. In these 
experiments, along with a third that included only network displays, we have exam-
ined the operation of spatial metaphors used to represent similarity relationships. 
These experiments have also examined the possible role of several graphical variables 
that are not spatial per se, namely various aspects of color (hue, value, and saturation) 
and line thickness. These results will appear in a forthcoming paper. They are interest-
ing because they demonstrate how nonspatial (nongeometric) aspects can influence 
the interpretation of information displays. They are also interesting because they al-
low a comparison of different types of distance other than direct metric distance, such 
as network distance, that may stand for similarity in information displays.  

We are currently finishing a fourth experiment that addresses the distance-
similarity metaphor directly by having participants estimate distance instead of just 
similarity. In this experiment, as in our other experiments, three groups of participants 
view point, network, and region displays. One group of participants is randomly as-
signed to rate similarity as in the experiments described in this paper; because they are 
not told what to base those similarity judgments on, we call this “default similarity.” 
A second group of participants is randomly assigned to estimate distances between 
points; because they in turn are not told what type of distance to estimate, we call this 
“default distance.” The third group of participants is also randomly assigned to esti-
mate distances between points, but in this condition, they are told to estimate direct or 
straight-line distance; we call this “direct distance.” A comparison of ratings in these 
three conditions will address some of the issues brought up by the research in this 
paper, such as the possibility that emergent features can increase perceived similarity 
among documents at the same time they increase perceived distance •a clear excep-
tion to the first law of cognitive geography. These results should help us contribute 
further to the newly-developing area of scientific research on the use of information 
spatializations. Research in this area will help address basic questions about the 
cognitive processing of information displays and help inform the design of human-
information interfaces that are more effective, efficient, accessible, and enjoyable to 
use. 
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