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Abstract 

The purpose of this thesis was to better understand some reasons why errors occur when 

graph perceptual complexity varies. This question is interesting because perceived graph 

complexity may be more affected by factors other than the amount of information or the 

pattern of the data. The problem of line graph complexity was addressed here by 

investigating the extent to which graphical information can be efficiently processed with 

brief exposure times, when distracter line size, color and orientation varied. The results 

from four experiments showed that line graphs can be interpreted accurately in 50 ms. 

The results also showed that orientation, color and size are separable dimensions (Garner, 

1974) in a line graph context as evidenced by a lack of interference and also by the 

adoption of specific processing strategies that are only available when dimensions are 

separable. Errors of interpretation could be understood in terms of state- and process 

limitations as well as in terms of parallel and serial processing mechanisms. Parallel 

processing was assumed to occur when target and distracter lines were consistently 

oriented due to 'configural superiority effects' (Pomerantz, 1981). Serial processing was 

expected in inconsistent distracter line configurations due to low discriminability (process 

limitation) between the two lines (Garner, 1974). Differences in processing strategies 

appear to be related to the number and nature of the stimulus set permutations as well as 

the nature of the distracting information. Exploring separable dimension combinations, 

namely orientation-color, orientation-size and color-size, helped to explain performance 

efficiency by identifying situations under which state- and process limitations could 

account for errors and by identifying processing strategies that were most likely adopted 

to enhance performance. 
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Do Separable Dimensions Matter? 

Do Separable Dimensions Matter? Effect of Graph Complexity on Errors of 

Interpretation 

People need to communicate information to each other in an efficient and 

effective manner. One way to condense vast amounts of information is to display them in 

a graph. According to Pinker (1990), all graphs have a common characteristic even 

though information may be displayed in many different graph forms. That is, "each graph 

tries to communicate to the reader a set of n-tuples of values on n mathematical scales, 

using objects whose visual dimensions (i.e., length, position, lightness, shape, etc...) 

correspond to the respective scales, and whose values on each dimension (i.e., an object's 

particular length, position and so on) correlate with the values on the corresponding 

scales." [p. 74]. 

Graphs are used to display information and the relationships between variables. 

Graphs however, can differ in complexity by showing multiple variables and data 

patterns that vary, sometimes rendering the message in a graph simple to discern, but at 

other times making the message complex. Complexity is defined as, "the quality of being 

intricate or compounded" (Webster's Online Dictionary, 2006). Although the term 

complexity lacks a concrete definition in the graph literature, the word complex is 

sometimes used to explain why errors in graph interpretation occur. When the graph 

becomes too complex, peoples' ability to interpret the message in a graph deteriorates, 

which often leads to errors (e.g., Carpenter & Shah, 1998). 

Complexity has been shown to influence graph interpretation, including 

perceptual complexity (e.g., Lohse, 1993), the complexity of the task (e.g., Ratwani, 

Trafton & Boehm-Davis, 2003), and the conceptual complexity of the data (e.g., Roth, 

2004). To date, much research investigating graph interpretation has focused on how 
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graphs are constructed, but little is known about how people interpret graphical 

information when perceptual complexity varies. When a graph is perceptually complex, 

more errors of interpretation are expected to occur than when a graph is perceptually 

simple. Complexity, however, is an inference that cannot be directly measured. 

The purpose of this thesis is to better understand how graphical information is 

processed by inferring perceptual complexity from performance errors occurring when 

stimulus exposure times are very short. This is interesting because perceived graph 

complexity may be more affected by factors other than the number of variables in a graph, 

or the pattern of the data. Perceptual complexity can be explored by manipulating visual 

dimensions such as line color, thickness and orientation, which could make the message 

in a line graph stand out or become undetectable. Graph interpretability was investigated 

here by focusing on visual variables that, when combined, may lead to increased 

perceptual complexity. 

To determine the effectiveness of a graph, many different performance measures 

have been employed. Few studies employ subjective measures of graph interpretation 

such as certainty ratings (e.g., McClure, 1998; Murphy, 2000). Accuracy, response times 

and certainty ratings may be important indicators of perceived graph complexity; people 

should respond faster and be more certain when graphs are perceptually simple. These 

measures were thus chosen for the experiments reported in this thesis. 

Combinations of visual variables can be thought of as either separable or integral 

(Garner, 1974). According to Garner, separable dimensions are those that are perceived 

independently of one another. Variation in one dimension, therefore, has no effect on the 

perception of the other. For example, image size and line orientation have been found to 
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be separable in classification tasks (Gamer, 1974). However, integral dimensions are not 

perceived independently of one another. That is, variation in one dimension does affect 

the perception of the other. For example chroma and value have been found to be 

integral dimensions in classification tasks. Exploring the separability of dimensions can 

help better understand when perceptual processing is most efficient and which 

combinations of visual variables lead to more errors. The visual dimensions of color, 

orientation and size are explored here because they have been found to influence sorting 

times in speeded classification tasks (e.g. Gamer, 1974) and target identification in search 

tasks (Treisman & Gelade, 1980). Using a paradigm that combines target identification 

with classification, this thesis asks if separable dimensions matter for graph complexity 

and errors of interpretation. 

One way to explore the effect visual dimensions have on perception is to 

investigate when dimensions are processed pre-attentively to signal the message in the 

graph. Pre-attentively means that incoming information is processed automatically. That 

may happen when that message is clear, leading to relatively effortless interpretation (e.g., 

Pinker, 1990; Winn, 1994). Under those circumstances the amount of data in the graph 

or the pattern in the data may have no effect on graph interpretation. 

The efficiency of graph interpretation is related to the apparent complexity of the 

graph and to the clarity of the message in the graph. It was thus important to study how 

combinations of visual dimensions are processed to identify which ones may be 

processed pre-attentively. Some authors argue that perceptual complexity is related to 

how easily visual dimensions are encoded (e.g., Kosslyn, 1989). That was investigated 

here by varying line color, size and orientation in line graphs shown very briefly. 
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Outline of the Thesis 

A Chapter reviewing the history of graph research describes the questions that 

have guided investigations to date and how these have advanced the understanding of 

graph interpretation. Theories of graph comprehension are discussed in the next Chapter. 

The major theoretical contributions are discussed with respect to how they account for 

pre-attentive processing of information and how certain questions drive the search for the 

message in the graph. These contributions point to some limitations thought to restrict 

processing capabilities. Next, the Chapter entitled, "Graph Complexity" discusses how 

different types of complexity apply to graphs and defines the factors under investigation 

here. The processes thought to be involved in attention are outlined in the Chapter 

entitled, "Processing of Visual Dimensions". It outlines the relations between 

dimensions, the strategies that can be adopted for efficient performance, and discusses 

how and how quickly visual information can be processed. A Chapter summarizing the 

results of two preliminary studies is then presented. These aimed to determine if 

graphical information could be processed quickly and accurately. Following that, a 

Chapter outlining the motivation for the experiments reported in this thesis is presented. 

It includes a model describing the relations among the concepts tested and shows how 

these were tested in the experiments. That is followed by Chapters detailing Experiments 

1 through 4. All experiments explored which of the visual dimensions tested here, when 

combined, may affect graph perceptual complexity and thereby performance. All four 

Experiments explored the effects of perceptual complexity by limiting graph exposure 

time and measuring accuracy, response times and certainty when the visual dimensions of 

line color, line thickness and line orientation vary. The Experiments aimed at 
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understanding how these visual dimensions combine to allow parallel processing of 

information and guide the graph reader to explicitly identify the message in very briefly 

exposed line graphs. A General Discussion, which includes a summary of main findings 

and contributions of the research presented in this thesis, is followed by a set of 

conclusions. 
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History 

This chapter outlines the history of graph research. It documents the questions 

that researchers have attempted to answer with respect to the presentation and 

interpretation of graphical data and outlines where this thesis is positioned. 

In 1786, Playfair (as cited in Hink, Euastace, & Wogalter, 1998; See Feinberg, 

1979; and Wainer & Thissen, 1981, for reviews) demonstrated that line graphs could be 

used to show trends in statistical data. In 1915, the Joint Committee on the Standards for 

Graph Presentation (Brinton, 1915) recommended that common standards be applied 

when constructing and displaying graphs, for example, that the general arrangement of 

the diagram should proceed from left to right, thereby following the direction of reading 

in the western world. These recommendations were made primarily with respect to line 

graphs but with one recommendation for the use of bar graphs. The question that drove 

this inquiry concerned how data could be depicted. 

Eleven years later, Eells (1926) asked which method best represented different 

components (e.g., categories) of the data. Eells, and other researchers (Croxton & 

Stryker, 1927; von Huhn, 1927) began to study best methods of graph depiction. The 

question driving their research was primarily concerning which graphical form is best to 

convey information accurately and efficiently. 

Eells (1926) outlined various objections launched against the pie chart method of 

display, such as 1) the inability to read it as rapidly and easily as a bar diagram, and 2) 

the inability of people to interpret a circle graph accurately. The reason given for the 

inaccuracies was the assumption that people cannot judge areas and chords accurately 

and that the human eye cannot accurately compare angles and arcs. Eells (1926) tested 
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the opinions of his predecessors by conducting the first experiment comparing circle 

graphs to stacked bar graphs. Eells found participants were slightly faster at interpreting 

circle graphs than bar graphs. He concluded that the claims of his predecessors were 

inaccurate—that circle graphs were not inferior to bar graphs. However, it is worth 

noting that Eells asked for percentage judgments, which could have been more difficult 

with bar graphs than with circle graphs. It is possible that different processes are 

involved in judging lengths of bars in bar graphs and angles in circle graphs and that 

therefore these two data formats support different types of tasks. 

Von Huhn (1927) later identified problems with Eells's (1926) method, including 

the absence of a scale and labels on graphs. Von Huhn went on to measure the accuracy 

of ratio judgments in a similar fashion to Eells and found that stacked bars led to better 

performance than circles. However, Eells asked participants for percentage judgments 

and von Huhn asked for ratio judgments, so the differences could be attributed to the task 

rather than the type of graph. 

The conflicting evidence for performance with bars and with circles prompted 

Croxton and Stryker (1927) to investigate the accuracy of percentage judgments between 

bars and circles when varying the number of sections. When participants judged 

percentages they found that more errors were made for bars than for circles. One 

important contribution of that study is the conclusion that no general statement could be 

made as to which is more desirable—circles or bars, for representing component parts— 

although it appears that their results slightly favor circles. Another important 

contribution of their study was the attention paid to the rotation of the angle for the circle 

graph (centered at 1:30 and 6:00, shown in Figure 1). Participants made more errors 
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when the angle was centered at 6:00 than at 1:30, yet even at the 6:00 angle, participants 

were more accurate than with the equivalent bar graph. 

Centered at 1:30 Centered at 6:00 

Figure 1. Example of circles shown centered at 1:30 and 6:00. 

This finding added a layer of complexity to the question of how best to display 

data - showing that angle of rotation has an effect on performance. 

A further advancement in the quest to display data better was made a few years 

later when Croxton and Stein (1932) examined graph types based on squares and cubes. 

For example, participants were shown cue cards with pairs of circles, bars, squares or 

cubes, and were asked to estimate the size of the smaller one in relation to the larger one. 

Pairs were arranged either side-by-side (aligned on the bottom), one above the other, or 

center aligned. The results of that experiment were inconclusive although it did show 

that there was no difference between bottom- or center alignment. The study was useful 

because it raised questions regarding how to arrange items to be compared. 

These early studies share some commonalities. First, the superiority of one graph 

type over another was measured primarily in terms of errors. All of the studies asked 
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participants to provide an estimate rather than to choose between estimates provided in, 

say, a multiple choice format. In those studies, errors could have been due to the 

necessity to be overly precise. In an effort to ensure that task performance was due to the 

experimental manipulations and not the response option format, a multiple choice 

paradigm was adopted throughout this thesis. 

These early studies examined error when estimating percentages or ratios. Little 

attention was paid to the strategies used to interpret the graphs, although Eells' (1926) 

first study indirectly attempted to evaluate how people judge percentages by asking them 

about the method they used. The problem with that study, however, was that participants 

were provided with methodological options from which to select, including areas of 

sectors, central angles, arcs on circumferences, and subtending chords. That method 

assumes participants knew and can accurately report which method they used. This 

thesis investigated how people encode and process information by varying visual 

dimensions. This was done to determine the source of errors, which in turn could inform 

the method used to complete the task. 

More recently, many authors have continued to explore the best methods for 

displaying data (Berlin, 1983; Tufte, 1983; and Tukey, 1990). Unfortunately, these 

authors report little empirical evidence for many of their claims. For example, Tufte 

(1983) has produced a theory of "data graphics" proposing that the ratio of data to ink on 

a graph should be maximized. By maximizing the amount of ink dedicated to the data 

rather than to other graph attributes such as grid lines and icons, for example, the graph 

becomes easier to interpret. This has become known as the data-to-ink principle. He 

provides no empirical evidence for his position, as is also true of Tukey's (1990) later 
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work on displaying data. Tukey suggests future directions for graph research as well as 

for the methods that should be used to display data. 

Although the debate regarding the best methods to display data still continues, 

researchers who have explored the use of bar graphs versus line graphs have generally 

agreed that bar graphs best represent value identification and comparisons, whilst line 

graphs provide pattern recognition and trend predictions (e.g., Pinker, 1990; Zacks & 

Tversky, 1999). 

The question of how people interpret and comprehend graphical information is 

still the focus for many authors (e.g., Carpenter & Shah, 1998; Kosslyn, 1989; Lohse, 

1993; Pinker, 1990; Winn, 1994; Zhang, 1996; Zhang & Norman, 1994), as is the 

question of how graphical elements are perceived (Cleveland & McGill; 1984; Hollands, 

2003; Hollands & Spence, 1998; 2001; Lohse, 1993; Simkin & Hastie, 1987). This thesis 

explored how the perception of visual dimensions may affect interpretation in an effort to 

better understand graph complexity. The approach of examining errors occurring on only 

one graph type and exploring only one type of graph reading task can lead to a better 

understanding of how graphical information is processed. This is because errors can be 

attributed to perceptual processes only. This approach can lead to a better understanding 

of the method used to interpret the graph. 
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Graph Comprehension Process 

This Chapter describes the contributions made by graph comprehension authors 

described earlier. For the purposes of this thesis, ideas that are testable and can be 

falsified will be referred to as 'theory" (Popper, 1959; Cleveland & McGill, 1984), 

regardless of whether the authors referred to their ideas as such. With that qualifier in 

mind, Pinker (1990) developed what I will call a framework, because, although it has 

many testable segments, his model is not testable or falsifiable as a whole. It is, however, 

broad enough to accommodate an analysis of other authors' ideas to explore how each 

contributes to the understanding of graph comprehension and the reasons errors occur. 

Consequently, Pinker's (1990) framework will be discussed. 

The primary objective of this Chapter is to distinguish between the concepts of 

graph perception, graph interpretation and graph comprehension. To achieve this, 

Pinker's (1990) model of graph comprehension is discussed with respect to the stages and 

the processes that guide graph perception, graph interpretation and graph comprehension. 

The first section provides an overview of 'graph perception' with reference to a 

range of models that have been proposed. It aims to show the relationship of these to 

Pinker's model. Graph perception refers to the physical aspects of the graph that the 

reader is seeing and the processes involved in encoding the information (e.g., Cleveland 

& McGill, 1984; Simkin & Hastie, 1987). Next, a section on the 'matching' process is 

outlined. It describes one of the processes proposed to account for how graph perception 

leads to graph interpretation. A section on 'graph interpretation' then illustrates that the 

concept entails extracting meaning from the graph (Kosslyn, 1989; Loshe, 1993; Pinker, 

1990; Winn, 1994). That section describes the way the term is used throughout this 
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thesis. The final section on 'graph comprehension' shows that when some meaning is 

extracted, an iterative cycle is said to ensue, which eventually leads to comprehension, 

which entails understanding (Pinker, 1990). Evidence for this iterative cycle of graph 

comprehension has been demonstrated in graph studies exploring eye fixation patterns 

(Carpenter & Shah, 1998). This thesis is mainly concerned with the perceptual processes 

that lead to graph interpretation and although the matching process and graph 

comprehension are discussed briefly, these were not specifically investigated. 

Graph Perception 

This section discusses how initial perception is argued to affect later interpretation. 

Graph perception begins with what Pinker (1990) calls the "visual array"—the point at 

which information is received through the retina, in a two-dimensional form. This initial 

process of perception is also referred to as the "perceptual image [comprising] basic level 

graphic constituents" (Kosslyn, 1989) or "visual primitives" (Lohse, 1993; Marr & 

Nishihara, 1978), and "visual system variables" (Berlin, 1983). Winn (1994) and Kosslyn 

(1989) argue that the visual array is processed pre-attentively, and that these pre-attentive 

processes are not open to the influence of a person's prior knowledge. In that pre-

attentive view, visual information is first subject to processes Kosslyn refers to as 

discrimination, distortion, organization and prioritization. Discrimination means that 

variables can be distinguished from one another. Distortion refers to the way the 

variables are perceived, which concerns the errors that could occur. For example, the size 

or length of graphic elements, such as bars, could be underestimated. Prioritization refers 

to dimensions that take precedence over others, noting that some dimensions are noticed 

before others. Finally, organization refers to the way objects are grouped together. Winn 



Do Separable Dimensions Matter? 13 

(1994) refers to these same processes as discrimination, configuration and detection. 

Although Winn (1994) describes how people interpret graphical representations, his use 

of the term configuration means the same as organization, and detection is the same as 

Kosslyn's notion of prioritization. Both researchers argue that the initial pre-attentive 

processes are necessarily performed in a bottom-up manner and are hence data-driven. 

That is, the visual information comes from the graph rather than from information a 

graph viewer may have stored in memory. This is consistent with Pinker's notion of the 

visual array. Thus, if a person is unable to detect symbols, discriminate between the 

symbols, or organize symbols, errors will occur. If indeed graph readers are able to 

perceive some information pre-attentively, it should be processed automatically with little 

or no cognitive effort. That is, these pre-attentive, automatic visual processes are said to 

be responsible for the initial encoding of graphical information (Kosslyn, 1989; Winn, 

1994). This is what Pinker refers to as 'default encoding'. Despite these differences in 

terminology, researchers generally agree on the components of the visual array, its 

function as well as the initial perceptual processes. 

Pinker refers to the second stage in graph perception as the 'visual description'. 

He refers to the 'visual encoding process' as the mechanism by which the visual 

description is created from the visual array. The visual description stage serves two 

functions. First, it provides a structural description of the graph and the visual constraints 

for the type of graph being viewed. The structural description specifies the relations 

among the parts, such as bars of varying heights and the visual constraints that specify 

how the scale on the y-axis, for example, should be used for accurate interpretation. 

Second, it is the stage at which meaning is ascribed to the various parts such as bars 
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representing values of some variable, which is similar to Kosslyn's (1989) 'semantic' 

level of analysis. However, according to Pinker, the visual encoding process limits the 

amount of information that a visual description can contain, which is limited to 7 +/- 2 

chunks of information (Miller, 1956). People are believed to have a 'default encoding 

mechanism' that influences the likelihood of certain aspects of a graph being noticed. The 

pre-attentive processing said to occur in the initial stage of processing mentioned above, 

is the result of practice with similar graphs. Thus, familiarity with certain types of graphs 

may activate a default encoding mechanism that will allow the person to automatically 

encode the information on the graph. Regardless of the effect of practice, errors are 

thought to occur as a result of capacity limitations in working memory, which may fail to 

guide perception accurately. 

Visual information may become difficult to detect when the number of visual cues 

increases (Bertin, 1983; Winn, 1994). A visual cue can represent any item of information 

shown on a graph, such as the number of lines, or the number of bars, or the colors 

associated with each. Given this, at least one prediction can be made regarding causes of 

errors. Graphs with more visual cues will result in more errors than graphs with fewer 

visual cues because a high number of visual cues in a graph may exceed the capacity of 

working memory. Increasing the number of visual cues beyond working memory 

capacity will make it harder to discriminate between them and more difficult to organize 

them. Unfortunately, the work of Pinker (1990), Bertin (1983), or Kosslyn (1989) does 

not account for how combining visual dimensions erroneously may result in graph 

interpretation errors when there are only a few visual cues. For example, graphs showing 

only two lines could be perceived as complex under some circumstances and simple 
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under other conditions. Assuming that some information is processed pre-attentively with 

little or no cognitive effort, the number of lines on a line graph may not be the only 

criterion for ensuring accurate interpretation. 

If graphs comprising two lines, of which only one line is of interest, result in poor 

performance under certain circumstances, one interpretation could be that 'visual noise' 

may negatively influence perception and cause performance errors. If the line of interest 

is too similar to the distracter line, the two may not be readily discriminable thus leading 

to errors. If the two lines differ too much, it is possible that the distracter rather than the 

target line will be noticed, which could also lead to errors. Evidence has been provided 

showing that some combinations of visual dimensions are processed easily, for example, 

those that share the same color (Carswell & Wickens, 1990; Treisman, 1988; Wickens & 

Carswell, 1995). The experiments conducted here investigated graph perceptual 

complexity at the perceptual level, which entails the "visual array" and "visual 

description" stages (Pinker, 1990). This was done to understand where, and explain why, 

errors may occur in initial perceptual encoding. 

Researchers generally agree that visual information is processed to allow it to be 

'organized' into chunks. These are susceptible to 'distortion' as people have a tendency 

to over- or underestimate size and length of bars, for example. The inability to 

'discriminate' between visual dimensions could lead to faulty encoding and thus to 

inaccurate grouping of variables belonging to a category, for example. When a graph 

displays too much information, the encoding process may become impaired due to 

inaccurate 'prioritization' of visual cues that should take precedence in processing. Thus, 

varying visual dimensions such as line thickness, -color and -orientation may affect graph 
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complexity by influencing the processes responsible for accurate encoding. That was 

explored here. 

Matching Process 

"Matching' is a term Pinker borrowed from a theory of long term memory (See 

Andersen and Bower, 1973) to describe how information gleaned from the visual 

description informs a stage called, 'instantiated graph schema'. This 'matching' process, 

Pinker says, compares the visual description to every memory schema for the visual 

scene, in this case a graph. Pinker defines 'schema' as a memory representation of 

knowledge in some domain. "[It] consists of a description, which contains slots or 

parameters for as yet unknown information. Thus, a schema can specify both the 

information that must be true of some represented object or a given class, and the sorts of 

information that will vary from one exemplar to another" (Pinker, 1990; 95). By 

'instantiated', Pinker means that every person has unique memory representations, 

against which incoming stimuli are compared. Pinker was not the first to use the term 

'schema' (e.g., See Bartlett, 1932), or the notion of'instantiated schema', which is 

similar in nature to the encoding specificity principle (e.g., See Tulving & Thomson, 

1973). Several other researchers also rely on the concept of 'schema' to explain how 

graph stimuli are integrated with memory representations (Carpenter & Shah, 1998; 

Kosslyn, 1989; Lohse, 1993). Although some errors are likely to occur because graph 

readers rely on memory representations, which are matched by some process with the 

incoming stimuli, possibly explained by schema (See McVee, Dunsmore & Gavelek, 

2005 for a review), that process is not specifically tested here. This 'matching' process is 

the point at which bottom-up processing meets with top-down processing. Top-down 
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processing refers to the information stored in the individual's long-term memory. Both 

bottom-up and top-down processing are involved in initial graph interpretation. Pinker's 

use of the terms 'top-down' and 'bottom-up' is consistent with authors such as Delorme, 

Rousselet, Mace and Fabre-Thorpe (2004), who investigated these two processes to better 

understand how they interact at a neural level, when people identify animals in a natural 

scene. 

The outcome of the matching process is related to Pinker's (1990) 'conceptual 

questions' and 'conceptual messages'. The conceptual question simply refers to the kind 

of information the reader wants to extract from a graph. That is, the reader approaches a 

graph with a particular question in mind, for example, 'is the stock value increasing?'. 

The conceptual message simply refers to the kind of information the graph actually 

conveys to the reader. Each graph conveys information in a particular way. That is, the 

conceptual message in a line graph might be to convey a trend. The conceptual message 

in a bar graph might be to convey a value. The number of errors of interpretation will 

depend in part on how easily readers can infer the answers to their conceptual questions 

from the conceptual messages displayed in the graph. If the conceptual message is 

unclear and does not match with the readers' conceptual questions, more errors of 

interpretation could occur. However, if the conceptual message is clear and matches the 

reader's conceptual questions, and both are always the same, effortless processing could 

occur, which would facilitate performance. 

Graph Interpretation 

The point at which graph perception ends and graph interpretation begins is vague 

but both Pinker and Winn, for example, use the term "interpretation" to indicate the 
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beginning of cognitive top-down processing. The term interpretation has been defined as 

"a mental representation of the meaning or the significance of something." (Webster's 

Online Dictionary, 2006). For Pinker, when a graph is perceived and its parts have been 

processed for long enough to be recognized, interpretation begins. For Winn (1994), 

interpretation is the cognitive exercise of iterative re-identification and re-configuration 

of the visual symbols such as shapes, lines and colors until they make sense. An example 

of re-identification in a graph context would be when a reader re-visits a graph to ensure 

that the symbols associated with a particular variable were accurately perceived, for 

example, "Xs represent males". Re-configuration is a process by which the reader 

ensures that, for example, the symbols associated with a particular variable were 

accurately grouped together - all the Xs were accounted for. Interpretation is therefore 

the stage at which the reader attempts to gain meaning from the conceptual message in 

the graph and if the message is not clear, an iterative process ensues. If the conceptual 

message is clear and is always the same, interpretation should be effortless, although 

errors due to faulty perception may still occur. When graph inspection time is limited, 

more errors are expected to occur due to faulty perception. The term 'interpretation' will 

be used in the remainder of this thesis because the objective was to understand errors due 

to faulty perceptual processing of graphs displayed very briefly. 

Graph Comprehension 

Although the graph literature is rather unclear about the distinction between the 

terms 'interpretation' and 'comprehension', comprehension can be defined as "an ability 

to understand the meaning or importance of something" (Webster's Online Dictionary, 

2006). This definition indicates that understanding is a key component of 
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'comprehension', which is not a component of 'interpretation'. A further distinction is 

made by Pinker (1990), who states that three criteria must be met for graph 

comprehension to occur. First, a graph reader must identify titles and labels that tell the 

reader what the graph is about, which is what Bertin (1983) calls 'external identification'. 

The second criterion is identifying relevant visual dimensions such as bars and axes 

(Pinker 1990), which would represent interpretation. This is what Bertin (1983) calls 

'internal identification'. Finally, readers use the information to draw conclusions about 

the data in the graph. This would map onto what Kosslyn (1989) calls the "pragmatic" 

level of analysis, as the reader would be able to extract useful information from the graph 

that s/he could act on. No topics are shown for graphs presented in the experiments 

reported here, making it impossible for participants to take away any 'understanding' in 

this sense. Thus, comprehension per se was not investigated here. 

Summary 

The purpose of this Chapter was to describe previous contributions attempting to 

explain the processes that take place when readers perceive and interpret a graph and 

some of the reasons errors occur. The Chapter introduced Pinker's (1990) model of 

graph comprehension and explained the initial perceptual stages called 'visual array' and 

'visual description', which rely on bottom-up processing. It then described how the 

inferential process commences only if the message is not clear, which necessitates a 

greater reliance on the top-down processing mechanisms. Graph interpretation was 

shown to occur when the reader begins to gain some meaning from the graph. This point 

marks the beginning of the iterative process, which I argue is 'interpretation' that leads to 

comprehension if the iterative process is allowed to continue. This thesis investigation is 
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limited to understanding errors of interpretation due to faulty perceptual processing and 

does not investigate the process responsible for the 'matching' that occurs between 

bottom-up and top-down processes or graph comprehension. 
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Graph Complexity 

As the title of this thesis indicates, graph complexity is a central theme. This 

chapter therefore outlines the concept of complexity and describes what it means in this 

thesis. Specifically, the research question addresses the issues of how the complexity of a 

graph may lead to errors; how it affects response times and levels of certainty when tasks 

and visual dimensions vary. The term complexity is defined first and three ways the 

concept has been used are then described, focusing mainly on perceptual complexity. 

As noted earlier, although the term complexity lacks a concrete definition in the 

graph literature, the word complex is sometimes used to explain why errors in graph 

interpretation occur. When graph designers attempt to communicate specific information, 

a graph may look simple even if the information it represents is complex (e.g., Roth, 

2004). So, 'conceptual complexity' relates to the degree of difficulty associated with 

discerning the conceptual content. For example, a graph reader may understand the 

graph but not the subject matter of the graph. Conceptual complexity may thus not be 

affected if the nature of the data is understood. Conceptual complexity is used primarily 

in the context of graph reading expertise and training (e.g., Roth, 2004), a discussion of 

which is beyond the scope of this thesis. The notion of conceptual complexity will 

therefore not be addressed further. 

In a graph interpretation context, task complexity refers to the accessibility of the 

conceptual message given the conceptual question. For example, a graph that shows three 

variables, where at least one is continuous, is considered complex when the variables are 

plotted from different perspectives (Carpenter & Shah, 1998; Shah & Carpenter, 1995). 

Throughout the graph literature researchers generally agree that graph readers seek to 
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complete at least three types of tasks, namely read-off tasks, comparison/relational tasks, 

and predictions/trend tasks. 

'Read off tasks are considered the easiest of graph comprehension tasks. Thus, 

for some graph reading tasks, the reader's goal is merely to identify a value associated 

with a particular variable, which requires attention to precise detail. Although many 

researchers have called this elementary task a variety of names including, a 'substitute for 

tables' (read off numbers) (Tukey, 1972), 'exact values' (Pinker, 1990), 'information 

retrieval' (Zhang, 1996), 'low proximity' (Carswell, 1992), 'point reading' (Lohse, 1993), 

'numerical' (Hink, et al., 1998), 'local questions' (Ratwani, Trafton & Boehm-Davis, 

2003), and 'read off (Ratwani & Trafton, 2004), what they mean by their terms is 

consistent. 

The second easiest task is "comparisons" or explorations of relations between 

variables. Common to these is that the reader's task requires attention to some detail to 

perform relational judgments, which involve a comparison of two or more values. 

Again, researchers have labeled this type of task in different ways, including: 

'propaganda' - show what has already been learned (Tukey, 1972); 'comparisons' (Hink, 

et al., 1998; Lohse, 1993; Pinker, 1990); 'comparison tasks' (Zhang, 1996); 'medium 

proximity (Carswell, 1992); 'multiple search' (Ratwani, et al., 2003) and 'integration' 

(Ratwani & Trafton, 2004). 

Finally, there are predictive tasks, in which the reader is asked to predict the 

future in some way on the basis of the data presented in the graph, or to describe the 

direction of a trend. Predictive or trend tasks are thought to be the most cognitively 

taxing because they involve some amount of extrapolation or summarization. They are 
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referred to as 'analytical' (Tukey, 1972), 'rates of change' (Pinker, 1990), 'integration' 

(Zhang, 1996), 'high proximity' (Carswell, 1992), 'trends' (Hink, et al., 1998; Lohse, 

1993), 'global' (Ratwani, et al., 2003), and 'inference' tasks (Ratwani & Trafton, 2004). 

Although most cognitively taxing because elaboration is required beyond information 

shown by the specific data points, the trend identification task requires the least attention 

to specific detail. Trend identification tasks were included in all thesis Experiments. 

These three task types were explored in the Preliminary Studies conducted to select the 

best graph task for the graph perception experiments. 

'Perceptual complexity' is the focus of the remainder of this chapter. It refers to 

the number and characteristics of visual cues present in a graph make individual variables 

difficult to identify or compare. For example, the number, color and orientation of lines 

shown in line graphs could make some lines difficult to detect. There is also evidence 

that the number of variables and the patterns in the data can affect graph perceptual 

complexity (Carpenter & Shah, 1998). Thus, the key to the perceptual complexity of a 

graph seems to reside mainly with the number and the nature of visual cues (Bertin, 1983; 

Pinker, 1990; Tufte, 1983), which are described next. 

Variable Characteristics 

According to Bertin (1983), graphs display relations among variables, which he 

calls components. These are usually displayed in one dimension on a plane. 

Components can display one variable in relation to the plane such as a bar in relation to 

the scale of the graph or relations among variables such as a bar in relation to another bar. 

Each component can comprise several categories. For example, the component 'sex' has 
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two categories-male and female. The component 'cars' could have hundreds. For Bertin, 

one form of graph complexity is linked to the number of categories in a component. 

Patterns are represented by the slope of lines, which may be oriented in the same 

or in different directions (Carpenter & Shah, 1998). The purpose of Carpenter and Shah 

(1998) study was to understand better how people interpret graphical information when 

the task required participants to extrapolate from the data shown in the graph. They used 

eye tracking and a think-aloud protocol to determine where participants looked and what 

they were thinking while interpreting a line graph. The variables portrayed in the graphs 

were age, amount of television watched, and vocabulary score. If age and amount of 

television watched were represented by x and y, the z variable would be vocabulary score. 

Participants were first shown x and y plotted in a graph as either linear or curvilinear, 

which were then removed from sight. Next, they were shown graphs depicting x and z. 

They were then asked to view a comparison graph depicting the same data from another 

perspective, that is, the x and z variables were reversed. They were asked to identify if 

the graph was the same as or different from the one just seen. They measured the time it 

took participants to interpret the graph and make a choice. The researchers also found 

that it took longer to interpret the meaning of a graph displaying an interaction between 

variables than when there was no interaction. Because readers detect patterns easily, 

adding parallel lines did not increase the complexity of that task whereas adding 

interacting lines did. This suggests that graph complexity concerns not just the number 

of data points (Bertin, 1983), but is affected by the pattern in the data. The present thesis 

experiments explored if graph complexity varied when the number of variables and the 

pattern in the data were held constant. 
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Visual System Variables 

Berlin (1983) identified eight visual variables that can be depicted in a graph. Of 

these, three are discussed here because they are directly relevant to this thesis, namely, 

size, color and orientation, which are referred to as dimensions by others (e.g., Garner, 

1974). Berlin (1983) refers to these dimensions as 'retinal variables' because their effect 

on perception will vary depending on the organizational properties they support. Each 

dimension is important because the number of them that are perceived and required for 

interpretation is claimed to affect graph perceptual complexity (See for example, Kosslyn, 

1989; Pinker, 1990; Tufte, 1983). 

Size 

Information can be displayed by varying the size of a variable within a graph. 

Size supports selective perception because larger items stand out from smaller items 

allowing them to be selected immediately. Size also supports ordered perception. That is, 

larger items would be perceived as preceding smaller ones according to the ordering 

principle. Quantitative perception is facilitated by size because larger quantities can be 

represented using larger sizes and smaller quantities by smaller sizes. Many studies have 

investigated the effect of size on perception particularly in sorting tasks (e.g., Felfoldy & 

Garner, 1971, Garner, 1974; Garner & Felfoldy, 1970; Hollands, 2003) and in search 

tasks (e.g., Treisman, 1985; 1988; Treisman & Sato, 1990). These studies indicate that 

variation in size makes the perception of other dimensions more difficult and that errors 

could occur because size may dominate all other perceptual processes. Size is the only 

visual property that supports quantitative perception. Size facilitates the perception of 
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selectivity, order, and quantity (Bertin, 1983). The effect of varying distracter line size 

(thickness) in a line graph interpretation task is taken up in this thesis. 

Color 

Color facilitates association and selectivity of variables (Bertin, 1983). 

Immediate associations should therefore be clear. The ability to select specific categories 

should also be supported. Errors could occur because the perception of value dominates 

color perception. When extrapolating Bertin's theory by applying it to line graphs, one 

could predict that errors could occur if distracter lines were red, for example, and the 

target lines black, because red might be more salient. However, red distracters could also 

enhance performance because they would be perceived as a different category than the 

black targets. Because the purpose of this thesis was to explore errors of interpretation, it 

was important to ensure that the task was not too easy. For that reason, target lines were 

always black just in case red is more perceptually salient. This was done to ensure that 

the target lines did not stand out more than the distracter lines, which were sometimes red. 

Some studies that have investigated the effect of color variations in information displays 

(e.g., Wickens & Andre, 1990) and in maps (e.g., Hastie, Hammerle, Kerwin, Croner & 

Hermann, 1996) have found that color facilitates the perception of grouping and also 

discrimination. Those findings support Bertin's notion that color is both associative and 

selective. The effect of colored distracters on line graph interpretation was investigated 

in this thesis. 
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Orientation 

Orientation refers to the extent to which an object deviates from parallel in 

relation to other objects; that is, if all lines are parallel, then the lines that deviate from 

parallel will be perceived as being different from the others (Bertin, 1983; Treisman, 

1985; 1988). Orientation thus facilitates selection. It allows selection because the reader 

can immediately select an item differing in orientation. For example, changing the 

orientation of a line can easily be detected; it has been found to influence perception in 

sorting tasks (Felfoldy & Garner, 1971; Garner & Fellfody, 1970; Pomerantz & Garner, 

1973) and in search tasks (Treisman, 1988; Treisman & Gormican, 1988). It also allows 

association by allowing variables that do, or appear to, belong to the same category to be 

grouped together (Bertin, 1983). The effect of distracter and target line orientation on 

graph interpretation was investigated here. 

Summary 

Three types of complexity were discussed in this section. Conceptual complexity 

concerns the meaning of the data and was therefore not explored here. Task complexity 

concerns the amount of mental effort the reader must exert to accomplish a goal. The 

focus of this Chapter was on perceptual complexity, which concerns the characteristics of 

the variables displayed on the graph, as well as the way the variables are combined on the 

graph. Line graphs could differ in perceptual complexity when distracter line orientation, 

size and color vary, whilst holding constant the number and pattern of the lines, the 

nature of the task, and the stimulus exposure time. 
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Processing of Visual Dimensions 

This Chapter outlines research relevant for understanding perceptual complexity 

by showing how the processing of visual dimensions is important to interpreting a graph 

and why errors can occur if a graph is misperceived. The objective of this thesis research 

was to understand why errors in interpretation occur and thus how they can be avoided, 

as well as the extent to which they can be attributed to faulty perceptual processing. 

When attributing errors to faulty perceptual processing it is important to know how 

quickly visual information can be processed. One way to do this is to limit stimulus 

exposure time. In order to understand how errors in perceptual processing can be 

avoided, it is necessary to identify the sources of perceptual errors. 

Perceptual processing errors can be understood in at least two ways. The first way 

is related to dimension separability. Separable dimensions could give rise to errors due to 

faulty serial and/or parallel processing mechanisms. Thus, the Chapter begins by 

defining Garner's (1974) concept of 'integrality' to show how it differs from the concept 

of separability. The second way errors could be understood is with respect to processing 

limitations within the person and those of the stimulus itself. Garner (1974) refers to 

these two sources of errors as state- and process limitations. I will show how the sources 

of perceptual errors can be revealed by applying Garner's ideas to the present thesis 

experiments. A section entitled, 'processing efficiency' describes the circumstances that 

could lead to more efficient processing. 
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Sources of Perceptual Processing Errors 

This section explores some reasons errors may occur due to faulty perception by 

relying on the work of Garner (1974). The concepts of separable- and integral 

dimensions are discussed as are the notions of state- and process limitations. The ability 

to distinguish clearly between the two sources of error should lead to a better 

understanding of perceptual processing of line graphs. 

Separable- and Integral Dimensions 

Garner (1974) discusses the concepts of separability and integrality but not in the 

context of line graphs. I apply his ideas to the line graph here in an effort to understand 

where errors in graph perception may occur. His approach allows a simple, parsimonious 

interpretation of this experimental data. 

Garner (1974) defines dimensional integrality as the extent to which the existence 

of one dimension depends on the existence of another dimension. For example, color 

cannot exist without the dimensions of brightness or hue. Integrality is determined by the 

occurrence of interference or facilitation in specific stimulus combinations. Garner and 

Felfoldy (1970) asked participants to sort cards on a specific criterion into two piles as 

quickly and as accurately as possible. The cards each contained a single colored Munsell 

chip varying on value and chroma. Value refers to the lightness or darkness of the color. 

Chroma refers to the color saturation. The color chips varied systematically on these two 

dimensions or they varied in an uncorrected fashion. For example, the decks were 

uncorrected when high and low value and high and low chroma varied independently 

from card to card. The time it took participants to sort a deck of cards that varied on 

both dimensions by, say, value, was then compared to the time it took them to sort one of 



Do Separable Dimensions Matter? 30 

the control decks of cards. The control decks varied on value, holding chroma constant, 

or on chroma, holding value constant. They found that it took longer to sort the deck with 

uncorrelated dimensions when sorting on value, compared to the control deck that varied 

on value but not on chroma. They refer to this effect as 'interference'. Thus, interference 

occurred when the stimulus set contained two uncorrelated dimensions, which made 

variation in one dimension more difficult to perceive when both dimensions varied 

(Felfoldy & Garner, 1971; Garner & Felfoldy, 1970). This difference in performance led 

the authors to conclude that value and chroma are 'integral' (See also Sheppard, 1991 for 

a review). Conversely, facilitation occurs when variation in one dimension makes it 

easier to perceive changes in the second dimension. For example, using the same stimuli, 

Garner and Felfoldy (1970) found that sorting speed improved when sorting on either 

value or chroma when the two dimensions were correlated. The reason for this difference, 

the researchers argue, is tied to the nature of integral dimensions. Garner (1974) argues 

that truly integral dimensions are not perceived by dimensional structure at all, which is 

why participants could not sort efficiently on either dimension unless they varied 

systematically together, because these were perceived as a single dimension. Thus, when 

two dimensions are integral, they must both be processed. 

The term 'separable' means that perception of one dimension does not depend on 

the existence of another dimension (Garner, 1974). If no interference or facilitation 

occurs when the stimuli are orthogonal or correlated, then the dimensions are deemed 

separable. That is, sorting time with decks varying on both dimensions does not differ 

from those obtained in a control condition, regardless of whether the stimulus 

manipulations are correlated. Using that same paradigm, Garner and Felfoldy (1970) 



Do Separable Dimensions Matter? 31 

found that size and orientation were separable dimensions (See also Felfoldy & Garner, 

1971; Garner, 1974). In their experiments, size referred to the graphic representation 

itself, in their case a circle. A line extending through the center of the circle at varying 

angles represented orientation. When classifying stimuli on size, participants could 

ignore orientation (Garner & Felfoldy, 1970) and vise versa, which indicates that the 

dimensions were processed separately. In other card-sorting tasks, color and form as well 

as size and lightness, that is 'value', have also been found to be separable dimensions 

(Garner, 1974). Thus, separable dimensions are processed one at a time; the dimension 

that is not involved in the classification can be ignored. 

The distinction between integral and separable dimensions is occasionally more 

complex than described thus far. Sometimes the integral relation between the dimensions 

can be asymmetric. By 'asymmetric integrality' Hollands (2003) means that the 

relationship varies, depending on which stimulus is the basis for classification, which is 

consistent with Garner's (1974) definition. Following Garner's card sorting paradigm, 

Hollands (2003) tested the relations between the cognitive dimension of proportion and 

the perceptual dimension of size to show their 'asymmetric integrality'. Hollands used 

cards containing stacked bar graphs or pie graphs varying in size. Again, a control deck 

was used for each type of graph. When participants were required to sort the stacked bar 

graphs on the proportion of one of the stacks, performance deteriorated when the size of 

the graph varied compared with a control condition, in which the graph size was held 

constant. This provided evidence of interference. However, no performance differences 

were noted between the treatment- and control conditions when participants sorted the 

stacked bar graphs on graph size. By the same token, repeating the same procedure for 
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pie graphs showed that performance was undifferentiated from the control, indicating that 

no facilitation or interference occurred. Hollands (2003) argued that, to judge pie graphs, 

people use angle and area as the dimensions and they can be processed separately. To 

judge proportions on stacked bar graphs, participants must use length and area. For a 

rectangle, these two dimensions are related, as the length of a side will determine the area 

of the stack. However, to judge pie graphs, the area of the proportion of the pie is 

independent of the angle of orientation. Thus, area and angle can be processed 

independently of one another. As in Garner's and Hollands' experiments, a control 

condition was employed to determine if interference or facilitation occurred when line 

size, line color and line orientation were manipulated in a line graph context. A condition 

showing a thin black horizontal distracter acted as a control against which performance 

on other horizontal-distracter conditions could be assessed when these varied in size 

and/or color. When the task involves identifying the slope magnitude and direction of a 

target line in the presence of a distracting line, less interference is expected to occur when 

the distracter line is oriented consistently with the grid lines on the graph. Thus, line 

graphs displaying a flat thin black distracter line are argued to represent the least 

distraction of all the conditions and therefore should produce the best possible 

performance, as in the control decks of cards that varied only on a single dimension. In 

this way, the experimental paradigm adopted throughout these thesis experiments was 

similar to Garner's speeded classification task. The paradigm used here also resembles 

Garner's in the sense that manipulations of color, orientation and size were always 

applied to the distracter lines in a correlated fashion. Finally, classification was required 

but only after discriminating the target from the distracter line. 
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Although the mixed paradigm used in these thesis experiments is similar to 

Garner's speeded classification paradigm, some differences should be noted. The first is 

that each dimension was not tested in isolation to establish a control condition for each. 

Separability of the dimensions was determined by comparing performance on the flat 

distracter conditions in which the dimensions of color and/or size were varied. Because 

orientation differed from that of the target, which was always sloping, orientation varied 

also. Thus, varying the orientation of the target and the color and/or size of the distracter 

and comparing performance across flat orientation conditions seemed a reasonable 

extension of Garner's paradigm to a line graph context. 

Garner and Felfoldy (1970) note that the concepts of integrality and separability 

should be distinguished from the mechanisms responsible for processing. Both serial and 

parallel processing can occur with separable, but not with integral dimensions. In the 

latter case, one dimension rather than two is perceived. Hence no opportunity for serial 

processing exists. The dimensions of line size, line color and line orientation were 

therefore employed here because they are assumed to be separable and therefore can be 

processed either serially or in parallel. It is, however, important to note that the results 

demonstrating both serial and parallel processing in the search task context, could very 

well be the result of other more elaborate processing mechanisms. Wolfe and colleagues 

(1989) note that attributing search task results to serial and parallel processing 

mechanisms should be done with caution. They state that "it may be that all searches are 

parallel and that the differences between searches lie in capacity limits on different 

parallel processes" [419]. That is to say that results attributed to serial processing may 

well be attributable to more complex parallel processing mechanisms (e.g. See Townsend, 
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1971) or perhaps yet undiscovered processes. A serial processing mechanism was 

offered to explain the results of search tasks and increasing response time curves. Thus, 

in these thesis experiments, when manipulating the same dimensions and requiring 

participants to complete a discrimination task prior to classifying the lines on a graph, the 

terms serial and parallel were used to explain performance results. Serial and parallel 

processing was inferred here to offer a parsimonious account of the findings by using the 

same language as those studies upon which this novel paradigm was based. 

Evidence of serial processing of separable dimensions has also been shown in a 

search task paradigm (Treisman & Gelade, 1980; Treisman & Sato, 1990). Serial 

processing is necessary in visual search tasks when two visual dimensions define a target 

as well as the distracters in an array (e.g., Treisman & Gelade, 1980). For example, serial 

processing is expected to occur if the target is defined as a "brown X" and it is presented 

with distracters that are "X"s and "L"s and are either brown or green. In that case, 

information would take longer to process than if the distracters comprised only "X"s or 

only "L"s or were only green or brown because attention cannot be focused on the letter 

"X" or on the color brown alone. Instead, each dimension must be considered to identify 

the target. Performance deteriorated as the number of distracters in the stimulus set 

increased when targets and distracters were distinguished by two or more dimensions. 

Treisman and Gelade (1980) note that by analyzing response time curves resulting from 

search tasks in which set size varied, the separability and integrality of dimensions can be 

established. These results were interpreted to indicate serial processing of the dimensions 

and evidence of the separability of them. In search tasks, serial processing thus resulted 

in degraded performance. One would also expect the same to happen in the kind of line 
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graph interpretation task employed here, as it involved attending to only one of two lines 

on a graph, thus requiring discrimination. Line graphs containing separable dimensions 

could result in errors of interpretation if these must be processed serially. This could 

result if attention must be drawn to the characteristics of each line to distinguish the 

target from the distracter. Assume, for example, that the characteristics of each line must 

be processed serially, as Treisman and Gelade's (1980) work on target search suggested. 

Townsend (1971) argues that there are two ways to distinguish between serial and 

parallel systems. One is to, "use materials and instructions that will encourage some 

processing orders over others, especially a single order" [162]. Participants in the present 

thesis experiments were asked to identify the slope magnitude and direction of a thin 

black target line with direction changes. When the target line is presented on the same 

graph with a straight thin black distracter line, oriented oppositely to the target, errors of 

interpretation could result. This is because attention would have to be focused on each 

line to determine the straightness and then on the orientation of them, for the target line to 

be processed correctly. Such a condition was expected to give rise to only one order of 

serial processing. 

Researchers attempt to understand attention and the role of serial and parallel 

processing in search tasks by measuring response times (Treisman & Gelade, 1980; 

Treisman & Gormican, 1988; Treisman & Paterson, 1984; Treisman & Sato, 1990; Wolfe, 

Cave & Franzel, 1989) or by limiting exposure times (Treisman & Gelade, 1980; 

Treisman & Patterson, 1984; Treisman & Schmidt, 1982). Studies exploring perception 

(e.g., Bornstein, 1992; Zajonc, 1980) suggest that higher level cognitive processes begin 

to affect perception after approximately 50 ms has elapsed. Recent research exploring 
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neurological responses of participants viewing scatterplots showed that neural activity 

occurs after approximately 50 ms of stimulus exposure, which the authors suggest is due 

to perceptual processing (Best, Hunter & Stewart, 2006). They attribute cognitive 

processing to neural activity occurring at approximately 300 ms. By limiting stimulus 

exposure time to a level where processes responsible for encoding are thought to be 

perceptual only, any differences in performance can be attributed to these- rather than 

cognitive processing mechanisms. An exposure time of 50 ms was therefore employed 

throughout the present thesis experiments. 

To ensure that traces of a previously exposed stimulus cannot be processed 

beyond a set exposure time, masking techniques are used (Enns & Di Lollo, 2000). 

Masking refers to times when "two stimuli are presented in close temporal contiguity; 

with appropriate adjustment of the interval between the two stimuli, the second stimulus 

(mask) may interfere with perception of the first (target)" (Schwartz & Pritchard, 1981; p. 

678). Enns and Di Lollo (2000) distinguish between various types of visual masking 

techniques, including pattern masking, which is typified by employing a mask whose 

spatial contours superimpose those of the target. The target pattern is 'interrupted' by the 

mask that appears in the same spatial location before the target has been fully processed. 

In letter identification tasks, pattern masking has been found to yield a 50% accuracy rate 

at a 100 ms Stimulus Onset Asynchrony with high or medium mask intensity (Enns & Di 

Lollo, 2000). A pattern-masking paradigm was used here. 

State- and Process Limitations 

State limitations are due to the stimuli being incompletely represented in the 

person's mind (Garner, 1974). This could happen, for example, if the person is not alert, 
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is unable to perceive the stimuli in full, or the stimulus exposure time is very limited. 

State limitations are associated with the context of viewing the stimuli. That is, if the 

viewing state is completely optimal, for example, with unlimited inspection time, perfect 

lighting, and perfect discriminability between the stimuli, performance would be 

expected to be perfect. By contrast, Garner (1974) states that process limitations are due 

to low discriminability between two stimuli and not to the processing constraints of the 

person. For example, the figure-ground contrast in the stimulus material may be very 

low, or lines in a graph may be perceived as identical in appearance such as in color or 

thickness, even if they differ slightly. The present experiments were designed to test the 

presence of both state- and process limitations. 

When two lines in a graph are both the same color and thickness discriminability 

between them should be low, particularly when participants must distinguish the target 

line from the distracter line, as required here. When the distracter line is not 

discriminable from the grid lines on the graph, the target line should stand out because it 

would be the only sloping line. Thus, if a horizontal (flat) distracter line is the same 

orientation, thickness and color as the grid lines on the graph, it should be successfully 

ignored and participants should be able to identify the sloping target line. If time to view 

the graph is limited, then errors due to state limitations will be evidenced if performance 

is less than perfect on the flat distracter condition. Instances of low discriminability 

should affect performance more in conditions in which the distracter is sloping in the 

opposite direction than the target line. By Garner's definition, errors that can be 

attributed to low discriminability should be due to process limitations. Hence, errors due 
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to faulty perception can be parsed into state limitations due to limited exposure times and 

process limitations due to the complexity of the graph stimuli. 

Processing Efficiency 

This section identifies circumstances that are likely to lead to more efficient 

processing strategies than serial processing in a line graph context. The concept of 

dimension configurability is discussed to show that dimensions can sometimes integrate 

to improve processing. Selective serial processing' and 'stimulus redefinition' are 

discussed in an effort to explain how serial processing can be enhanced when visual 

dimensions are varied. 

Configural Dimensions 

Parallel processing of information is said to occur when two or more visual 

dimensions are attended to simultaneously (e.g., Treisman & Sato, 1990; Wickens, 1984). 

When two visual dimensions are correlated or 'configured' they are perceived together as 

a unified whole (Pomerantz, 1981; Pomerantz & Garner, 1973; Pomerantz & 

Schwaitzberg, 1975). The notion of 'configurability' is consistent with Townsend's 

(1971) definition of parallel processing stating that "by parallel processing, we mean that 

the entities (hereafter called elements) to be processed are worked on all at once, 

processing beginning on all simultaneously but possibly finishing at different times" [p. 

161]. Configural dimensions are defined by one emergent global dimension that may still 

allow the individual dimensions to be perceived (Carswell, 1992; Carswell & Wickens, 

1990; Pomerantz, 1981; Pomerantz & Garner, 1973; Pomerantz & Schwaitzberg, 1975). 

When wholes are perceived faster than their parts, the effects on performance are referred 
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to as 'configural superiority effects' (Pomerantz, 1981). Carswell (1992) notes that 

configural dimensions differ from integral dimensions in that they maintain separate 

perceptual codes. She also notes that they are not totally separable because the stimuli are 

coded as a whole rather than separately. Thus, despite the varying ways the notion of 

configurability has been discussed in the literature, to maintain parsimony throughout 

these thesis experiments, any process responsible for efficient performance will be 

referred to as 'parallel'. 

Pomerantz (1981) reviewed several studies exploring situations under which 

dimensions configured and affected performance in selective attention tasks. Participants 

in Pomerantz and Garner's (1973) study, for example, were required to sort decks of 

cards, containing four sets of parentheses with varying orientations (e.g., ( (, ( ), ( —, 

and — ) in each of four quadrants). Participants were instructed to sort each of the 

correlated and uncorrected decks in two ways. For the correlated decks, they had to 

discriminate between pairs of elements in the two top quadrants, for example, ( ( and ( ) , 

when only these two elements varied. To sort on these, they had to use the first element 

in the set that was consistent throughout the deck. Then they sorted by the pairs of 

elements in the bottom quadrant when the second element was consistent throughout. In 

the uncorrected decks, all four dimensions varied. Performance was enhanced when the 

cards were correlated but degraded when they were orthogonal. An additional 

experiment showed that sorting time improved when parentheses varied inconsistently, or 

in an uncorrected fashion. Thus, the requirement to pay attention to a single item of 

information led to poorer performance when the items configured than the requirement to 

pay attention to one item when they did not (Pomerantz & Garner, 1973). Those results 



Do Separable Dimensions Matter? 40 

showed that when lines are sloping in the same direction, they configured and were 

therefore processed together. When they were not configured, they can be processed 

independently of one another. 

Carswell (1992) reviewed studies investigating information integration and the 

role selective attention plays in efficient processing. She explored the results of studies 

showing when and under what conditions graphical displays or the information on the 

displays configure to enhance performance. She discusses a study by Carswell and 

Wickens (1990), for example, who investigated the notion of'configurability' using 

various graph types. These included variants on whisker graphs, bar graphs and line 

graphs. The authors referred to the sets of graphs as either homogeneous or 

heterogeneous. By homogeneous they mean that the graphs contained elements such as 

lines sharing dimensions, such as length, color and orientation. By heterogeneous, they 

mean that the graphs contained elements such as lines varying in length, color and 

orientation. By employing a similar speeded classification paradigm as Garner and 

colleagues (e.g., Garner & Felfoldy, 1970; Garner & Pomerantz, 1973), they tested the 

integrality of 13 graphical displays and concluded that none of the graph stimulus sets 

contained integral dimensions. Line graphs were one of the two graph types that 

contained configural dimensions, and two graph types contained separable dimensions. 

The other 9 graph types did not fit well with either metric. Homogeneous graph types 

were more likely to configure than heterogeneous graph types. The authors concluded 

that these results are consistent with Garner's (1974) notion of configurality as an 

optional strategy for processing separable dimensions. One would predict that simple 

line graphs comprising a single target line and a single distracter line should configure 
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and be processed in parallel if they also share the same color and orientation. This was 

tested here. 

The above findings are also consistent with studies in which participants 

completed tasks requiring either information integration or focused attention (Wickens & 

Andre, 1990). Participants viewed 'air', 'bank' and 'flap' instruments for an aircraft in a 

dashboard display or a bar graph. Each task required participants to pay attention to one 

aspect of the display or to all. They demonstrated that when information integration was 

required, instruments paired on color, for example, resulted in more efficient processing 

than when they differed in color. The authors also showed that performance was better 

on tasks requiring focused attention when different colors were used than when they were 

all the same. In the target line identification task employed here, focused attention was 

required to identify the target. One would therefore predict that performance should 

deteriorate because attention would have to be focused on each line to identify the target 

when two lines share the same color but not the same orientation. The two stimuli should 

not configure. One would also predict that, if two lines differ in color and are oriented 

inconsistently, they should be processed more efficiently than when they are the same 

color. Thus, using distinct colors should lead to enhanced performance, as in Wickens 

and Andre's (1990) studies. These conditions were tested here. 

Wickens and Carswell (1995), however, note that using homogeneous dimensions 

results in emergent features in integration tasks as well as the parallel processing of all 

dimensions. They also explain that heterogeneous display types do not lead to emergent 

features; although these facilitate parallel processing, they should be used with caution in 

integration tasks. This is because they may degrade performance, as described by 
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Carswell (1992). The tasks in these thesis experiments involve only focused attention 

and thus using heterogeneous manipulations is expected to enhance performance. 

Selective Serial Processing 

Garner (1974) argues that any set of separable dimensions can contain a 

dimension that influences or guides perception more than the other. This can lead to a 

selective serial processing strategy. Garner (1974) defines selective serial processing as 

"a term meaning simply that the organism processes one dimension before the other, but 

does so selectively to maximize performance" [p. 132]. Referring to typical card sorting 

studies, Garner (1974) states that, "if selective serial processing is used, there will be a 

gain, but it will not be a performance level beyond that provided by the better of the two 

dimensions alone." [p. 133]. For example, Garner and Felfoldy (1970) and Felfoldy and 

Garner's (1971) experiments were designed to provide evidence that a selective serial 

processing strategy was adopted to enhance performance on card sorting tasks with 

separable dimensions. In both sets of studies, they used the card-sorting paradigm 

discussed earlier. They found that with high stimulus discriminability and specific 

instructions, they were able to demonstrate the adoption of a selective serial processing 

strategy. The authors do note that if stimulus discriminability is very evident, it will 

maximize the opportunity to identify a selective serial processing strategy, but will 

minimize the opportunity to observe integration (Felfoldy & Garner, 1971). If stimulus 

discriminability is almost equal, then the opportunity to observe selective serial 

processing will be minimized and maximized for integration. Thus, in this thesis, 

selective serial processing would be evidenced by an improvement in performance over 
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any condition in which a serial processing strategy was used, but performance would not 

exceed that obtained in the control condition. 

The dimensions of size and color have been found to increase the discriminability 

of stimuli in studies involving card sorting (Garner, 1974) and also in search tasks 

(Treisman & Sato, 1990). High stimulus discriminability really means that the target 

'pops out' of an array in search tasks (e.g., Treisman, 1982; 1985; Treisman & Gormican, 

1988). Applying Garner's (1974) notion of dimensional dominance to line graphs would 

lead to two opposite predictions regarding how differences in target-distracter line size or 

line color might affect performance when the orientation of target- and distracter lines 

vary. First, using thicker distracters, for example, may interfere with the identification of 

a thin target line, thereby degrading performance. Second, it is also possible that, 

because size is selective (Bertin, 1983), varying that dimension in a distracter line could 

enhance the discriminability of the target (Garner, 1974), thereby allowing it to be easily 

identified. These two possibilities were tested here. 

Stimulus Redefinition 

By stimulus redefinition, Garner (1974) means, "an optional processing 

mechanism that human information processor may use to redefine the stimuli, so that a 

new dimension, which is more discriminable than either dimension alone, is provided" 

[133]. He goes on to say that, "in some cases, the experimental subject may change the 

two dimensions so they are integral" [p. 133]. For example, in a card-sorting task 

(Garner, 1974), small black dots were presented in the center, at the top or bottom, or on 

the edges of the card. The distance between each pair of dots differed. The results 

showed that sorting time on the correlated decks was as good as for either dimension 
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alone. Thus, Garner (1974) reasons that they must have redefined the two separable 

dimensions as one integral one because that is the only way sorting speed could have 

been equal across the control conditions. Efficient processing has been found to occur in 

search tasks when the characteristics of the targets and distracters were held constant 

throughout an experiment (Cave & Wolfe, 1990; Wolfe, et al., 1989). These studies 

showed that targets defined by two or more separable dimensions can be processed in 

parallel (Wolfe, et al., 1989). The authors describe how attention can be focused almost 

exclusively on the characteristics of the target when the characteristics of the distracters 

are held constant throughout the experiment. This efficient strategy of focusing attention 

on only what is relevant for the task at hand seems consistent with Garner's (1974) notion 

of "stimulus redefinition". In one of the present thesis experiments, the dimensions of all 

the distracter lines were always red. This should lead to a strategy in which the two lines 

become integrated and attention can be focused exclusively on the thin black target line, 

meaning that it would be unnecessary to process both dimensions in a serial fashion. The 

adoption of this optional strategy should result in the best possible performance as it did 

in studies involving both card sorting and search tasks. Stimulus redefinition would be 

evidenced in the present thesis experiments by undifferentiated performance across all 

conditions compared to the control. 

Summary 

The objective of this chapter was to review the literature relevant for 

understanding the source of errors in graph perception and the processes that could be 

responsible for overcoming errors. It showed that perceptual errors could be understood 

in terms of separable- and integral dimensions, because they affect perception differently. 



Do Separable Dimensions Matter? 45 

Separable dimensions can be processed in parallel or serially, which could lead to poor 

performance on the graph interpretation tasks employed here. By limiting stimulus 

exposure time, perceptual processes can be better understood. Errors can also be 

understood as being due to state- or process limitations, which are useful for attributing 

the causes to the processing capabilities of the person and those that are due to the 

discriminability of the two lines within the graph. Literature describing when visual 

dimensions are processed efficiently, relying on the notion of configurability, selective 

serial processing and stimulus redefinition was then presented. These three possible 

processes were proposed to explain how performance on tasks with separable dimensions 

could be enhanced. As Garner (1974) and Treisman & Gelade (1980) note, separable 

dimensions are processed serially, which leads to enhanced performance in card sorting 

tasks as evidenced by efficient sorting speed. In search tasks, which require focused 

attention, serial processing leads to degraded performance as evidenced by an increase in 

response time curves as the number of distracters in the stimulus set increases. It was 

therefore argued that three possible processing strategies can be adopted to alleviate the 

requirement of serial processing of separable dimensions in the mixed paradigm adopted 

here, which entails discrimination and then classification. 



Do Separable Dimensions Matter? 46 

Summary of Preliminary Studies 

The results of two preliminary studies are summarized here. The objective of the 

first preliminary study was to discern if participants could complete three graph 

interpretation tasks when graph stimuli were presented for only 50 ms. The results 

showed that performance was well above chance levels indicating that a 50 ms stimulus 

exposure time would be adequate for the formal studies. Details of both preliminary 

studies are presented in Appendices A and B. 

The second Preliminary Study had three objectives. The first was to test the 

degree to which participants' performance may differ as a function of the type of graph 

reading task. This was done to determine if three different types of tasks differ in 

complexity, and, if so, which ones should be selected for subsequent experiments using a 

50 ms exposure times. The results showed that of the read-off-, comparison- and trend 

identification tasks, the trend identification task was completed most accurately, without 

reaching a ceiling effect (~75% mean accuracy). Details of the tasks are discussed 

together with the studies, in Appendix B. There was, however, an issue of misalignment 

of participant-researcher mental models regarding slope magnitude definitions. Some of 

the line slopes defined by the researcher as 'small' were identified as 'sharp' by more 

than half the participants, indicating that the two definitions were misaligned. The four 

problematic graph stimuli were therefore excluded from further study, which eliminated 

the problem. An error analysis was performed in all Experiments to ensure that no 

further misalignment of mental models occurred. Since the trend identification task was 

sufficiently difficult to prevent ceiling- or floor effects from occurring, it was chosen for 

further exploration. 
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The second objective of the second preliminary study was to test the effects of 

two different stimulus exposure times on graph interpretation to determine if performance 

would improve with longer exposure times. The results showed that performance was 

best with longer exposure times for all three task types. This result also demonstrated 

that state limitations were responsible for some errors of interpretation, given that errors 

in the 50 ms exposure time condition could be attributed to limited exposure times, as 

discussed in the previous chapter (p. 35). Since the level of performance was adequate 

with a stimulus exposure time of 50 ms, it was chosen for all four formal experiments. 

The third objective was to discern the degree to which two different response 

modes, namely graphical and textual, may affect performance. A multiple-choice format 

was used for response options. One format showed four option graphs from which 

participants chose the graph that best represented the information in the graph previously 

seen. By contrast, the four textual response options contained only alpha-numeric 

descriptions of the graph. This was done to determine if participants were relying on the 

iconic trace from the previously viewed stimulus to make their response in the graphic 

response mode. No differences were found in the two response modes, indicating that 

either mode would suffice for the present series of experiments. However, to ensure that 

lingering iconic trace was not responsible for accurate performance, the textual response 

mode was chosen for the formal experiments. 

The experimental manipulations in the preliminary studies were designed to 

identify variables that could lead to perceived differences in task complexity and hence 

improve understanding of their effects on graph perception. The trend identification task 
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was selected for the formal experiments as was the 50 ms exposure time condition, with a 

textual response mode. 
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Motivation for the Formal Experiments 

The purpose of this Chapter is to describe the rationale for the formal experiments 

and to introduce a model representing the link between different processing strategies and 

specific performance outcomes. Details of the formal experiments are outlined first and 

then a brief review of the concepts related to dimension separability is provided. A model 

of graph interpretation is presented. It shows how applying the concept of dimension 

separability can guide our understanding of the reasons errors in perception occur and the 

experimental manipulations that can account for those errors. Five premises are then 

presented upon which the rationales for the experimental design in this thesis are based. 

Overview of the Formal Experiments 

Line graphs containing one distracter and one target line were used in all formal 

experiments in this thesis. As indicated earlier, the stimulus exposure time was limited to 

50 ms throughout. The task was always to identify the slope and the magnitude of a target 

line presented with a distracter line. The target line was always thin and black with 

direction changes (i.e. crooked) and sloping positively or negatively. The orientation 

(positive, negative or flat), color (red or black) and size (thin or thick) of the distracter 

line varied systematically to enable the tracing of errors as a function of different 

combinations of dimensions. In the 'consistent' condition, the distracter and target lines 

were both sloping either positively or negatively. In the 'inconsistent' condition, one of 

the two lines was sloped negatively and the other positively. In the 'flat' condition, the 

distracter line was horizontal while the target line was sloping positively or negatively. 
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The flat distracter condition should require the least amount of effort of the 

conditions tested here because technically, participants should only notice the target line 

whilst ignoring the horizontal distracter line, as discussed earlier (p. 37). This would be 

true in the flat thin black condition as the distracter line was the same thickness, color and 

orientation as the grid lines on the graph. To determine the separability the three 

dimensions of line orientation, color and size, performance across all the flat distracter 

conditions was compared. If performance on the flat thin black distracter condition was 

found to be indistinguishable from performance in which the distracter line color and/or 

size varied, that would provide evidence for the separability of all three variable 

combinations, namely orientation and color, orientation and size and color and size. This 

is because no interference or facilitation should have occurred in conditions in which the 

distracter line color and/or size differed from the flat thin black condition. 

In an effort to distinguish state- from process limitations, the flat distracter 

condition was employed as a control. By limiting the stimulus exposure time, 

participants' ability to fully process the information was reduced. This was referred to 

earlier (p. 36) as the 'state' in which the graph was presented, which is independent from 

the complexity of the graph itself. Thus, errors in the flat distracter conditions were taken 

to be due primarily to the limited exposure time rather than to the distracter line 

manipulations. This is because the flat distracter was expected to represent the least 

distraction compared to the other distracter orientations. With limited exposure time, 

errors are expected to occur in all conditions but the flat distracter condition should be 

representative of the best performance possible. Therefore performance on flat distracter 

conditions should represent performance due to state limitations. Additional errors 
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occurring in the consistent- and inconsistent conditions could be attributed to process 

limitations, brought about by the distracter line manipulations rather than by the limited 

stimulus exposure time. 

Rationale for Line Graph Interpretation Model 

The finding that the dimensions of color, size and orientation are separable has 

implications for performance on the line graph interpretation task adopted in this thesis. 

The hypothesized performance outcomes on line graph interpretation task employed here 

and the associated processing strategies that follow from separable dimensions are shown 

in Figure 2, below. 
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Figure 2. Performance and processing strategies following from separable dimensions 
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The Model begins with the assumption that the combinations of dimensions tested 

here are separable. This is indicated in the leftmost column in Figure 2. Next, the 

possible performance outcomes are presented. The relevant processing strategies are 

shown with relation to the performance outcomes. The final column shows the 

relationship of each possible outcome with the premises that are presented next. 

Premise 1: Inconsistent thin black -> serial processing 

When the target line is inconsistently oriented with the distracter line, it should be 

difficult to discriminate between the two lines, resulting in poor performance. This is 

because the only dimension separating the target from the distracter is the direction 

changes (crookedness) in the line. When the target line is not sufficiently distinguishable 

from the distracter line to allow easy identification, serial processing is expected to occur. 

Premise 2: Consistent thin black -$ parallel processing 

When the lines are consistently oriented, they should configure, giving rise to 

more efficient processing, and hence to better performance, than expected with 

inconsistently oriented lines. Thus, parallel processing is expected in the consistent 

conditions due to 'configural superiority' effects (p. 38). 

Premises 1 and 2 lead to the prediction that performance would be better in the 

consistent than in the inconsistent orientations with thin black distracters. This was tested 

in Experiments 1, 2 and 4. 

Premise 3: Inconsistent distracters varying in color or size -> parallel processing 

A comparison of the inconsistent thin black condition and the inconsistent thin 

red- and thick black conditions should determine if serial or parallel processing occurred 
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in the thin red- or thick black conditions. Thus, combining premises 1 and 3, leads to two 

predictions regarding performance when distracter color and size are varied. First, we 

can infer that parallel processing is used if the red inconsistent distracters improve 

performance compared to the black inconsistent distracters. This is because serial 

processing is expected in the thin black inconsistent condition. If performance improves 

then a different processing strategy could be inferred. If the lines were not processed one 

at a time, then one possible explanation is that they were processed together, suggesting a 

parallel processing strategy. This was tested in Experiments 1 and 2. Second, if the 

inconsistent thick black distracters improve performance compared to the inconsistent 

thin black distracters, then parallel processing was inferred. Again, because serial 

processing is expected in the thin black inconsistent condition, any improvement in 

performance could be attributed to another processing strategy. This was tested in 

Experiments 1 and 4. 

Premise 4: All conditions indistinguishable from the flat -> Stimulus Redefinition 

If parallel processing is evidenced with thin red or thick black inconsistent 

distracters then stimulus redefinition would be inferred. Evidence of this would be 

provided if performance on all conditions is indistinguishable from the flat. This was 

tested in Experiments 1, 2 and 3. 
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Premise 5: Not all conditions indistinguishable from the flat -> Selective Serial 

Processing 

If performance in inconsistent conditions improve but not all conditions are 

indistinguishable from performance in the flat condition, then selective serial processing 

would be inferred. This was tested in all four Experiments. 
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Experiment 1: Orientation, Color and Size 

Since graph perceptual complexity has not previously been tested with line graphs 

using this limited exposure time paradigm, the purpose of this experiment was to begin to 

unravel the concept by revealing some sources of graph interpretation errors. 

Understanding the sources of errors makes it possible to identify whether the dimensions 

of orientation, size and color are separable in a line graph context. That was done using 

the flat distracter conditions, as described earlier. 

Serial processing will be necessary when the two lines are inconsistently oriented 

but not when they are consistently oriented. Thus, serial processing was expected to 

occur in the thin black inconsistent condition, and parallel processing was expected to 

occur in the thin black consistent condition. Accordingly, Hypothesis 1 a predicted that 

performance would be better in the consistent- than in the inconsistent condition with thin 

black distracters. Participants should also respond faster (Hypothesis lb), and be more 

certain (Hypothesis lc) in the consistent- than in the inconsistent condition with thin 

black distracters. This is shown in Figure 3. 
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Figure 3. Hypothesis la tests performance on thin black consistent against thin black 
inconsistent distracters 
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Parallel processing was also expected to occur, in inconsistent conditions, when 

the target and distracter lines differed on color or in size. To test this, Hypothesis 2a, 

predicted that performance would be better in the inconsistent condition with thin red 

distracters than with thin black distracters. This is shown in Figure 4 below. Response 

times were predicted to be shorter (Hypothesis 2b) and certainty ratings higher 

(Hypothesis 2c) in the inconsistent condition with thin red distracters than with thin black 

distracters. 
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Figure 4. Hypothesis 2a tests performance on thin red inconsistent against thin black 
inconsistent distracters 

Hypothesis 3 a predicted that performance on inconsistent conditions with thick 

black distracters would be better than with thin black distracters, due to parallel 

processing. This is shown in Figure 5. Hypothesis 3b predicted shorter response times 

and Hypothesis 3 c, higher certainty ratings in the inconsistent conditions with the thick 

black distracters than with the thin black distracters. The Hypotheses are summarized in 

Table 1. 
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Figure 5. Hypothesis 3a tests performance on thick black inconsistent against thin black 
inconsistent distracters 

Table 1 

Hypothesis number, prediction and test used 

H # Prediction Test Used 
1 a Performance will be better in the consistent-

than in the inconsistent condition with thin 
black distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent condition 
with thin black distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent condition 
with thin black distracters. 

2a Performance will be better in the inconsistent 
condition with thin red distracters than with 
thin black distracters. 

2b Response times will be shorter in the 
inconsistent condition with thin red distracters 
than with thin black distracters. 

2c Certainty ratings will be higher in the 
inconsistent condition with thin red distracters 
than with thin black distracters. 

3a Performance will be better in the inconsistent 
condition with thick black distracters than 
with thin black distracters. 

3b Response times will be shorter in the 
inconsistent condition with thick black 
distracters than with thin black distracters. 

3 c Certainty ratings will be higher in the 
inconsistent condition with thick black 
distracters than with thin black distracters. 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 
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Because individual differences in skill levels were expected, short-term visual 

memory was tested using the Visual Patterns Test (hereafter VPT) (Delia Salla, et al., 

1997), and field dependence-independence ability was tested using the Group Embedded 

Figures Test (hereafter EFT) (Witkin, et al., 1971). 

Method 

Participants 

A sample of 10 participants (4 women, 6 men, mean age 21.1 years, range of 18 

to 25 years) were recruited from Carleton University. They responded to advertisements 

posted around campus and were each paid $20.00 for their participation. All were 

students of Carleton University. All were pre-screened for colorblindness and visual 

acuity, using a mini eye chart. 

Apparatus 

Each participant was tested on a Toshiba Satellite laptop with Genuine Intel® 

Centrino Duo CPU. Screen resolution was set to 1280 by 800 pixels with highest 32bit 

color. A program created in DirectRT™ was used to present graphs, collect responses, 

ratings and response times. A stopwatch was also used to time the completion of the 

Group Embedded Figures Test. 

Materials 

The materials included informed consent- and debriefing forms, instructions, 

EFT and VPT Booklets, pens, pencils and erasers. All stimuli were line graphs and 
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comprised two lines: one target and one distracter. The target line showed "small" or 

"sharp", "increasing" or "decreasing" slopes. Small changes varied less than 50% 

between the beginning- and end points and sharp changes varied more than 60% at the 

beginning- and end points. Examples of line graph stimuli and response options are 

presented here and all other materials are presented in Appendix C. 

Design 

This experiment employed a completely within-groups design, shown in Table 2. 

The stimuli were presented for 50 ms using a backward pattern-masking paradigm. The 

graph stimuli were completely randomized to avoid serial order effects. Only textual 

response options were used. Five participants completed the VPT first; the others 

completed the EFT first. 

Table 2 

Experimental Design, distracter characteristics (thin and thick line sizes, colored red and 
black) in consistent (C), inconsistent (I), and flat (F) orientations, all with thin, black 
targets, with 12 graph stimuli in each condition, all 144 graph stimuli were randomized 
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n= 
12 
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12 
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C 
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12 
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One hundred and forty-four line graphs were presented, 12 in each condition and 

of every type, as well as 12 practice graphs. Each graph displayed one target line, 

oriented positively or negatively, always with one or two direction changes, and one 

straight distracter line, oriented positively, negatively or flat, as shown in Figure 6 (p. 61). 

The target line was always presented in black with a standard thickness but distracters 

were either red or black, thin or thick. Together, targets and distracters were either 

consistently oriented (both positive or both negative) (n=48), or inconsistently oriented 

(one positive and the other negative) (n=48), or flat (target positive or negative; distracter 

always flat) (n=48). 

Twelve graphs showed targets with either increasing or decreasing trends; six had 

sharp- and six had small slopes. The six decreasing trend lines were exact mirror images 

of the increasing trend lines, yielding 12 target trend lines. These 12 trend lines were 

reproduced 12 times: once for each distracter orientation (positive, negative or flat), and 

then again for each distracter line thickness (thin or thick), and again for each distracter 

color (red or black), yielding the 144 graph stimuli. Participants were asked to choose 

the textual response option that best described the trend in the graph just presented. An 

example of a stimulus graph with a sharply decreasing target and increasing thick black 

distracter is presented in Figure 6 and the textual response options in Figure 7. 
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Figure 6. Example of a stimulus graph showing a sharply decreasing target with an 
increasing (positively sloped) thick red distracter 

Small Decrease Sharp Increase 

Small Increase Sharp Decrease 

Figure 7. Example of textual response options (Correct = 4) 

Procedure 

Participants were seated and presented with an informed consent form. After 

reading and signing it, they completed the demographic information sheet and the graph 
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comprehension test, followed by the mini eye test. Next, they were given the Embedded 

Figures Test or the Visual Pattern Test, depending on the order to which they were 

assigned. After completing that test, they were instructed to move to the laptop to begin 

the graph perception study. The onscreen instructions stated, 

"You will see a line graph very briefly. Each graph has two lines: one 
will have direction changes and one will always be perfectly straight. The 
one you are to pay attention to is the one with direction changes and not 
the straight line. The line with direction changes will always be black, 
whilst the straight ones will be red or black, thick or thin. You are only 
interested in trend of the crooked black line. You will then be presented 
with four options and your job is to choose the description of the trend that 
best describes the crooked black line you saw in the line graph. You will 
then be asked how certain you are of your choice. When you are done, 
press the spare bar to move on to the next line graph. You will do this for 
each graph until you have worked through all the graphs." 

Upon seeing the first practice stimulus graph for 50 ms (100 ms SOA and mask 

for 50 ms), the four textual response options were presented, followed by a text box 

requesting them to rate their certainty about the correctness of their answer, on a scale 

from 0 - 100 (0 = not at all certain and 100 = completely certain). When finished, they 

pressed the 'enter' key followed by the space bar to see the next stimulus. Participants 

completed the 12 pre-experimental graphs and then all 144 graphs in one randomized 

block. Participants were encouraged to take a break whenever they desired at any time in 

the trial. The researcher sat beside the participant throughout. When finished, they 

completed the VPT or the EFT, whichever they did not complete first. The participant 

was then thanked for his/her willingness to take part, debriefed, paid and dismissed. The 

experiment lasted approximately 1.5 hour. 
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Data Analysis 

The percentage of correct responses was calculated first for each condition and for 

each participant. The same was done for certainty scores. An error analysis was 

undertaken to identify possible problematic stimuli. Additionally, the average response 

time was calculated for each participant in each task. Because the dependent measures 

were the same for all experiments, the data were treated in the same fashion throughout. 

All experimental data shown include Confidence Intervals calculated using the approach 

described by Jarmasz and Hollands (2009). 

Results 

The results section is divided into six sub-sections. The first outlines the results 

of an error analysis. The second discusses data exploration with regard to assumption 

testing and outlying scores. The third presents mean performance data and explores the 

effects of the dimensions of orientation, color and line size (thickness). The fourth part 

explores the effects of the same independent variables on mean response times. In the 

fifth section, mean certainty ratings are presented with the same independent variables. 

The final section briefly addresses the relationship between the two tests (VPT and EFT) 

and the mean performance, certainty ratings and response times. An alpha level of .05 

was used for all statistical tests in these thesis experiments. All descriptive statistics, 

details of assumption and outlier tests, and error data are included in Appendix C. 

Error Analysis 

To ensure that no mismatch occurred between the researcher's and participants' 

mental models, percent correct was calculated for each participant and for each graph. 
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This was done for each subsequent Experiment as well. A criterion was set and any 

graph showing a percent correct less than 50% across all distracter conditions would be 

removed prior to the data analysis. None of the graphs met this criterion in this 

Experiment or in any of the three remaining Experiments, thus, all the graph stimuli were 

retained throughout. 

Data Exploration 

Outliers were defined in two ways: first those scores lying three standard 

deviations from the mean were considered 'extreme', and second, those scores that might 

lie closer to the mean but may pull the distribution in one way or another resulting in 

violations of normality. Thus, it was possible to have an extreme outlier that did not 

influence the distribution and a not quite so extreme outlier that did have an influence. 

Thus they could be outlying and influential, outlying and not influential or slightly 

outlying and influential. If they were outlying and influential, the scores were adjusted. 

If they were just outlying and did not affect the distribution, they were left alone and 

included in the analyses. Box plots, stem and leaf plots, frequency, histograms, 

detrended Q-Q plots and normalized Q-Q plots were used throughout these thesis 

experiments to identify outliers. Outlying scores were dealt with on a case-by-case basis, 

generally following the same sequence of testing. When an outlier was identified on 

performance scores or response times, using one of the above noted methods, its relation 

to others' scores in that same condition was first examined. If the participant's score 

differed from those in the same condition, and if it resulted in a violation of normality, 

the score was adjusted to one standard deviation above or below the mean (depending on 

whether the score was much higher or lower than the others), unless the adjustment 
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would have resulted in a misrepresentation of the meaning of the outlying score. For 

example, if many participants show outlying scores on different tasks, this is more likely 

due to individual differences and task difficulty. If only one participant's score was 

outlying in any given condition, then that is more likely to be due to some force other 

than the experiment or to chance. Either way, in that case the score would have been 

adjusted as described above. That type of adjustment seemed reasonable because it 

would have been acceptable to replace the score with the mean of the group. Instead, it 

was replaced by a score that more closely approximated the outlying one by accounting 

for its place in the distribution - either higher or lower than the mean. In the case of 

certainty ratings, outlying scores were first compared to the participant's own ratings on 

other conditions to determine if they were consistent for that person. If the ratings were 

similar across conditions, the rating was left alone. If it was out of line with that 

participant's other ratings, the ratings of the group, and it caused a violation of normality, 

the score was adjusted. 

The data for performance, response times and certainty were explored to ensure 

that assumptions of ANOVA were met and that outlying scores did not adversely affect 

the results. Beginning with performance data, tests of normality showed a violation in 

the black thin inconsistent and the red flat thick orientation conditions. An outlier 

analysis revealed two outlying scores (participants 3 and 10). Both were outlying and 

influential. They were moved back within one standard deviation higher or lower than 

the mean for the group. Participant 10's score in the black thin inconsistent orientation 

was decreased and Participant 3's score in the red thick flat orientation condition was 

increased. 
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An analysis of response time data showed that the normality assumption was 

violated in the condition with red flat thin distracters. Closer inspection showed that four 

outliers were identified although only one was influential and thus affected normality. 

Participant 7's response time, in the red flat thin condition was adjusted downward to one 

standard deviation above the mean. 

Finally, certainty data was also explored for assumption violations and outliers. 

Participant 6 was identified as outlying in 9 conditions. This participant deviated from 

the group but not from his/her own certainty ratings, which were consistently low. Of the 

9 somewhat outlying scores, only 2 were adjusted as they were identified as influential. 

They were adjusted upward to one standard deviation above the mean but the others were 

left as they were. 

Performance 

Figure 8 shows the mean percent correct results for the three orientation 

conditions, for both color conditions and for both thin and thick distracters. The Figure 

suggests that performance was more variable across the black thin distracter conditions 

than the red thin distracter conditions. Within the thin black distracter conditions, 

performance appeared best for flat distracters, followed by consistently oriented 

distracters and then for thin inconsistently oriented distracters. 

When looking across inconsistent conditions, performance with black thin 

distracters appeared lower than with the red thin distracters. Similarly, in the same 

orientation condition, performance with thin black distracters appeared lower than with 

thick black distracters. 
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Figure 8. Mean percent correct responses for distracter color (red, black) orientation 
(consistent, inconsistent, flat) and line size (thin, thick), bars represent CIs for 3-way 
interaction = Mt± 5.76 

To test Hypotheses la, 2a and 3a, a (3 x 2 x 2) within groups ANOVA was 

conducted for mean performance scores on target and distracter orientation (consistent, 

inconsistent, flat), distracter line size (thin, thick) and color (red, black). The three-way 

interaction was significant, F(2, 18) = 3.78, p = .043, rip2 = .30, but none of the two way 

interactions reached significance: orientation by color, F(2, 18) = 0.96,p = .401, np
2 = .10; 

orientation by size, F(2, 18) = 0.53, p = .597, np
2 = .06; or color by size, F(2, 9)= 0.05, p 

= .836, np
2 = .005. The main effect for color, F(l, 9) = 1.42,p = .264, np

2 = . 14, and size, 

F(l, 9)= 3.28,p = .103, np
2= .27, did not reach significance either. However, there was a 

highly significant main effect of orientation, F(2, 18) = 20.58, p = .000, np
2 = .70, 

(consistent: M= 62.29, SE = 3.909; inconsistent: M= 59.21, SE = 3.68; flat: M= 76.84, 

SE = 3.01). To unravel the three-way interaction, simple main effects were calculated. 

There was a significant simple effect of orientation in all four distracter conditions 

namely with thin black distracters, F(2, 18)= 10.77, p = .001, np
2 = .54, with thick black 

distracters, F(2, 18) = 6.69,p = .07, r|p
2 = .43, as well as with thin red distracters, F(2, 18) 

= 3.88,/? = .040, np
2= .30, and with thick red distracters, F(2, 18) = 10.39,p = .001, r|p

2 

= .54. 
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Comparing the three orientations within the thin black distracter conditions 

showed that performance on the inconsistent orientation was significantly lower than on 

the flat orientation, F(l, 9) = 21.71, p = .001, r|p2 = .71. The same was true for the 

consistent orientation, F(l, 9) = 7.1 \,p = .026, r|p
2 = .44. Performance on the consistent 

orientation was marginally higher than the inconsistent orientation, F(l, 9) = 4.39,p 

= .066, T|p
2 = .33, thus showing some support for Hypothesis la, which stated that 

performance would be better in the consistent- than in the inconsistent condition with thin 

black distracters. This finding shows support the notion of dimensional configurality 

(e.g., Pomerantz, 1981). 

Comparing the different orientations within the thick black distracter conditions 

showed that performance in the inconsistent orientation was significantly lower than in 

the flat orientation, F(l, 9) = 11.39, p = .008, r|p
2 = .56, as was performance on the 

consistent orientation, F(l, 9) = 13.96,/? = .005, r\p
2 = .61. The consistent orientation did 

not differ significantly from the inconsistent orientation, F(l, 9) = 0.38,p = .550, np 

= .04. It was thus more difficult to distinguish the target from the distracter line in both 

consistent and inconsistent orientations than when distracters were flat and both the target 

and distracters were black, regardless of the thickness of the distracter line. 

Comparing the different orientations within the thin red distracter conditions 

showed that performance did not differ between the inconsistent and flat orientation, F(l, 

9) = 3.12, p = . 111, rip2 = .26, suggesting that the target may have been highly 

"discriminable". However, performance was significantly lower in the consistent than in 

the flat orientation, F(l, 9) = 14.05,/? = .005, np
2 = .61. Performance in the consistent 
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orientation however, did not differ significantly from performance in the inconsistent 

orientation, F(l, 9) = 0.3S,p = .555, np
2 = .04. 

Comparing the different orientations within the thick red distracter conditions 

showed that performance in the inconsistent was significantly lower than the flat 

orientation, F(l, 9) = 18.36,p = .002, riP
2 = .67, and the same was true for the consistent 

orientation, F(l, 9) = 10.35,/? = .011, np - .53. Consistent orientations did not differ 

significantly from the inconsistent orientations, F(l, 9) = 2.00,p = .191, np = .18. 

Looking now at differences for color within orientation and size, the three-way 

interaction was further explored to test Hypotheses 2a and 3 a and to identify if 

differences exist between only the flat distracter conditions. The only significant 

differences for color in simple simple effects were found in the inconsistent orientations 

with thin distracters, F{\, 9) = 5.96, p = .041, np
2 = .39, showing that performance was 

better with red than with black distracters. This supports Hypothesis 2a, which stated that 

performance would be better on inconsistent conditions with thin red distracters than with 

thin black distracters. This finding shows support for Garner's (1974) theory regarding 

the discriminability of the color dimension and shows support for the notion of selective 

serial processing. This finding also indicates that flat orientation conditions did not differ 

from each other despite distracter color and size manipulations. 

To test Hypotheses 3 a, asserting that performance in inconsistent conditions with 

thick black distracters would be better than with thin black distracters, simple simple 

main effects of line thickness at each color and each orientation confirmed this, F(l, 9) = 

7.53,p = .023, rip2 = .46. This supports Hypothesis 3a and provides further evidence for 

the discriminability of dimensions (Garner, 1974) and selective serial processing. No 
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other differences were found, which also indicates that the flat distracter conditions did 

not differ despite variations in distracter color and size. A simple simple main effects 

contrast compared inconsistent thick red to inconsistent thin black distracters. The 

difference was only marginally significant, F(\, 9) = 3.90,p = 0.08. 

Response Times 

From Figure 9, it can be seen that mean response times for red and black 

distracters did not vary as much in the consistent orientation as they did in the 

inconsistent- and the flat orientations. 

Consistent Inconsistent Flat 

Line Orientation 

Figure 9. Mean response time (ms) for distracter color (red, black) and orientation 
(consistent, inconsistent, flat), bars represent CIs for 2-way interaction = Mt± 136.26 

To test Hypotheses lb, 2b and 3b, a (3 x 2 x 2) within groups ANOVA was 

conducted for response times on target and distracter orientation (consistent, inconsistent, 

flat), distracter size (thin, thick) and color (red, black). The three-way interaction was 

not significant, F(2, 18) = 0.32, p = .730, np
2 = .03. However, the two-way interaction of 

orientation and color was significant, F(2, 18) = 5.79, p = .011, rip2 = .39. As Figure 9 
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shows, response times for black distracters were considerably longer than response times 

for graphs with red distracters only when orientation was inconsistent. 

Tests of simple main effects of orientation within black distracters showed that 

responses to inconsistent orientations took longer than to flat orientations, F(l, 9) = 15.17, 

p = .004, rjp2 = .63, and longer than consistent orientations, F(l, 9) = 6.24, p = .034, r|p2 

= .41. However, responses to consistent orientations did not take longer than they did for 

flat orientations, F(l, 9) = 1.00,/? = .344, np
2 = .10. 

Tests of simple main effects showed that within red distracter conditions, 

consistent distracter orientations took longer than flat ones, F{\, 9) = 6.85,/? = .028, np
2 

= .43. However, inconsistent and flat orientations did not differ, F(l, 9) = 1.85,/? = .207, 

np = .17. Similarly, comparing consistent and inconsistent orientations revealed no 

differences, F(l, 9) = 1.30,p = .284, np
2 = .13. 

The two-way interaction of orientation and line size did not reach significance, 

F(2, 18) = 2.66, p = .097, np
2 = .23, but the interaction of color and size was marginally 

significant, F(l, 9) = 4.87,p = .055, np
2 = .35. These results are shown in Figure 10. 

Figure 10. Mean response time (ms) for distracter color (red, black) and line size (thin, 
thick), bars represent CIs for 2-way interaction = Mt ± 276.31 
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Tests of simple main effects were conducted for size within red and black 

distracter conditions. The results showed that there was a difference between response 

times to thin and thick distracters in the black distracter condition, F(l, 9) = 7.87,/? 

= .021, x]p
2 = .47, showing that responses to thin black distracters took longer than to 

thick black distracters. However, distracter thickness within the red distracter condition 

did not contribute to response time differences, F(l , 9) = 0.19,p = .677, np
2 = .02. 

Looking at simple main effects of color within size showed that it took 

significantly longer to respond to black thin distracters than to red thin distracters, F(l,9) 

= 6.51, p = .031, rip2 = .42, but not when they were thick, F(l , 9) = 3.74, p = .085, np
2 

= .29. 

There was a main effect for orientation, F(2, 18) = 4.91, p = .020, r|p = .35. 

Pairwise LSD comparisons showed that responses in flat distracter conditions were 

significantly faster than in the inconsistent conditions (p = .006) and were only 

marginally faster than in the consistent conditions (p = .061) (see Figure 9, p. 66). There 

was also a main effect of color, F(\, 9) = 7.10, p = .026, r\p = .44, which showed that 

participants responded faster when distracters were red than when they were black. The 

main effect of size was only marginally significant, F(l, 9) = 3.97, p = 0.077, rip =.31, 

and was thus not explored further. 

As the three-way interaction was not significant, tests of the specific hypotheses 

were not completed during the initial exploration of the ANOVA findings. Tests of the 

specific hypotheses were therefore conducted as planned comparisons. Hypothesis lb 

stated that responses to consistent- would be faster than for inconsistent conditions with 
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thin black distracters. The results of these simple simple comparisons showed that 

responses for consistent thin black distracters were faster than those for inconsistent black 

distracters, F(\, 9) = l.\l,p = .025, r)p
2 = .44, showing support for Hypothesis lb and 

therefore the configurability of dimensions (e.g., Pomerantz, 1981). 

Hypothesis 2b stated that responses would be faster in inconsistent conditions 

with thin red distracters than with thin black distracters. Results of simple simple 

comparisons showed that there were significant differences between red and black thin 

distracters, in inconsistent conditions, F(l, 9) = 6.86, p = .028, r|p2 = .43, with black 

taking longer. This finding shows support for Hypothesis 2b and therefore the 

discriminability of dimensions (Garner, 1974). 

Finally, Hypothesis 3b stated that responses in inconsistent conditions would be 

faster with thick black distracters than with thin black distracters. Tests of simple simple 

comparisons showed that the difference was marginally significant, F(\, 9) = 4.67,p 

= .059, r|p2 = .34. Responses were marginally faster to thick black compared to thin 

black inconsistently oriented distracters, thus showing some support for Hypothesis 3b. 

Certainty 

Certainty was lowest and most variable in the thin black inconsistent condition, 

with less variability in the other two distracter conditions. Flat distracter conditions 

appear to result in the highest certainty. This is shown in Figure 11. 
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Figure 11. Mean certainty rating for distracter color (red, black), orientation (consistent, 
inconsistent, flat) and line size (thin or thick), bars represent CIs for 3-way interaction = 
Mt± 3.76 

To test the Hypotheses lc, 2c and 3 c, a (3 x 2 x 2) within groups ANOVA was 

conducted for certainty ratings on target and distracter orientation (consistent, 

inconsistent, flat), distracter size (thin, thick) and color (red, black). The three-way 

interaction was significant, F(2, 18) = 16.44,/? = .000, np
2 = .65, and so were the two-way 

interactions of orientation and size, F(2, 18) = 8.3, p — .003, r)p
2= .48, as well as 

orientation and color, F(2, 18) = 9.37, p = .002, r|p
2 = .51. The interaction of color and 

size did not reach significance, F(l, 9) = 3.60, p = .090, np
2 = .29. The main effect of size 

was highly significant, F(l, 9) = 86.06,/? = .000, r|p = .91, showing that certainty was 

higher when distracters were thick (M= 66.96, SE = 4.59) than when they were thin (M = 

62.90, SE = 4.80). The main effect of orientation was also highly significant, F(2, 18) = 

14.46, p = .000, np
2 = .61. Pairwise LSD comparisons showed that certainty was rated 

higher when they were oriented consistently (M= 65.10, SE = 4.86) than when they were 

oriented inconsistently (M= 60.10, SE = 5.08) (p = .010), but the consistent orientations 

were rated significantly lower than the flat (M= 69.59, SE = 4.42) (p = .035). Certainty 

was rated significantly higher for flat distracter orientations than for inconsistent 



Do Separable Dimensions Matter? 75 

orientations (p = .001). A main effect of color, F(l , 9) = 14.81,/? = .004, np
2 = .62, 

showed that certainty on graphs with red distracters was rated higher than on graphs with 

black distracters. 

Drilling down into the three-way interaction, tests of simple simple effects were 

conducted. Tests exploring orientation within size and within color showed that certainty 

differed significantly within thick red, F(2, 18) = 7.24, p = .005, np
2 = .45, and thin black, 

F(2, 18) = 49.07,p = .000, np
2 = .85; but not within thick black, F(2, 18) = 0.07, p = .935, 

rip2 = .007, or thin red distracters, F{2, 18) = 2.04, p = .159, r|p
2 = .18. 

Simple simple comparisons between conditions with thin black distracters showed 

that certainty for inconsistent conditions was lower than for flat conditions, F(l , 9) = 

59.68, p = .000, np
2 = .87. However certainty did not differ between consistent and flat 

conditions, F(l, 9) = 0.09, p = .768, np2 = .01. Certainty regarding inconsistent 

conditions was lower than consistent conditions, F(l, 9) = 84.44,/) = .000, r|p
2 = .90. 

This supported hypothesis lc, which stated that certainty ratings would be higher in the 

consistent- than in the inconsistent conditions with thin black distracters. 

Within thick red distracter orientations, significant differences were found for 

certainty between consistent and flat conditions, F(l, 9) = 19.72,/> = .002, riP
2 = .69, and 

between inconsistent and flat conditions, F(l, 9) = 6.16,p = .035, riP
2 = .41, but not 

between consistent and inconsistent conditions, F(l, 9) = 0.61,p = .456, r|p
2 = .06. This 

result shows that certainty ratings were similar for consistent- and inconsistent conditions, 

but both were lower than the flat condition. 

Simple simple comparisons of distracter color within each orientation and size 

showed that distracter color was responsible for significant differences in certainty 
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ratings between inconsistent thin distracter conditions, F(l, 9) = 45.59, p = .000, np 

= .84. Certainty was higher when distracters were red rather than black. Hypothesis 2c, 

which stated that certainty ratings would be higher in inconsistent conditions with thin 

red distracters than with thin black distracters, was thus supported. In the flat thick 

conditions, F(l, 9) = \0.98,p = .009, riP
2 = .55, the red was also rated higher in certainty 

than the black. No other significant differences were found in consistent thin, F(\, 9) = 

0.82,;? = .387, rip2 = .08, consistent thick, F(l, 9) = 0.02,p = .891, np
2 = .002, 

inconsistent thick, F(l, 9) = 1.04,/? = .333, np
2 = .10, or flat thin conditions, F(l, 9) = 

1.48, ̂  = .254, rip
2 = .14. 

To test Hypothesis 3 c, which stated that certainty ratings would be higher in the 

inconsistent condition than with thin black distracters with thick black distracters, simple 

simple comparisons were conducted between line thicknesses within black distracters for 

each orientation. The results showed that there was a highly significant difference 

between certainty ratings for thin and thick distracters in the inconsistent conditions, F(l, 

9) = 66.04, p = .000, rip2 = .88. This finding supports Hypothesis 3c and is further 

evidence for the discriminability of dimensions (Garner, 1974). No other differences 

were found between thin and thick distracters in consistent conditions, F(l, 9) = 0.80,/? 

= .393, rip2 = .08, or in flat conditions, F(l, 9) = 0.6,;? = .817, np
2 = .006. A summary of 

the hypothesis testing results is shown in Table 3. 
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Summary of Hypotheses 

Table 3 

Hypothesis number, predictions, test used and result 

H # Prediction Test Used Result 
1 a Performance will be better in the consistent-

than in the inconsistent condition with thin 
black distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent condition 
with thin black distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent condition 
with thin black distracters. 

2a Performance will be better in the inconsistent 
condition with thin red distracters than with thin 
black distracters. 

2b Response times will be shorter in the 
inconsistent condition with thin red distracters 
than with thin black distracters. 

2c Certainty ratings will be higher in the 
inconsistent condition with thin red distracters 
than with thin black distracters. 

3 a Performance will be better in the inconsistent 
condition with thick black distracters than with 
thin black distracters. 

3b Response times will be shorter in the 
inconsistent condition with thick black 
distracters than with thin black distracters. 

3 c Certainty ratings will be higher in the 
inconsistent condition with thick black 
distracters than with thin black distracters. 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Simple simple 
comparisons 

Supported 
(marginal) 

Supported 

Supported 

Supported 

Supported 

Supported 

Supported 

Supported 
(marginal) 

Supported 

Individual Differences 

The two tests administered to determine if differences in short term visual 

memory (VPT) and ability in field dependence-independence (EFT) could account for 

differences in performance, response times and rated certainty, yielded little explanatory 
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power. Pearson Product Moment Correlation Coefficients were calculated and the results 

showed that these tests did not consistently correlate with any of the dependent variables, 

but they did correlate with each other in 3/5 comparisons, conducted in the four 

Experiments and the second Preliminary Study. The correlation tables are shown in 

Appendices BB-F. These tests were administered in all four Experiments as well as 

Preliminary Study 2 and out of the 36 possible correlations (the total of all conditions), 

the VPT accounted for a significant relation between it and performance, 0/36 times, 

between it and response times, 6/36 times, and between it and certainty, 0/36 times. The 

EFT accounted for significant relations between it and performance 5/36 times, between 

it and response times 7/36 times and finally, between it and certainty 2/36 times. Thus, 

none of the correlation analyses showed that these tests systematically accounted for a 

significant amount of variance in either of the dependent variables. Therefore, they are 

not discussed further in this thesis. 

Discussion 

When exploring the three-way interaction, no differences were identified between 

the four flat distracter conditions (thin black, thick black, thin red, and thick red) despite 

variations in size and color. One possible way to interpret this result is that combinations 

of distracter line orientation, color and size are separable dimensions when presented in 

simple line graphs. 

The remainder of the discussion addresses three important topics. First, evidence 

of serial- and parallel processing is discussed. Second, evidence for state- and process 

limitations is presented and third, possible strategies that can account for performance 

enhancement in inconsistent conditions are outlined. 
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Serial and Parallel Processing 

Taking the thin black distracters first, Hypothesis 1 a stated that performance 

would be better in consistent- than in inconsistent conditions. It was marginally 

supported. Hypothesis lb stated that response times would be shorter in the consistent-

than in the inconsistent condition. It was supported. Hypothesis lc stating that certainty 

ratings would be higher in the consistent- than in the inconsistent condition, was also 

supported. Performance in the consistent condition represents parallel processing 

because the two lines were same color and oriented in the same direction. In turn, it 

supports the notion of dimension configurability (e.g., Carswell, 1992; Pomerantz, 1981; 

Pomerantz & Garner, 1973). Performance in the inconsistent condition may be attributed 

to a serial processing mechanism because the lines could not easily be discriminated from 

one another, which forced participants to pay attention to each line. The finding that 

response times were shorter for consistent than for inconsistent thin black distracters is 

similar to the result obtained by Carpenter and Shah (1998), who found that graphs 

showing non-interacting lines were interpreted faster than interacting lines. The higher 

certainty ratings evidenced in the consistent than in the inconsistent distracter conditions 

indicates that participants knew when their answers were correct. In the consistent 

condition with thin black distracters, performance, response times and certainty ratings 

indicate that the target line was easier to interpret than in the inconsistent condition. 

Hypothesis 2a predicted that performance in the inconsistent condition would be 

better with thin red- than with thin black distracters. That was supported. Now, if serial 

processing had been applied, performance would have been very similar in the 

inconsistent thin red and thin black distracter conditions. Since that was not the case, the 
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results suggest that a different processing mechanism was used. It is possible that a 

parallel processing strategy was used with inconsistent thin red distracters. Hypothesis 2b 

stated that response times would be shorter in the inconsistent condition with thin red-

than with thin black distracters. It was also supported. In accordance with Hypothesis 2c, 

which was also supported, participants responded faster in inconsistently oriented thin red 

distracter conditions than in thin black distracter conditions, indicating that the correct 

trend was more readily identified when distracter lines were red. Finally, the higher 

certainty ratings in the thin red- than in the thin black inconsistent conditions indicate that 

participants were aware of the correctness of their responses. 

For black distracters, Hypothesis 3 a predicted that performance on inconsistent 

conditions would be better with thick than with thin distracters. It was also supported. 

Hypothesis 3b stating that response times in the inconsistent thick black distracter 

condition would be shorter than with thin black distracters, was marginally supported. 

Finally, as predicted by Hypothesis 3 c, certainty ratings were higher in the inconsistent 

thick black- than in the thin black distracters condition. Since performance was better in 

the inconsistent thick black- than in the inconsistent thin black distracter condition, this 

indicates that a parallel processing mechanism was applied. Response time measures 

indicate that it was easier to identify the correct trend when distracter lines varied from 

the target on size or on both size and color. Performance, response time and certainty 

ratings all indicate that the target line was easier to interpret when the distracter line 

differed in size than when both were the same size. This was true even when both lines 

were the same color. 
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Performance was also marginally better with thick red- than with thin black 

distracters also indicating a parallel processing mechanism. Taken together, these results 

indicate that manipulation of distracter line color or size enhanced the discriminability of 

targets and distracters, in inconsistent conditions, which therefore resulted in parallel 

processing. 

State Limitations and Process Limitations 

Performance across the four flat distracter conditions did not differ, suggesting 

that when the orientation was flat, the other dimensions did not matter. Furthermore, 

performance in any of the flat distracter conditions was not surpassed by any of the other 

conditions, suggesting that the flat condition represented the best possible performance 

under these circumstances. However, the one exception was that, in the thin red 

inconsistent condition, performance did not differ from performance in the thin red flat 

condition. Apparently, manipulation of distracter line color alone rendered the target line 

very discriminable. Still, the overall results from the flat distracter conditions reinforce 

the contention that errors in the flat conditions were due to exposure time limitations only. 

They also suggest that performance was as good as it could be in the flat distracter 

conditions, indicating that any errors were due to state limitations, as described earlier (p. 

36). 

Looking only at performance in the thin black distracter conditions, it was argued 

earlier that the flat distracter condition would be the least perceptually complex because 

the distracter would more readily blend into the background than in the consistent- and in 

the inconsistent distracter orientations. This is because the distracter line was the same 

orientation, color and size as the grid lines on the graph. Performance was indeed found 
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to be best in that particular flat distracter condition compared to the consistent and 

inconsistent conditions. This is further evidence that the flat distracter condition 

represented the best possible performance, thereby providing evidence for state 

limitations. It is therefore safe to conclude that any additional errors identified in the 

comparison of the flat conditions to other orientation conditions must be due to stimulus 

characteristics rather than to the limited exposure time alone. That is, they would be due 

to process limitations. 

Strategy Adoption 

Focusing only on performance in inconsistent conditions, as the above results 

showed, the high discriminability of red distracters facilitated accurate target selection, 

particularly when they were thin. This supports Bertin (1983), who would predict that 

color and orientation should affect perceptual complexity the most because they are both 

associative and selective. However, performance with thick black inconsistent 

distracters was less than the best possible. It differed from performance on the flat 

condition, whereas thin red inconsistent distracters did not. This shows that when only 

one dimension was manipulated, color enhanced performance more than size in the 

inconsistent conditions. However, when both color and size were manipulated, as in the 

thick red inconsistent conditions, performance was still less than the best possible. This 

shows that manipulating color alone resulted in the best performance in inconsistent 

conditions. Overall, however, performance was better in inconsistent conditions when 

distracter color and/or size was different from the target line than when they were both 

the same color and size. 
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With a thick red and a thick black distracter line, performance did not differ 

between the consistent and inconsistent conditions, which still suggests that a parallel 

processing strategy was adopted. So, performance was better than expected in the thick 

black and thick red conditions than if serial processing had occurred. Since performance 

was poorer than on the flat condition, it suggests a selective serial processing strategy. 

Stimulus redefinition would have been shown if performance across all distracter 

conditions had been indistinguishable from performance on the flat condition. This result 

would have provided evidence that the two stimulus lines were processed as one integral 

dimension. This clearly did not happen. The stimulus redefinition strategy may be 

possible if the targets and distracters differed consistently on only one dimension 

throughout an experiment. That was tested in Experiment 3. 

In summary, performance was enhanced in inconsistent conditions when 

distracter color or size varied from the targets but not when they shared both color and 

size. One possibility is that participants adopted selective serial processing. Variations 

in distracter color or size, or both of these, increased the discriminability between targets 

and distracters, thus facilitating the perception and processing of separable dimensions. 

This was shown in the comparisons of inconsistent and consistent conditions in which no 

differences were identified. Serial processing only appears to be necessary when 

distracter and target lines are inconsistently oriented and share both color and size. 

However, parallel processing appears to be employed when distracter lines are flat or 

when they are oriented consistently with target lines. Parallel processing seems to 

explain performance when target and distracter lines are inconsistently oriented but can 

be differentiated by color, or size, or both of these. 
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It is premature to draw any firm conclusions because participants were exposed to 

all combinations of distracter orientations, sizes and colors. Experiment 2 was therefore 

conducted to test the impact of variations in color and orientation on parallel and serial 

processing mechanisms and the strategies adopted for efficient performance. 
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Experiment 2: Orientation and Color 

The purpose of this experiment was to test the effects of line orientation and color 

on graph perception and interpretation, and to unravel the three-way interaction of color, 

size and orientation found in Experiment 1. The colors tested were again red and black, 

and all target and distracter lines were thin. As in Experiment 1, the thin black distracter 

conditions were employed to establish the conditions under which serial- and parallel 

processing mechanisms could be observed. Hypothesis 1 a predicted that performance 

would be better in the consistent- than in the inconsistent condition with black distracters. 

Response times would also be shorter (Hypothesis lb) and certainty ratings would be 

higher (Hypothesis lc) in the consistent- than in the inconsistent condition with black 

distracters. 

Consistent with Garner's (1974), the target should be "discriminable" when 

inconsistently oriented target and distracter lines differ in color. That is, participants 

should be easily able to select the black target lines when the distracter lines are red. 

Hypothesis 2a therefore predicted that performance would be better in the inconsistent 

condition with red distracters than with black distracters. Likewise, response times 

would be shorter (Hypothesis 2b) and certainty ratings higher (Hypothesis 2c) in the 

inconsistent condition with red distracters than for thin black distracters. The Hypotheses 

are outlined in Table 4. Flat distracter conditions were again employed. 
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Table 4 

Hypothesis number, predictions and test used 

H # Prediction Test Used 
1 a Performance will be better in the consistent-

than in the inconsistent condition with black 
distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent 
condition with black distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent 
condition with black distracters. 

2a Performance will be better in the 
inconsistent condition with red distracters 
than with black distracters. 

2b Response times will be shorter in the 
inconsistent condition with red distracters 
than with black distracters. 

2c Certainty ratings will be higher in the 
inconsistent condition with red distracters 
than with black distracters. 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Method 

Participants 

A sample of 16 new participants were recruited from Carleton University but two 

participants indicated that they did not follow the instructions and thus their data was 

eliminated leaving data for 14 participants to be analysed (4 women, 10 men, mean age 

of 24.93 years, ranging from 17 to 40 years). All responded to advertisements posted 

around campus and each was paid $10.00 for participation. All were Carleton University 

students. All were pre-screened for colorblindness and for visual acuity using a mini eye 

chart. 
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Apparatus and Materials 

The apparatus and materials were the same as in Experiment 1, with the exception 

that the graph stimuli included only the line graphs with thin distracters, used in 

Experiment 1. 

Design 

This experiment employed a completely within-groups design, shown in Table 5, 

and the stimuli were presented the same as they were in Experiment 1. Seven 

participants completed the VPT first and the EFT after the experimental trials, whilst the 

other seven completed the EFT first and the VPT last. 

Table 5 

Experimental design, red and black distracters in consistent (C), inconsistent (I), and flat 
(F) orientations, all with thin black targets, with 12 graph stimuli in each condition 

Thin (size) 

Test 

VPT 

EFT 

P's 

PI 

P7 

P8 

P14 

C 
n= 
12 

Red 
I 

n= 
12 

Black 
F C I 

n= n= n= 
12 12 12 

F 
n= 
12 

Test 

EFT 

VPT 

Seventy-two line graphs were presented, preceded by 12 practice line graphs. The 

stimulus graphs and textual options were the same as in Experiment 1, excluding the 72 

stimuli with thick distracters. 
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Procedure 

The procedure was exactly the same as for Experiment 1. The experiment lasted 

approximately 1 hour. 

Results 

The results are divided into four sections: data exploration, performance, certainty, 

and response times. All descriptive statistics, details of assumption and outlier tests, and 

error data are included in Appendix D. 

Data Exploration 

The data for performance, response times and certainty were explored to ensure 

that assumptions of ANOVA were met and that outlying scores did not adversely affect 

the results. Beginning with performance data, tests of normality showed that normality 

was violated but no outlying participant scores were identified. Mauchley's test of 

Sphericity was performed and showed a violation for orientation, W= 0.58, x2 (2) = 6.58, 

p — .037, thus a Huynh-Feldt Epsilon correction was applied (0.76) and the degrees of 

freedom in both the numerator and denominator of the F ratio were re-calculated and 

used where differences in degrees of freedom resulted. 

An analysis of response time data revealed that the assumption of normality was 

violated in three conditions. Three participants' response times were identified as 

outlying and influential. Therefore, the three response times were adjusted. A re-

analysis of the data showed that after moving the values to one standard deviation above 

or below the mean, the data was normally distributed. Finally, Mauchley's test of 



Do Separable Dimensions Matter? 89 

Sphericity was performed and showed a violation for orientation, W=0.57,% (2) = 6.81, 

p = .033, thus a Huynh-Feldt Epsilon correction was applied (0.76) and the degrees of 

freedom in both the numerator and denominator of the F ratio were re-calculated. 

An analysis was also conducted for certainty ratings and tests of normality 

showed the assumption to be satisfied, although one participant's ratings appeared to be 

outlying in three of the 6 conditions, it was retained because it fell within normal limits in 

the other conditions and did not cause a violation of the normality assumption or 

sphericity. 

Performance 

The results of correct performance data are shown in Figure 12 for red and black 

distracter colors in consistent, inconsistent and flat conditions. It appears that black 

distracters resulted in slightly better performance than red distracters when target and 

distracters were consistently oriented. However, red distracters appear to have resulted in 

better performance than black distracters when distracters were inconsistently oriented. 

There appears to be no difference between the red and black flat distracter conditions. 
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Figure 12: Mean percent correct responses for distracter color (red, black) and 
orientation (consistent, inconsistent, flat), bars represent CIs for 2-way interaction = Mt± 
6.44 

To test the performance Hypotheses (la and 2a), a (2 x 3) ANOVA was 

conducted for performance on distracter color (black, red) and target and distracter 

orientation (consistent, inconsistent, flat). The interaction of color and orientation was 

highly significant, F(2, 26) = 9.13,p = .001, r|p
2= .41. 

Exploring simple main effects within color and between orientations showed that 

there was an effect of orientation for black distracters, F(2, 26) = 6.51, p = .005, np
2 = .33, 

but not for red ones, F(2, 26) = 2.25,p = .126, rip2 = .15. Simple comparisons were 

therefore made within orientation for the black distracters only. The results showed that 

there was a significant difference between inconsistent and flat orientations, F(l, 13) = 

12.69,p = .003, r|p2 = .49. Similarly, there was a significant difference between the 

consistent and inconsistent orientations, F(l, 13) = 9.89,/? = .008, r)p
2 = .43, which 

confirms support for Hypothesis la. However, there was no significant difference 

between the consistent and flat orientations, F(l, 13) = 0.56, p = .468, np
2 = .04. 
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Tests of simple main effects showed that there was a difference between 

distracter-line colors in the consistent orientations, F(l, 13)= 11.01,/? = .006, r|p = .46; 

black distracters led to better performance. In the inconsistent orientation red distracters 

led to better performance than black distracters, F(l, 13) = 12.63,/? = .004, np = .49. 

This supports Hypothesis 2a. No differences were found in the flat orientation, F(l, 13) 

= 0.65,/? = .433, np
2 = .05. No main effect for color, F(l, 13) = 0.03,/? = .864, r\p

2 = .07, 

or for orientation, F(1.53, 19.84) = 0.95,/? = .379, r|p
2 = .002, was found. 

Response Times 

Figure 13 shows the results for the analysis of mean response times for both red 

and black distracters in consistent, inconsistent and flat conditions. Response times do 

not appear to differ between red and black distracters in the consistent condition. 

However, it appears that participants responded faster to red distracters than to black 

distracters in the inconsistent condition. Response times appear to be slightly shorter in 

the flat condition regardless of line color. 

10 

h_ 

E 
i-
« 
V) 

c o 
a 
m 
DC 

c 
CO 

6000 -i 

5000 -

4000 -

3000 -

2000 -

1000 -

0 
Consistent Inconsistent Rat 

Line Orientation 

Figure 13. Mean response time (ms) for distracter color (red, black) and orientation 
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To test Hypotheses lb and 2b, a (2 x 3) ANOVA was conducted for response 

times on distracter color (black, red) and target and distracter orientation (consistent, 

inconsistent, flat). The interaction was significant, F(2, 26) = 4.40, p = .023, r\p = .25. 

As Figure 13 shows, response times within the black distracter conditions appear to be 

more variable than the red distracter conditions. This was confirmed by tests of simple 

main effects showing an effect of orientation, F(2, 26) = 4.93, p = .015, riP = .28. 

Simple comparisons showed that response times were longer with consistent than with 

flat orientations, F(l, 13) = 9.16,p = .010, r\p
2 = .41, and also longer than with 

inconsistent and flat orientations, F(\, 13) = 9.33,p = .009, r\p = .42. Response times 

did not differ between consistent and inconsistent orientations, F(l, 13) = 0.43,p = .523, 

np
2 = .03, refuting Hypothesis lb, which stated that response times in the consistent-

would be shorter with black distracters than in the inconsistent condition. It is thus 

evident that participants responded fastest to flat black distracters. 

A simple main effects analysis conducted on red distracters showed no significant 

differences within the three orientations, F(2, 26) = 1.61, p — .219, %, =.11. 

Exploring response times within each orientation revealed that response times did 

not differ between black and red distracters in the consistent orientations, F(l, 13) = 0.00, 

p = .980, np
2 = .0001, and nor was there a difference between colors in the flat 

orientations, F(\, 13) = 0.72,p = .412, r\p
2 = .05. There was however a significant 

difference in response times associated with black and red distracters in the inconsistent 

orientations, F(l, 13) = 11.75,/? = .004, r\p = Al. When distracters were black and 

oriented inconsistently with the target line, responses took longer than when they were 

red. This supports Hypothesis 2b, predicting that response times in the inconsistent 



Do Separable Dimensions Matter? 93 

condition would be shorter with red distracters than when they were black. No main 

effect was found for orientation, F(1.51, 19.65) = 2.35, p = .132, r\p
2 = .15, or for color, 

F(l, 13) = 2.21,;? = .161, np
2 = .15. 

Certainty 

Figure 14 shows the results for the analysis of mean certainty ratings for both red 

and black distracters in consistent, inconsistent and flat conditions. Certain ratings do not 

appear to differ between red and black distracters in the consistent conditions. 

Figure 14. Mean certainty rating for distracter color (red, black) and orientation 
(consistent, inconsistent, flat), bars represent Ch for 2-way interaction = Mx•+ 2.90 

To test Hypotheses lc and 2c, a (2 x 3) ANOVA was conducted for certainty on 

distracter color (black, red) and target and distracter orientation (consistent, inconsistent, 

flat). The interaction was not significant, F(2, 26) = 0.88,p = .426, np
2 = . 06, and there 

was no main effect found for distracter color, F(l, 13) = 1.53,p = .238, np
2 = .11. There 

was, however, a significant main effect for orientation, F(2, 26) = 6.18, p = .006, np
2 

= .32. Simple main effects analyses showed that certainty ratings were higher with 
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consistent- (M= 64.45, SE = 6.28) than with inconsistent (M= 60.63, SE = 6.63) 

orientations, F(l, 13) = 8.00,/? = .014, r|p2 = .38, but they did not differ from flat 

orientations (M= 65.44, SE = 6.23), F(l, 13) = 0.65,p = .435, np
2 = .05. However, 

certainty ratings were lower with inconsistent orientations than with flat orientations, F(l, 

13) = 7.86,p = .015, r)p2 = .38, regardless of distracter line color. Thus, inconsistent 

orientations brought about the lowest certainty ratings. Simple comparisons were then 

conducted as planned comparisons. A simple comparison between orientations within 

black distracters was conducted to test Hypothesis 1 c. The results showed that the 

difference was significant, F{\, 13) = 6.69,p = .023, np
2 = .34, thus showing support for 

Hypothesis lc, which stated that, certainty ratings would be higher in the consistent- than 

the inconsistent condition with black distracters. 

The simple main effect analysis of color within the inconsistent orientation was 

conducted to test Hypothesis 2c. The results showed that certainty ratings did not differ 

significantly between red and black distracters in the inconsistent condition, F(l, 13) = 

2.73, p = .122, r|p
2 = .17. This refutes Hypothesis 2c, which stated that certainty ratings 

would be higher in the inconsistent condition with red distracters than with black 

distracters. 
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Summary of Hypotheses 

Table 6 

Hypothesis number, prediction, test used and result 

H # Prediction Test Used Result 
1 a Performance will be better in the consistent-

than in the inconsistent condition with black 
distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent 
condition with black distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent 
condition with black distracters. 

2a Performance will be better in the 
inconsistent condition with red distracters 
than with black distracters. 

2b Response times will be shorter in the 
inconsistent condition with red distracters 
than with black distracters. 

2c Certainty ratings will be higher in the 
inconsistent condition with red distracters 
than with black distracters. 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Supported 

Refuted 

Supported 

Supported 

Supported 

Refuted 

Discussion 

The two flat distracter conditions (black, red) compared first revealed no 

differences; variations in the color of the line had no impact on performance in the flat 

condition. This reinforces the observation made in Experiment 1 that orientation and 

color are separable dimensions. 

Evidence of serial and parallel processing is discussed first. Second, evidence for 

state- and process limitations is presented and finally, possible strategies that can account 

for performance enhancement in inconsistent conditions are outlined. 
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Serial and Parallel Processing 

Hypothesis la stated that performance would be better in consistent- than 

inconsistent conditions with black distracters. It was supported. Performance in the 

black consistent condition represents parallel processing due to 'configural superiority 

effects' (e.g., Pomerantz, 1981), suggesting that participants paid attention to both lines 

simultaneously. The poor performance in the black inconsistent condition is a sign that 

the lines could not be readily distinguished from one another. Instead, participants paid 

attention to each line, suggesting that they adopted a serial processing strategy. This 

result therefore suggests that both parallel and serial processing occurred. However, 

contrary to the prediction of Hypothesis lb, response times did not differ between the 

consistent- and inconsistent conditions with black distracters. It was therefore refuted. 

Hypothesis lc predicting that certainty ratings would be higher in the consistent- than in 

the inconsistent condition with black distracters was supported. Hence, differences in the 

processing mechanism employed had no effect on response times, but it did affect 

certainty in the predicted direction, suggesting that participants knew when they were 

correct. 

Hypothesis 2a, predicting that performance would be better in the inconsistent 

condition with red- than with black distracters, was also supported, thereby providing 

support for the discriminability of dimensions (Garner, 1974). It also provides further 

evidence of parallel processing. If the lines had been processed serially, performance in 

the inconsistent condition with the red distracters would have been undifferentiated from 

performance with the black distracters. Hypothesis 2b predicted that response times 

would be shorter in the inconsistent condition with red- than with black distracters. It was 
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also supported. However, Hypothesis 2c, which predicted that certainty ratings would be 

higher in the red inconsistent than in the black inconsistent conditions, was refuted, as 

these did not differ. Apparently, participants failed to realize that they were more often 

wrong on graphs with black- than with red distracters. 

Performance in the consistent condition was better with black- than with red 

distracters. This suggests that the target and distracter did not configure when they 

differed in color; thus they appear to have been processed serially. Participants were 

unable to predict the color of the next distracter, which may have made it difficult to 

adopt a consistent strategy for identifying the target lines. One way to test this would be 

to present graphs with only one distracter color instead of two. That was done in 

Experiments 3 and 4. 

State Limitations and Process Limitations 

Performance across in the two flat distracter conditions did not differ, nor was that 

level of performance surpassed in any other condition. As in Experiment 1, this suggests 

that errors in the flat conditions were due to exposure time limitations only, hence 

representing state limitations. 

Looking only at black distracters, performance on the flat- was better than in the 

inconsistent conditions but did not differ from the consistent condition. Performance was 

also better in the consistent- than in the inconsistent conditions. Evidence for the 

distinction between state- and process limitations was provided by performance results 

from the black distracter conditions. The black inconsistent distracter line was 

responsible for errors additional to those committed in flat- and consistent conditions, 
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which may be attributed to process limitations. The most plausible explanation for this is 

that the stimuli were quite difficult to discriminate and process accurately. 

Looking only at performance with red distracters, however, neither the consistent 

nor the inconsistent conditions differed from performance on the flat condition. Thus, in 

the presence of red distracters, there was no evidence for process limitations; the 

manipulation of the distracter color apparently rendered the target very 'discriminable'. 

Thus, both state- and process limitations must have accounted for the additional errors in 

the black inconsistent condition, but only state limitations accounted for errors when 

distracters were red. 

Strategy Adoption 

Performance was better in the inconsistent condition with red distracters than with 

black distracters, suggesting that the black target must have been highly discriminable. 

Performance with the red distracters was undifferentiated from the best possible 

performance in the flat distracter condition. This allowed participants easily to select it, 

suggesting that a selective serial processing strategy was adopted when distracters were 

red. However, because performance with red distracter lines was undifferentiated from 

the flat, an alternative explanation is that a stimulus redefinition strategy may have been 

adopted. That is, in the presence of a red distracter line, a black target can be processed 

unitarily. However, because performance on consistent conditions was better with black-

than with red distracters, this suggests that the black target could not always be redefined. 

This indicates that stimulus redefinition did not occur. It is thus most likely that selective 

serial processing was adopted for target identification with red distracters. The above 

findings indicate that one of at least two possible processing strategies may have been 
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adopted for target identification when distracter orientation and color were varied. 

Experiments 3 and 4 both explored perceptual complexity by varying only size and 

orientation while holding distracter color constant. 
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Experiment 3: Orientation and Size 

The purpose of this Experiment was to explore how graph interpretation is 

affected when varying the size and orientation of distracter lines while holding target and 

distracter color constant. The target line was always thin and black and the distracter 

lines were always red, thick and thin. 

Recall that size, represented here by the thickness of distracter lines, is claimed to 

be the most perceptible of all dimensions (Bertin, 1983; Felfoldy & Gamer, 1973, Gamer, 

1974; Treisman & Sato, 1990), which means that thicker lines should be processed easily 

because they should stand out more than the thin black target lines. Thus, increasing 

distracter line size relative to the target line should make the distracter stand out very 

prominently, thereby decreasing the perceptibility of the target lines. With red, thick 

distracter lines, attention could be drawn to these first, when target lines are thin and 

black possibly leading to faulty target identification. The same should be less likely to 

occur with thin red distracter lines. Hypothesis 1 a therefore stated that performance 

would be better in the inconsistent condition with thin- than with thick distracters. 

Response times were predicted to be shorter (Hypothesis lb), and certainty ratings higher 

(Hypothesis lc) in inconsistent conditions with thin- than with thick distracters. These 

hypotheses are summarized in Table 7. 
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Table 7 

Hypothesis number, prediction and test used 

H # Prediction Test Used 
1 a Performance will be better in inconsistent Simple main effects analysis 

conditions with thin than with thick 
distracters. 

lb Response times will be shorter in Simple main effects analysis 
inconsistent conditions with thin than with 
thick distracters 

lc Certainty ratings will be higher in Simple main effects analysis 
inconsistent conditions with thin than with 
thick distracters. 

Method 

Participants 

A sample of 12 new participants, comprising 6 women and 6 men (mean age 

24.36 years, range of 21 to 29 years), were recruited from Carleton University and 

through personal contacts. They responded to advertisements posted around campus and 

were each paid $10.00 for their participation. All were pre-screened for colorblindness 

and tested for visual acuity using a mini eye chart. 

The apparatus and materials was the same as in Experiment 1, with the exception 

that the 72 graph stimuli were only those line graphs with red, thin or thick distracters. 

As before, line graphs were presented in random order. The design was exactly the same 

as in Experiment 2. 
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Results 

The results section has four sub-sections: data exploration, performance, certainty, 

and response times. All descriptive statistics, details of assumption and outlier tests, and 

error data are included in Appendix E. 

Data Exploration 

An analysis was undertaken for performance scores to identify threats to the 

assumptions underlying the ANOVA test. Tests of normality showed that it may have 

been violated in two conditions. An outlier analysis identified only Participant 12 as 

outlying. However, since the score deviated from the other scores in that condition, it 

was representative of that participant's scores on the other conditions and was therefore 

not altered. Sphericity was not violated. 

An analysis for response times revealed no violations of normality in the dataset. 

Only one participant was identified as an outlier, but because the score did not affect the 

normality of the distribution, it was not altered. Sphericity was not violated. 

Finally, the same analysis was undertaken for certainty ratings. Participant 4 was 

identified as an outlier in three conditions and the scores were adjusted as before for that 

participant, to one standard deviation above or below the mean. After this adjustment no 

other outliers were identified. Tests of normality did however indicate that the 

assumption was slightly violated still, but due to the small sample size and the nature of 

the scores, no further adjustments were made. Sphericity was not violated. 
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Performance 

Performance results for orientation and distracter size are shown in Figure 15. 

There appears to be very little difference between the orientations and between thin and 

thick distracter sizes. 

Figure 15. Mean percent correct responses for distracter line size (thin and thick) and 
orientation (consistent, inconsistent, flat), bars represent Ch for 2-way interaction = Mt ± 
5.88 

To test Hypothesis la, a (2 x 3) ANOVA was conducted for performance on 

distracter line size (thin, thick) and target and distracter orientation (consistent, 

inconsistent, flat). The interaction of orientation and size was not significant, F(2, 22) = 

l.ll,p = .348, r]p = .09, and neither were the main effects of orientation, F(2, 22) = 0.52, 

p = .604, rip2 = .04, or of size, F(l, 11) = 0.84,/? = .379, r|p
2 = .07. To test Hypothesis la, 

stating that performance will be better in inconsistent conditions with thin- than with 

thick distracters, a simple main effects analysis was conducted. The difference between 

the conditions was not significant, F(l, 11) = 0.65,p = .438, r|p
2 = .06. Thus, Hypothesis 

1 a was refuted. To test for dimension separability, a simple main effects analysis was 
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conducted on the two flat distracter conditions. No differences were identified F(l, 11) = 

0.60, p = .457, rip2 = .05, indicating that no interference occurred. 

Response Times 

Response time results for orientation and distracter size are shown in Figure 16. 

The consistent distracter conditions appear to have taken longer than the inconsistent and 

the flat orientations, with the flat distracter conditions taking the least amount of time. 

Figure 16. Mean response time (ms) for distracter line size (thin and thick) and 
orientation (consistent, inconsistent, flat), bars represent CIs for 2-way interaction = M/ + 
503.18 

To test Hypothesis lb, a (2 x 3) ANOVA was conducted for response times on 

distracter size (thin, thick) and target and distracter orientation (consistent, inconsistent, 

flat). The interaction of orientation and size was not significant, F(2, 22) = 0.25, p = .781, 

np = .02, and neither was the main effect of size, F(l, 11) = 0.07, p = .791, r|p = .006, 

but the main effect of orientation was significant, F(2, 22) = 4.62, p = .021, r|p2 = .30. 

Pairwise LSD comparisons revealed that graphs with flat oriented distracter lines were 

responded to faster than both the consistent- (p = .010) and the inconsistent orientations 
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(p = .056 - marginal), but these did not differ from each other (p = .262). To test 

Hypothesis lb, stating that response times will be shorter in inconsistent conditions with 

thin- than with thick distracters, a simple main effects analysis was conducted. The 

difference was not significant, F(l, 11) = 0.009,p = .927, r)p
2 = .001. Thus, Hypothesis 

lb was refuted. 

Certainty 

Figure 17 shows the mean certainty ratings for distracter line orientation and line 

size. There appears to be very little difference between the conditions. 

Consistent Inconsistent Rat 

Line Orientation 

Figure 17. Mean certainty rating for distracter line size (thin and thick) and orientation 
(consistent, inconsistent, flat), bars represent CIs for 2-way interaction = M/+ 2.74 

To test Hypothesis lc, a (2 x 3) AN OVA was conducted for certainty on distracter 

line size (thin, thick) and target and distracter orientation (consistent, inconsistent, flat). 

The results showed that the interaction of orientation and size was not significant, F(2, 22) 

= 0.19, p = .832, r)p2 = .02, and neither were the main effects of orientation, F(2, 22) = 

1.74,/? = .199, np
2 = .14, or size, F(l, 11) = 0.29,p = .604, r|p

2 = .03. To test Hypothesis 
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lc, stating that certainty will be higher in inconsistent conditions with thin- than with 

thick distracters, a simple main effects analysis was conducted. The difference was not 

significant, F(l, 11) = 0.36,p = .561, np
2 = .03. Thus, Hypothesis lc was also refuted. 

Summary of Hypotheses 

Table 8 

Hypothesis number, prediction, test used and result 

H # Prediction Test Used Result 
1 a Performance will be better in inconsistent 

conditions with thin than with thick 
distracters. 

lb Response times will be shorter in 
inconsistent conditions with thin than with 
thick distracters 

1 c Certainty ratings will be higher in 
inconsistent conditions with thin than with 
thick distracters. 

Simple main effects Refuted 
analysis 

Simple main effects Refuted 
analysis 

Simple main effects Refuted 
analysis 

Discussion 

The experimental conditions explored here still made it possible to identify errors 

attributable to state- or process limitations. As the target and distracter lines in this 

Experiment always differed on color, serial processing was not expected to occur at all. 

Hence, parallel processing was assumed throughout. 

Contrary to the predictions of Hypothesis la, stating that performance would be 

better in the inconsistent condition with thin- than with thick distracters, no statistically 

traceable differences were identified. Hypothesis 1 a was therefore refuted. Hypothesis 

lb, stating that response times in inconsistent conditions with thin distracters would be 
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shorter than with thick distracters was also refuted. Responses, however, were faster on 

the flat- than on the consistent- and inconsistent distracter conditions. Hypothesis lc, 

which stated that certainty would be higher in inconsistent conditions with thin- than with 

thick distracters, was refuted as certainty ratings were also undifferentiated throughout. 

These results differed from those found in Experiments 1 and 2 and the implications for 

the model and line graph processing will be taken up in the general discussion. 

Interestingly, performance on consistent- and inconsistent conditions was 

indistinguishable from the flat condition regardless of the size of the distracter. Thus, 

since no apparent interference was observed when targets and distracters varied on color, 

size and orientation, this again points to the separability of these dimension combinations. 

State Limitations and Process Limitations 

Performance across the two flat distracter conditions did not differ, and nor were 

performance differences identified in any of the three orientation conditions. The flat 

conditions represent optimal performance with any errors due to state limitations because 

of constraints on stimulus processing. No additional errors were found in the consistent 

or inconsistent orientation conditions. Thus, there was no evidence for errors that 

occurred because of stimulus characteristics. The results therefore suggest that state 

limitations were solely responsible for errors of interpretation with only red distracters. 

Strategy Adoption 

Performance was unaffected by variations in line size or orientation, thus, 

separability was assumed. Recall that Garner (1974) argues that people can opt for the 

most efficient processing strategy when dimensions are separable. The best possible 
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performance is generally considered a standard against which variations in performance 

can be compared. In this Experiment, the best performance was represented by the flat 

conditions in which state limitations were responsible for errors. Stimulus redefinition 

may have occurred because performance across all orientation conditions was 

indistinguishable from performance on the flat condition. Participants knew that all 

distracter lines would be red. This knowledge may have led them to redefine the 

separable dimensions to reflect one integral dimension whereby attention was directed 

exclusively to the black target lines while successfully ignoring the red distracter line, 

regardless of whether it was thick or thin. The above results therefore demonstrate that 

circumstances under which stimulus redefinition may be adopted for interpreting simple 

line graphs can be tested experimentally. 
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Experiment 4: Orientation and Size 

As in Experiment 3, the purpose of this Experiment was to identify sources of 

graph interpretation errors by exploring the effects of varying distracter line size and 

orientation, whilst holding target and distracter color constant. This time, only black 

distracters were used. 

Hypothesis la predicted that performance would be better in the consistent- than 

in the inconsistent condition with thin distracters. Response times should be shorter 

(Hypothesis lb) and certainty ratings higher (Hypothesis lc) in the consistent- than the 

inconsistent condition with thin distracters. 

The target should be "discriminable" when inconsistently oriented target and 

distracter lines differ in size (Garner, 1974). That is, in inconsistent conditions 

participants should be easily able to select the black target lines when the distracter lines 

are thick. Accordingly, Hypothesis 2a predicted that performance in inconsistent 

orientations should be better with the thick- than with the thin distracters. It was also 

predicted that response times should be shorter (Hypothesis 2b) and certainty ratings 

higher (Hypothesis 2c) in the inconsistent condition with thick than with thin distracters. 

These Hypotheses are shown in Table 9. 

Flat distracter conditions were again employed to test for the separability of 

dimensions and also to observe instances in which errors could be attributed to state- or 

process limitations. 
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Table 9 

Hypothesis number, predictions and test used 

H # Prediction Test Used 
la Performance will be better in the consistent-

than in the inconsistent condition with thin 
distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent 
condition with thin distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent 
condition with thin distracters. 

2a Performance will be better in the 
inconsistent condition with thick distracters 
than with thin distracters. 

2b Response times will be shorter in the 
inconsistent condition with thick distracters 
than with thin distracters. 

2c Certainty will be higher in the inconsistent 
condition with thick distracters than with 
thin distracters. 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Simple main effects analysis 

Method 

Everything in this experiment was exactly the same as it was in Experiment 3, 

with the exception that black distracters were used instead of the red ones. 

Participants 

A sample of 12 new participants, comprising 5 women and 7 men (mean age 

22.83 years, range of 17 to 49 years), were recruited from Carleton University and 

through personal contacts. They responded to advertisements posted around campus and 

were each paid $10.00 for their participation. All were students of Carleton University. 
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All were pre-screened for colorblindness and tested for visual acuity using a mini eye 

chart. 

Results 

The results are divided into four sections: data exploration, performance, response 

times and certainty. All descriptive statistics, details of assumption and outlier tests, and 

error data are included in Appendix F. 

Data Exploration 

An analysis was undertaken on performance data to identify threats to the 

assumptions of ANOVA. Tests of normality showed that normality was violated in one 

condition, however no cases were identified as outlying thus the data were not adjusted. 

Sphericity was not violated. 

An analysis was done for response times. Tests of normality showed that the 

distributions for average response times did not deviate from normal and thus the data 

were not adjusted. Sphericity was not violated. 

An analysis was undertaken for certainty and tests of normality showed that 

normality was violated in one condition. Only one case was identified as outlying and 

because this case had consistently low ratings, the data were not adjusted. Sphericity was 

violated for size by orientation, W= .35, x2 (2) = 10.57,p = .005. A Huynh-Feldt Epsilon 

correction was applied, if the correction resulted in different degrees of freedom than 

when Sphericity was assumed. 
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Performance 

The mean percent correct for line orientation and size conditions are shown in 

Figure 18. There appears to be very little difference in performance for thin and thick 

conditions. Differences do appear to exist between the three orientation conditions; 

performance appears higher in the flat than in both the consistent and inconsistent 

conditions. 

Figure 18. Mean percent correct responses for distracter line size (thin and thick) and 
orientation (consistent, inconsistent, flat), bars represent C/s for 2-way interaction = M(± 
7.11 

To test Hypotheses la and 2a, a (2 x 3) ANOVA was conducted for performance 

on distracter line size (thin, thick) and target and distracter orientation (consistent, 

inconsistent, flat). The interaction of size and orientation was not significant, F(2, 22) = 

0.25, p = .784, rip2 = .02, and neither was the main effect of size, F(\, 11) = 0.90, p = .362, 

rip2 = .08. There was however a main effect of orientation, F(2, 22) = 3.96, p = .034, TIP
2 

= .26. Pairwise LSD comparisons showed that performance was better with flat- than 

with inconsistently oriented distracters (p = .006). The difference between consistent-
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and inconsistent distracter orientations was marginally significant (p = .08) but there was 

no significant difference between consistent- and flat orientations (p = .409). To test 

Hypothesis 1 a, which stated that performance would be better in the consistent- than the 

inconsistent condition with thin distracters, a simple main effects analysis was conducted, 

No differences were identified F(\, 11) = 3.13,/? = .105, r\p
2 = .22. Hypothesis 2a stated 

that performance would be better in the inconsistent condition with thick distracters than 

with thin distracters. A simple main effects analysis showed that the conditions did not 

differ, F(l , 11)= 1.07,/? = .323, r|p
2 = .09, thus Hypothesis 2a was refuted. Regardless 

of line thickness, inconsistent orientations resulted in the lowest performance, thereby 

refuting Hypothesis 2a, but showing partial support for Hypothesis 1 a. Finally, a simple 

main effects analysis showed that flat conditions did not differ, F(l, 11) = 0.10,/? = .755, 

Tip2 = .01. 

Response Times 

Response time data for line orientation and line size are shown in Figure 19. 

Mean response times appear quite consistent with the consistent condition taking slightly 

less time than the inconsistent and the flat conditions. 
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Figure 19. Mean response time (ms) for distracter line size (thin and thick) and 
orientation (consistent, inconsistent, flat), bars represent C/s for 2-way interaction = M, + 
416.90 

To test Hypotheses lb and 2b, a (2 x 3) ANOVA was conducted for response 

times on distracter line size (thin, thick) and target and distracter orientation (consistent, 

inconsistent, flat). The interaction was not significant, F(2, 22) = 0.90,/? = .422, r|p2 

= .08, and neither was the main effect of size, F{\, 11)= 1.04, p = .330, r|p2 = .09, or 

orientation, F(2, 22) = 1.04, p = .369, r|p2 = .09. Hypothesis lb stated that response times 

would be shorter in the consistent- than the inconsistent condition with thin distracters. 

The difference was not significant, F{\, 11) = 0.00, p = .996, r|p2 = .000, thus, it was not 

supported. Hypothesis 2b, which stated that response times would be shorter in the 

inconsistent condition with thick distracters than with thin distracters, was not supported 

either, F{\, 11) = 0.65,p = .436, r|p
2 = .06. 
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Certainty 

The mean certainty data for line orientation and line size are shown in Figure 20. 

Certainty ratings appear quite consistent across conditions. 

Figure 20. Mean certainty rating for distracter line size (thin and thick) and orientation 
(consistent, inconsistent, flat), bars represent C/s for 2-way interaction = M,+ 3.33 

To test Hypotheses lc and 2c, a (2 x 3) ANOVA was conducted for rated 

certainty on distracter line size (thin or thick) and target and distracter orientation 

(consistent, inconsistent or flat). The interaction between size and orientation was not 

significant, F(2, 22) = 2.27, p = ATI, r|p2 = .17, and neither was the main effect of size, 

F(l, 11) = 1.75,p = .213, rip2 = .14, or orientation, F(2, 22) = 1.77,p = .194, r|p
2 = .14. 

Hypothesis 1 c stated that certainty would be higher in the consistent- than the 

inconsistent condition with thin distracters. Tests of simple main effects showed that the 

difference was not significant, F(l, 11) = 2.37, p = .152, np
2 = .18. It was therefore 

refuted. Hypothesis 2c stated that rated certainty would be higher in the inconsistent 

condition with thick distracters than with thin distracters. A test of simple main effects 
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showed that certainty ratings did not differ significantly either, F(l, 11) = 3.33, p = .095, 

r|p2 = .23. Thus, Hypothesis 2c was not supported. 

Summary of Hypotheses 

Table 10 

Hypothesis number, prediction, test used and result 

H # Prediction Test Used Result 
1 a Performance will be better in the consistent-

than in the inconsistent condition with thin 
distracters. 

lb Response times will be shorter in the 
consistent- than in the inconsistent 
condition with thin distracters. 

1 c Certainty ratings will be higher in the 
consistent- than in the inconsistent 
condition with thin distracters. 

2a Performance will be better in the 
inconsistent condition with thick distracters 
than with thin distracters. 

2b Response times will be shorter in the 
inconsistent condition with thick distracters 
than with thin distracters. 

2c Certainty will be higher in the inconsistent 
condition with thick distracters than with 
thin distracters. 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Simple main effects 
analysis 

Partially 
Supported 

Refuted 

Refuted 

Refuted 

Refuted 

Refuted 

Discussion 

This section begins by outlining instances of serial and parallel processing 

strategies and how errors of interpretation can be understood. Errors due to state and 

process limitations are then discussed. Finally, evidence for the adoption of processing 

strategies is outlined. 
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Serial and Parallel Processing 

Hypothesis la stated that performance would be better in the consistent- than in 

the inconsistent condition with thin distracters. The finding that performance was 

marginally better in the predicted direction offers some support for Hypothesis la. The 

consistent condition resulted in better performance than the inconsistent condition but no 

differences were identified between the thin and thick conditions. This suggests that both 

distracter line sizes were processed serially. Thus, contrary to the predictions of 

Hypothesis lb, response times were not shorter in the consistent- than in the inconsistent 

condition with thin distracters. Hypothesis lc stated that certainty would be higher in the 

consistent- than in the inconsistent condition with thin distracters. It was also refuted. 

The poor performance in the inconsistent condition compared to the consistent condition 

suggests that the lines could not readily be distinguished from one another and processed 

together. Serial processing was thus most likely adopted. 

Hypothesis 2a predicted that performance in the inconsistent condition would be 

better with thick- than with thin distracters. No such differences were found, thus 

refuting Hypothesis 2a. Response times were predicted to be shorter in the inconsistent 

condition with thick distracters than with thin distracters, according to Hypothesis 2b. It 

was also refuted. The same was true for the certainty ratings, which, according to 

Hypothesis 2c, predicted that certainty would be higher in the inconsistent condition with 

thick distracters than with thin distracters. Apparently, participants paid attention to each 

inconsistently oriented line, regardless of whether line size made distracters more 

discriminable. Evidently, targets were not more 'discriminable' in the thick- than in the 

thin inconsistent conditions. Thus, there was no evidence for parallel processing with 
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thick inconsistent distracters, suggesting instead that a serial processing strategy was 

adopted. Serial processing appears to have occurred for both thin- and thick inconsistent 

distracter lines, which contradicts the claim that performance should be better with thick-

than with thin distracter lines. It therefore appears that participants were unable to utilize 

a more efficient processing strategy than serial processing in the inconsistent condition 

regardless of distracter line size variations. By contrast, performance in the flat- and the 

consistent conditions was significantly better than in the inconsistent condition regardless 

of distracter line size variations. There were no differences between the flat and the 

consistent conditions, which also indicates parallel processing. 

State Limitations and Process Limitations 

Performance in the two flat distracter conditions did not differ and were not 

surpassed by performance in any other condition. Collapsing across line thickness, 

performance did not differ between the flat- and the consistent condition. It was also 

better in the flat- than in the inconsistent condition. Performance was marginally better 

in the consistent condition than in the inconsistent condition. These results suggest that 

the flat- and consistent conditions represented state limitations only. By contrast, errors in 

the inconsistent condition can be attributed to state- as well as process limitations. 

Strategy Adoption 

Target and distracters did not consistently vary in size or in color. The stimulus 

redefinition strategy was therefore not expected to be an option for more efficient 

processing. Performance with thin and thick distracters was indistinguishable in 

inconsistent conditions. Thick distracters should have resulted in better performance than 
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thin distracters if a selective serial processing strategy had been adopted. Thus, no 

optimizing strategy appears to have been adopted for enhanced performance in the 

inconsistent condition. These results also run contrary to those found in Experiments 1 

and 2 and the implications for the model and graph processing will be taken up in the 

General Discussion. 

The above results show that performance did not differ systematically within the 

flat orientation conditions despite differences in distracter line size. This suggests that 

variations in distracter line size did not create interference when target orientation varied. 

The results therefore indicate that line size and line orientation are separable dimensions. 

This is consistent with findings of Experiments 1, 2 and 3. 
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General Discussion 

This chapter summarizes the main findings of the four formal experiments in this 

thesis and presents the contributions these findings make to better understanding 

perceived line graph complexity. This is followed by an outline of the limitations of the 

above experiments. The final section describes future research. 

Summary of the Main Findings and Contributions 

The goal of this thesis was to improve our understanding of the sources of 

perceptual errors in graph interpretation. Perceptual processes were explored by limiting 

stimulus exposure time and varying certain aspects of distracter lines in simple line 

graphs. 

Accuracy of Perceptual Processing 

Throughout all four experiments, performance was well above chance levels in all 

target- and distracter line orientations. Limiting stimulus exposure time to 50 ms reduced 

the opportunity for iterative information processing and prevented participants from 

relying on top-down processes, suggesting instead that accurate interpretation relied 

mainly on bottom-up processing. Carpenter and Shah (1998) demonstrated that graph 

comprehension is an iterative process that entails inspecting the pattern on the graph and 

the axes until the meaning of the graph has been fully comprehended. The present 

findings showed clearly that interpretation occurs even with very limited opportunities 

for iterating the graph information processing activity. This observation that line graphs 

can be interpreted very quickly suggests that automatic processing occurs in some form, 

which is consistent with Pinker's (1990) notion of a 'default encoding mechanism'. Thus, 
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this manipulation of the stimulus exposure time facilitated a better understanding of 

perceptual processing of line graph information. That has not been shown before. It 

allowed an exploration of the separability of line orientation, color and size, which 

enabled clarification of the reasons processing errors occurred. The approach also 

revealed some strategies that participants probably employed to overcome processing 

errors. 

Separability of Dimensions 

The main objective of the above experiments was to identify ways in which errors 

of interpretation can be explained by perceptual processing mechanisms. Two sources of 

evidence emerged to suggest that the combinations of distracter line size, orientation, and 

color are separable dimensions. One came from comparisons of the flat distracter line 

conditions in each of the four Experiments. These comparisons revealed no statistically 

traceable performance differences whatsoever: variations in distracter line combinations 

of color or size did not interfere with interpretation in the presence of a horizontal 

distracter line. This result provides some evidence that the combinations of the three 

dimensions tested here are indeed separable in the context of the kinds of simple line 

graphs employed throughout this thesis. The second source of evidence came from 

performance differences that could be attributed to participants adopting different task-

completion strategies, namely configurability of dimensions, selective serial processing 

and stimulus redefinition. These can only be adopted if dimensions are separable. The 

specific findings are discussed in a later section. Suffice it to say here that both sources 

of evidence suggest that combinations of distracter line orientation, color, and size, are 

separable in the context of simple line graphs with only two lines. 
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The literature exploring dimension separability with graphs has focused on graph 

types where the height of bars, the size of a graph, or the area and the angle are the 

defining stimulus characteristics of the variables in the graph (e.g., Hollands, 2003). For 

example, as was discussed earlier (p. 31), length, area and size judgments can be 

measured with stacked bar graphs for which angle judgments are not possible, just like 

length judgments are not possible for pie charts. Hollands' (2003) experiments, 

employing these two types of graphs, lead to two important findings. First, Hollands' 

results showed that the same manipulations performed on different graph types can lead 

to differences in performance. Second, they showed that at least some dimensions are 

separable for some, but not for all, graph types, providing evidence for the asymmetric 

integrality of the dimensions. Hollands attributed these performance differences to the 

type of dimensions being judged. He found that bars were judged by length and area but 

pies were judged by area and angle. Area and angle were shown to be separable 

dimensions. 

The above thesis findings demonstrate that it is possible to apply Garner's theory 

of dimension separability to interpreting trends in line graphs as well as to classifying 

graphical images by sizes, lengths, areas and angles. This is new knowledge. Thus, even 

graph types that do not lend themselves easily to judgments of areas and angles can also 

demonstrate dimension separability. 

Line Graph Interpretation Model 

Separable dimensions can lead to specific performance outcomes that can be 

understood in terms of serial and parallel processing mechanisms. The relevant section of 

the model presented earlier (p. 51) and the associated premises are shown in Figure 21. 



Do Separable Dimensions Matter? 123 

Dimensions Performance Processing Premise 
Hypothesis Strategy 

Figure 21. Performance comparisons in thin black distracter conditions and processing 
strategies reflected by premises 1 and 2 

As the Figure shows, when two lines are both thin, black, and inconsistently 

oriented, it should be difficult and hence take longer than 50 ms to identify the slope 

direction and magnitude of the target line than when both lines are oriented consistently. 

Here the only distinction between the two lines is the target line has direction changes 

and the distracter line is straight. When inconsistently oriented, the two lines would have 

to be attended to one at a time to complete the task correctly. Poor performance 

compared to the consistent orientation would be evidence that 50 ms exposure times were 

insufficient to allow iterative processing. In accordance with Premise 1 presented earlier 

(p. 52), this poorer performance would allow one to infer that serial processing would 

most likely be responsible for inaccurate performance. Performance should be better with 

consistently oriented lines because they would configure and be processed 

simultaneously with 50 ms exposure times rendering iterative processing unnecessary for 

accurate interpretation to occur. According to Premise 2, parallel processing due to 

configural superiority effects is represented by consistent thin black orientations. If 

performance is undifferentiated between the inconsistent and consistent orientations, then 
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parallel processing would be assumed for both orientation conditions and there would be 

no evidence that a different processing mechanism, namely serial processing, was 

adopted. The performance difference between the consistent and inconsistent conditions 

was significant in the predicted direction in Experiment 2 and marginally significant in 

Experiment 1. These results therefore support Premises 1 and 2, thereby providing some 

evidence that the two processing mechanisms can be experimentally distinguished from 

one another. It will be recalled that Experiment 1 contained both red and black as well as 

thick and thin distracters. In Experiment 2, all distracters were thin, varying only in color. 

It is therefore safe to conclude that evidence of serial processing occurred in inconsistent 

conditions with thin black distracters. Parallel processing was inferred from performance 

in the conditions with thin black and consistently oriented distracters. In Experiment 4, 

where all distracters were black, varying in size only, performance differences were not 

observed between thin and thick distracters regardless of orientation condition. However, 

despite the lack of variation in distracter size, consistent orientations resulted in better 

performance than inconsistent orientations, also showing support for the distinction 

between serial and parallel processing. One possible reason for this result is that 

participants did not notice the variation in distracter line size. 

The next segment in the model, shown in Figure 22, displays the implications for 

performance in inconsistent conditions when both targets and distracters differ in color 

and/or size as well as when they do not differ on these dimensions. If performance with 

thin black distracters is statistically indistinguishable from performance with thin or thick 

red or thick black distracters in inconsistent conditions, this would provide evidence that 

the same processing strategy was likely used in all conditions, in this case, serial 
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processing. If performance on the thin red, thick red or thick black inconsistent 

conditions is statistically distinguishable from the thin black inconsistent condition, then 

this would indicate that a different kind of processing occurred. This is the assumption 

underlying Premise 3. Thus, if performance in the thin red, thick red or thick black 

inconsistent conditions is better than in the thin black condition, this would indicate 

parallel processing. This is shown in Figure 22. 
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Figure 22. Performance comparisons in inconsistent conditions and processing strategies 
reflected by premises 1 and 3 

It will be recalled that the flat distracter conditions was the benchmark for the best 

possible performance, under these limited exposure time conditions, and that any errors 

occurring in the presence of a flat distracter line could be attributed to state limitations. 

This is because performance on any condition did not surpass the flat condition, thus it 

was taken to represent the best possible performance with limited exposure times. Any 

additional errors occurring in the other conditions could then be attributed to information 

processing limitations, due to the perceptual complexity of the graphs. Thus, by limiting 

the stimulus exposure time, it was possible to explore variations in perceptual complexity 

and distinguish state- from process limitations. This exploration allowed us to identify 

which manipulations were responsible for rendering even a simple line graph 
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perceptually complex. If no statistically reliable difference in performance were to be 

found between all conditions including the flat, this would represent the best possible 

outcome, and one would have been able to infer that a stimulus redefinition strategy 

would have been applied. This is the assumption underlying Premise 4. However, if 

performance improved in inconsistent conditions compared to those in which serial 

processing was expected, and other conditions were found to differ from the flat as well, 

then performance would not be the best it could have been in all cases. In that case, one 

would infer that a selective serial processing strategy had been applied. As shown in 

Figure 23, this is the assumption underlying Premise 5. Thus, Premises 4 and 5 represent 

inferences regarding the strategies adopted when parallel processing was observed in 

inconsistent conditions. 
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Figure 23. Performance comparisons to flat distracter conditions and processing 
strategies reflected in premises 4 and 5 
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The results from these formal experiments offered support for the five premises in 

explaining the relations between the performance hypotheses and the processing 

strategies adopted. 

Perceptibility of Color. In Experiment 1, the distracter lines could be thin or thick, 

red or black. In addition to performance being better in the thin red than in the thin black 

inconsistent condition, it was also statistically indistinguishable from performance in the 

flat red condition. This indicates that processing was the best it could have been. 

Performance in the thick red inconsistent condition was also marginally better than 

performance in the thin black inconsistent condition, but was not as good as in the thick 

red flat condition. This indicates that performance on inconsistent conditions was 

enhanced most when targets and distracters differed only in color. 

In Experiment 2, the distracters were all thin but could be either black or red. 

Performance was again better in the thin red than in the thin black inconsistent distracter 

condition, and it was also statistically indistinguishable from the thin red flat condition. 

These findings suggest that parallel processing can adequately account for accurate 

performance when distracter color differs from that of the target. Evidently, a distracter 

line that differs in color from the target line increased the discriminability of the two lines, 

enabling participants to selectively attend to the target, as was the case with red distracter 

lines. An increase in the discriminability of the lines was also observed with thick red 

inconsistently oriented distracters, compared to the thin black inconsistently oriented 

distracters, as in Experiment 1, although performance was poorer than the flat condition. 

However, the target was not always as readily discriminable, since performance differed 

between the flat and the other conditions in some instances in Experiments 1 and 2. These 
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findings indicate that selective serial processing occurred in inconsistent conditions when 

the distracters color was unpredictable. The observation that performance was better than 

expected with thin black distracters, but not always as good as the best possible 

performance, supports this interpretation. Feature Integration Theory of Attention 

(Treisman & Gelade, 1980) holds that the dimensions such as color, size and orientation 

would have to be processed serially for the target to be accurately identified if targets and 

distracters vary throughout a stimulus set. This is because they are not sufficiently 

distinguishable to be attended to simultaneously. If the distracters do stand out, then the 

parallel process could explain efficient performance. The results of the above 

comparisons from Experiments 1 and 2 supports the interpretation offered by Feature 

Integration Theory as well. 

In Experiment 3 in which all distracter lines were red but could be either thin or 

thick, no differences could be attributed to the size variations. Performance across all 

conditions was undifferentiated from the flat conditions, indicating that it was the best it 

could be under these limited exposure time conditions. This finding lends support to 

Berlin's (1983) claims that color and orientation are selective and should therefore be 

highly perceptible. Furthermore, a stimulus redefinition strategy (Garner, 1974) can 

explain the reason for the parallel processing in Experiment 3. Apparently, participants 

were able to focus exclusively on the target and ignore the distracters when the color of 

both targets and distracters were predictable. Guided Search Theory (Wolfe, Cave & 

Franzel, 1989) holds that the parallel process guides the serial process and thus, attention 

can be weighted more heavily on the characteristics of the target than on the 

characteristics of the distracters when they differ consistently and are predictable. In the 
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present thesis, the undifferentiated performance between all conditions in Experiment 3 

suggests that attention was guided to the dimensions relevant to the target, in that case, 

the color black. The data from Experiment 3 support this interpretation and also suggests 

that line graph processing can be explored using Guided Search Theory, which has not 

yet been applied in a line graph context. In the trend identification task employed in 

these thesis experiments the manipulation of distracter line color made the targets easier 

to identify, thereby enhancing performance. 

Perceptibility of Size. In Experiment 1, it was found that thick black inconsistent 

distracter conditions resulted in better performance than thin black inconsistent distracter 

conditions. This finding provides evidence of parallel processing because distracter size 

improved processing above what would be expected if processing was serial. It supports 

Berlin's claim regarding the high perceptibility of size and is also evidence of a selective 

serial processing strategy. However, in Experiment 3, as noted above, line size variations 

had no effect on efficient processing when all distracters were red. The same was also 

true in Experiment 4 when all distracters were black. Variations in size variations had no 

effect on performance. It was apparently difficult to detect the differences in inconsistent 

conditions when all distracters were black. The results from Experiment 4 contradicted 

the prediction that performance in the thick black inconsistent conditions should be better 

than in the thin black inconsistent conditions. The results from Experiment 3 

contradicted the prediction that thin red inconsistent conditions would be better than thick 

red inconsistent conditions. Consequently, these findings suggest two things regarding 

the effects of manipulating distracter size in stimulus sets that hold distracter color 

constant. First, if the distracters are a consistently different color from the targets, line 
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size will not affect performance because color will guide processing. Second, if the 

distracters are consistently the same color as the target, line size manipulations are not 

salient enough to guide processing. The results of Experiment 4 suggest that it was not 

possible to adopt a performance-enhancing strategy beyond that of serial processing, 

when all distracters were black. Thus, when target and distracter color was held constant 

throughout an experiment, line size manipulations had no effect on performance as 

evidenced in Experiments 3 and 4. Line size manipulations did, however, have an effect 

in inconsistent conditions when the stimulus set also contained distracters that varied on 

color from targets, as in Experiment 1. 

Taking a common sense approach, one could reason that the adoption of different 

strategies is dependent entirely upon participants noticing the experimental manipulations. 

The results from Experiment 1 suggest that when manipulating color and size within a 

stimulus set, color as well as size differences are noticed. However, when color is held 

constant, as in Experiments 3 and 4, size differences are not as noticeable; they do not 

enhance or degrade performance in inconsistent conditions. This could be because 

participants may become aware that other less noticeable things, like line size, may also 

differ when color does as well, but when color does not vary, they may forget to pay 

attention to the less noticeable manipulations. It would therefore appear that differences 

in target and distracter color are more important than size for enhancing the visual 

discriminability of lines in a line graph. 

Carpenter & Shah (1998) developed a model to describe the processes involved in 

line graph interpretation. They showed that adding lines to a graph did not affect task 

performance if the additional lines were consistently oriented with the existing lines. 
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Performance, however, was adversely affected when the additional lines were 

inconsistently oriented with the existing lines. They did not test the effects of varying 

line color or line size on the interpretation tasks. The above thesis findings suggest that 

processing efficiency can be improved if inconsistent target and distracter lines differ in 

color. In some cases, processing efficiency also increases when the two lines differ in 

size. 

In summary, these thesis results suggest that a selective serial processing strategy 

can be adopted when the color of the distracter lines could be either black or red, 

rendering distracter color unpredictable. Similarly, the results demonstrate that a 

stimulus redefinition strategy can be adopted when the color of targets and distracters 

consistently differ from each other, making it possible to focus attention exclusively on 

the target characteristics. However, when the color of the targets and distracters do not 

differ from each other, no performance enhancing strategy will likely be adopted, even if 

line size differs as thick black distracters did not enhance performance compared to the 

thin black distracters in inconsistent conditions. These interpretations provide a 

parsimonious account of the circumstances under which possible performance enhancing 

strategies can be adopted in the context of line graph interpretation tasks. This is new to 

the literature. 

The objective of this research was to improve our understanding of how 

information is processed in simple line graphs to explain differences in accuracy on trend 

identification judgments. This research complements the work of Simkin and Hastie 

(1987), whose research objective was to explain the processes responsible for accurate 

proportion judgments in stacked bar graphs and pie charts. They showed stacked bar 
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graphs or pie charts for 500 ms or for an unlimited time and asked participants to judge 

proportions and estimate magnitudes. By measuring errors and response times, they 

found that processes such as scanning and anchoring were responsible for accurate 

proportion judgments. Although these processes can help to explain proportion 

judgments about stacked bar graphs, the processes they describe cannot be applied in a 

line graph context. This is because the task of judging a proportion is very different from 

that required in a trend identification task. In the present thesis, these experiments 

showed that the processing strategies involved in line graph interpretation can be better 

understood by limiting the stimulus exposure times enabling the allocation of errors to 

serial and parallel processing mechanisms. It has not been possible before to predict 

performance outcomes on trend identification tasks using simple line graphs. This thesis 

makes these kinds of predictions possible - which is a contribution to the literature. 

Limitations 

There are a few limitations that should be noted regarding these thesis 

experiments. First, the above series of experiments employed small samples, which 

raises two sample-related issues. Most participants were recruited from Carleton 

University, which represents a homogeneous population and all were paid for their 

participation. Payment may have been a motivator attracting a particular subgroup of the 

population. Thus, these experimental results may not be generalizable beyond a 

Canadian University population receiving payment for participation. Second, outlying 

scores, response time data and certainty ratings did pose some threats to the assumptions 

underlying the ANOVA statistic. Although small adjustments to a specific datum 

eliminated the threats to assumption violations, dealing with outliers always poses a 
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challenge. Here, this challenge was addressed by moving outlying scores to one 

standard deviation higher or lower than the group mean, depending on its place in the 

distribution. Although this modification seemed reasonable, the results do reflect those 

data analysis decisions. Hence, different results could have been obtained if the original 

data have been retained. 

The issue of serial and parallel processing of line graph stimuli warrants further 

investigation. Although the results of this unique paradigm suggest evidence of each 

process, the results are far from conclusive. There are many more complex parallel 

processing paradigms which could have been employed to interpret these thesis results. 

However, to maintain consistency between the terminology used by Garner (1974) and 

Treisman and Gelade (1980), the terms serial and parallel processing were used 

throughout this thesis. 

Finally, these thesis results may not be generalizable beyond the simple line graph 

reading task employed here or beyond simple line graph reading tasks completed during 

very brief exposure times. Similarly, it is unclear if these results could be generalized to 

experiments employing a similar research paradigm and to card sorting- or search task 

paradigms. 

Future Research 

Findings in this thesis suggested that at least some graphical information can be 

interpreted very quickly. However, it would also be of interest to investigate how quickly 

it can be interpreted because this would help to establish the limits of line graph 

perceptual processing. This could be done by using three or four different exposure times 

and shorten these even below the 50 ms used here. As there were a few problems 
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identified with terminology describing the slope of the lines (See Appendix B, 

Preliminary Study 2), it would be worthwhile to investigate how participants define small 

and sharp slopes. 

The issue of how well people can complete graph interpretation tasks on 

interfaces of varying sizes is a very timely and interesting question that was not addressed 

by the present thesis. It would be interesting to conduct the same experiments using 

different graph display sizes that would fit onto a small mobile device. It is difficult to 

read the information on a graph when presented on a small device. This series of studies 

can help to determine the amount of information required for simple interpretation to 

occur without requiring graph readers to enlarge the image. One could also include 

samples of people with varying graph reading experience to determine the effect of graph 

reading experience on graph perception and interpretation. 

The experimental paradigm employed in the present series of studies used 

controlled exposure times but it is possible that similar results would materialize if other 

paradigms were used. One possibility would be to employ a card-sorting paradigm 

asking participants to sort graphs as quickly as possible, based on the magnitude or the 

direction of the slopes. This would be comparable to Hollands' (2003) studies and could 

answer questions aimed at assessing asymmetric integrality of the visual dimension of 

graph size on the cognitive dimension of trend judgment in line graphs, varying the 

perceptual dimensions of line size, color and orientation. Asymmetric integrality could 

not be assessed here. Employing this paradigm would also make the results more 

comparable to Garner's card sorting paradigm, which would allow a more conventional 

exploration of dimension separability of line size, color and orientation in a line graph 
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context. Another possibility is a forced choice paradigm, for example, which could 

address the question of which target distracter combinations are easiest to identify. This 

could be done by testing two graphs at a time, asking participants to choose a graph with 

a particular slope, or with particular values. These two possible paradigms could be 

employed in a two-part repeated-measures study. These next steps could help to increase 

our understanding of graph perceptual complexity by comparing the results obtained 

across different experimental paradigms. It would also be interesting to test the effects 

of differing target and distracter line colors or differing line textures on graph 

interpretation. This would address the question of which line colors or characteristics 

enhance discriminability most in a line graph context. As an additional manipulation, 

one could also add more distracter lines to better understand the effect of varying line 

colors on more complex graphs. This would be comparable to the search task paradigm 

and could provide further evidence of serial and parallel processing mechanisms if 

response time curves were generated. 
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Conclusion 

The main objective of this thesis was to understand why errors of graph 

interpretation occur and how they can be avoided. The above experiments allow six 

conclusions to be drawn with respect to the stated objective. First, and perhaps most 

importantly, these experiments established conditions under which serial and parallel 

processing could possibly be identified. This led to the finding that color is more 

perceptible than size in a line graph context. Second, the limited exposure time paradigm 

was effective for understanding line graph perceptual processing better. The above 

experiments showed that information was processed rather accurately and very quickly. 

Third, the results show some support for the notion that orientation, color and size are 

separable dimensions in a line graph context, suggesting that Garner's theory can be 

applied in a novel way to understand graph perceptual complexity. Fourth, it was 

possible to vary perceptual complexity even when the pattern and the amount of data 

were held constant across the graph stimuli. Fifth, the simple line graphs allowed us to 

establish the source of errors observed and partition errors due to state- and process 

limitations, which appeared to depend on the variations in the experimental stimuli. 

Finally, it appears that graph perceptual complexity affects errors of interpretation, 

making it possible to answer the research question posed at the beginning of this thesis, 

namely that separable dimensions do matter! 
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Appendix A 

Preliminary Study 1 

If initial processing occurs from the bottom up and symbols are detected, 

organized and configured automatically, people should be able to respond accurately to 

some types of questions about graphs presented very briefly. By showing graph stimuli 

very briefly and administering tasks that require attention to detail as well as to global 

aspects, it should be possible to demonstrate that complex tasks require more top-down 

processing than simple ones. Generally, researchers agree that there are three types of 

graph reading tasks, which vary in difficulty due to the level of attention to detail 

required for each (p. 22). 

Previous research has found that line graphs are best suited for trend identification 

tasks and bar graphs are best suited for tasks that require comparison or value 

identification (Pinker, 1990; Zacks & Tversky, 1999). Both types were therefore 

employed in this experiment. The preliminary study tested initial processing to 

determine if a 50 ms exposure time would suffice for participants to interpret the graphs 

correctly. For tasks that require people to identify values, performance has been found to 

be better on graphs with grid lines than on graphs without grid lines (Culbertson & 

Powers, 1959; Lohse, 1993). All graphs in this thesis had grid lines and that issue was 

not explored further. There is also some agreement that variable labels are more easily 

interpreted than legends or keys (Carpenter & Shah, 1998; Culbertson & Powers, 1959; 

Lohse, 1993). Thus, all graphs in this thesis had labels instead of legends. Gattis and 

Holyoak (1996) found that axis labeling improved performance. In this thesis, all axes 

were labeled and that issue was not explored further. Three task types were presented in 
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this preliminary experiment: trend identification-, comparison-, and read-off tasks. All 

involved extracting information and interpreting the meaning of the graph. 

To isolate the perceptual stages, with the objective of focusing this investigation 

on bottom-up perceptual processing, participants' ability to invoke top-down processing 

was limited in the following five ways: 1) participants were aware of the graphs they 

were to interpret, limiting the reliance on graph schema to interpret the conceptual 

message; 2) the nature of the tasks was known and explained in advance to limit the 

number of possible conceptual questions; 3) exposure times were limited to eliminate the 

iterative graph interpretation cycle; 4) only bar- and line graphs were used to ensure 

familiarity with the graph types; and 5) bar graphs were employed to signal read-off- and 

comparison messages and line graphs were employed to signal trend identification 

messages. Control of these extraneous variables ensured that performance errors were 

due to faulty perception and not to cognitive graph interpretation issues. 

The prediction task involved line graphs only. This brief exposure time task has 

not been tested with line graphs before. Therefore, if initial processing is bottom-up 

(Kosslyn, 1989; Pinker, 1990; Winn, 1994), participants should select the correct option 

more often than if a top-down process is necessary. 

The comparison task required comparisons between two variables presented in a 

bar graph. Again, if the graph is initially processed in a bottom-up fashion, the bars 

should separate from the background (Pinker, 1990), leaving only the two target bars to 

be considered for the comparison judgment. If the bars do not separate from the 

background, the task should not be completed successfully, suggesting that more top-

down processing was required. Furthermore, if the items to be compared are the same 
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color, they should be perceived together (Bertin, 1983; Carswell & Wickens, 1987; 

Wickens & Carswell, 1995) thus enhancing performance. Finally, the read-off task 

required identification of values associated with the variables, also in a bar graph. For 

this type of task, bar graphs should signal length and value relations, according to Pinker 

(1990). If the relation of interest, namely 'value', is signaled, performance should be 

better than chance. If performance is less accurate than predicted by chance at limited 

exposure times, then it is more likely that value identification tasks requires more top-

down processing. A value identification task with graphs presented very briefly has not 

been tested before. 

Method 

Participants 

Eleven participants were recruited from the general population, but the first two 

assisted in clarifying instructions and the procedure, so their data were excluded. Nine 

participants took part (5 women and 4 men, mean age of 32.6 years, range of 19 to 46 

years). Each was screened to ensure that their eye sight was 20/20 or corrected to 20/20 

and that they had some experience with reading both bar- and line graphs. A simple eye-

chart reading test and a short graph interpretation test were administered. Participants 

were tested in individual sessions lasting approximately 30 minutes and were offered 

$5.00 for their participation. 
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Location 

The experiment took place at the HOTLab of the Social Science Research 

Building , at Carleton University, or at another suitable location with comparable 

conditions. 

Apparatus 

Each participant was tested on a Hewlett Packard laptop workstation with 

Pentium 4 CPU, 512 Mbytes of RAM, with screen resolution set to 1024 by 768 pixels. 

A program created in DirectRT™, was used to present graphs, collect responses, ratings 

and response times. 

Materials 

An informed consent- and a debriefing form were prepared. A mini eye chart to 

test eye-sight, a pre-qualifying questionnaire, and a graph comprehension test were 

administered. Pens were provided. Ten graphs were used for each task, totaling 30 

graphs (10 line - trend identification, 10 bar - comparison and 10 bar - read-off), with a 

total of four response option graphs shown in a multiple-choice paradigm for each. A 

pop-up text box was used to collect certainty ratings which ranged from 0 = 'not certain 

at all' to 100 = 'completely certain'. Instructions were presented on the screen. 

Examples of graph stimuli and response options are presented on pages 149-152. See 

Appendix AA for all other materials. 

Design 

This preliminary study employed a completely within-group design. The stimuli 

were presented for 50 ms each. The three tasks were counterbalanced to avoid order 
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effects. Three participants received them in the order: trend identification (trend), 

comparison (compare), read-off (read); another three received them in the order, compare, 

read, trend; and the final three received them in the order, read, trend, compare. 

For the trend identification task, the 10 line graphs were presented, preceded by 5 

practice graphs. Each graph displayed only one line, with one or two direction changes. 

The line on the graphs was created in MS Excel and was presented in black with a 

standard thickness. The first two pilot participants were asked to "predict what would 

happen next". That instruction was not clear so it was amended to, "describe the trend" 

for other the nine participants. An example of a stimulus graph is presented in Figure 

Ala. 

Figure Ala. Example of a stimulus graph for trend identification task. 

Participants were provided with four option graphs from which to choose the one 

that best described the trend shown in the previous graph, as shown in Figure Alb. 
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3 4 

Figure Alb. Example of option graphs for the trend identification task (correct =1) 

In the comparison task, 10 bar graphs were used. Bar graphs were displayed with 

an 'A' and a 'B' variable, both in black. Participants were asked to choose the option 

graph that best described the relation between them. An example of a stimulus graph is 

presented in Figure A2a. The option graphs are shown in Figure A2b. Two of the 

option graphs showed 'A' greater than 'B ' (2 & 3) and the other two showed 'B' greater 

than 'A' (1 & 4). 
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Figure A2a. Example of a stimulus graph for the comparison task 
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Figure A2b. Example of option graphs for the comparison task (correct =1) 

The read-off task entailed estimating the value of 'A', when the variable 'B ' was 

held constant at a value of 50% on a scale of 0 to 100%). An example of the stimulus 

graph is shown in Figure A3a, and the option graphs are in Figure A3b. 
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Figure A3a. Example of stimulus graph for the read-off task 

Figure A3b. Example of option graphs for the read-off task (correct = 3) 

Procedure 

Participants were escorted into a quiet room, seated at a table and asked to 

complete the informed consent form. If they still wished to take part, they then received 

the pre-qualifying questions, the mini eye-test as well as the graph interpretation test. 
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They were then seated in front of a computer displaying the experimental instructions. 

After they read the instructions, they were given an opportunity to ask questions. Five 

practice graphs preceded the stimulus graphs for each task. 

Participants selected the graph deemed correct by entering the relevant number. 

The option graphs were exposed for an unlimited time. They were then presented with a 

text box and told to enter a value ranging from 0 - 100 to indicate their level of certainty 

that their response was correct. They pressed the space bar to continue to the next graph. 

The 10 line graphs were presented in a different random order for each participant. 

For the comparison task, participants were shown a stimulus graph and asked to 

choose the option graph that most closely represented the relation of 'A' to 'B' . 

Exposure time, sequence of events, and number of option graphs were the same as before. 

For the read-off task, the procedure was the same, however the option graphs only 

displayed the 'A' variable, and participants were asked to choose the graph representing 

the value of 'A' in the stimulus graph. 

Upon completing the experiment, participants were thanked for their willingness 

to take part, paid and debriefed before being excused. 

Data analysis 

The percentage of correct responses was calculated first for each task and for each 

participant. The same was done for certainty scores. To the extent that the percentage 

score for accuracy exceeded the chance level of 25%, it was concluded that the task was 

doable at a 50 ms exposure time. An error analysis was subsequently undertaken for the 

graphs in all tasks to determine the adequacy of the stimuli and the response options. It 

was decided that if more than 50% of the participants erred on any one graph that the 
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stimuli and response options would be scrutinized and modified, if necessary. 

Additionally, the average response time was calculated for each participant across each 

task. 

Results 

The purpose of this study was to determine if participants could accurately 

complete the three types of tasks when graphs were presented at 50 ms exposure times. 

The results are presented first by performance, then by response times and finally by the 

certainty ratings. 

Performance 

The mean percent correct for the nine participants, displayed by task type (trend 

identification, comparison and read-off) are shown in Figure A4. 

Figure A4. Mean percent correct for each task (trend, compare, read-off) 
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The results showed that participants were able to identify the correct trend 55.6% 

of the time, on average (Mdn = 60, SD = 13.3, Range = 30% - 70%). For the comparison 

task, participants chose the correct response 64% of the time, on average (Mdn = 60, SD 

= 10, Range = 60% - 80%). Finally, the number of correct responses in the read-off task 

was 59% on average (Mdn = 60, SD = 19, Range = 30% - 80%). This task was more 

difficult for some participants than for others, judging from the variability in the scores. 

Participants number 2 and number 8 performed just better than chance level, whilst all 

others performed above the 25% level. Most participants were thus able to complete the 

tasks successfully at better than chance level (25%). Therefore, it is reasonable to 

conclude that they could successfully complete the tasks when graphs were presented at 

50 ms. 

Response Times 

The results showed that response times varied by task and that, on average, 

responses took longer on the trend identification task than on the others, as shown in 

Figure A5. Response times on the comparison and read-off tasks were quite short with 

the exception of participant number 4, who took considerably longer on average to 

respond on those two tasks. This could be due to the participant being overly cautious 

about every response and for that reason the data for that participant were retained. 

However, no such pattern was evident for any other participant. 
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Figure A5. Mean response times for each task (trend, compare, read-off) 

Mean response times calculated, for the trend identification task showed that it 

took approximately 7 seconds, on average, for participants to respond (Mdn = 7.8 s, SD = 

2.5, Range = 3.9 s - 11.7 s). Participants took approximately 4.4 seconds, on average, to 

respond in the comparison task (Mdn = 3.9 s, SD = 2.2, Range = 2.5 s - 10 s). It took 

approximately 4.7 seconds, on average, for participants to respond on the read-off task 

(Mdn = 3.67 s, SD = 4.3, Range = 1.7 s - 16.1 s). These results showed that participants 

responded very quickly. However, the range in scores can be accounted for by 

participant 4, who took much longer than others and two participants who responded 

much faster than others. 

Certainty 

The results showed that the mean certainty was quite high across participants for 

each task. These results are shown in Figure A6. 
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Figure A6. Mean certainty rating for each task (trend, compare, read) 

Mean certainty scores of 713% were obtained for the trend identification task 

(Mdn = 72.5, SD = 13.58, Range = 52% - 90%). As the Figure shows, most participants' 

were relatively certain of their responses. Mean certainty for the comparison task was 

88% (Mdn = 90, SD = 8.2, Range = 75% - 99%). Finally, for the read-off task, on 

average, participants were 80% certain of their responses (Mdn = 83, SD = 15.6, Range = 

43% -100%>). Overall, participants were quite certain about their performance indicating 

that they found the tasks easy, even at the 50 ms exposure time. 

Discussion 

The results show that participants could complete the three types of tasks when 

stimulus graphs were presented at 50 ms, as all the mean values showed that the percent 

of correct responses exceeded the chance level of 25%>. The lowest score on any task was 

30%). It occurred twice on the read-off task and once on the trend identification task. 
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The standard deviations show that participants' scores varied similarly suggesting that 

participants were reasonably consistent in their performance. It is worth noting that 

participants' performance was better on the comparison and read-off tasks than it was on 

the trend identification task. 

Modifications to Preliminary Study 

Based on the results of this experiment some 9 methodological changes were 

implemented to the tasks, the design and the stimuli and response options. 

Tasks. First, all bar graphs were amended to include a third variable ('A', 'B' 'C') 

to ensure participants did not habituate to always looking in the same location. Second, 

for both the comparison and read-off tasks, participants were prompted to attend to one of 

the three variables prior to viewing each graph. The amendment to the comparison task 

prompted participants to "Compare 'A' to ' C for example, rather than always comparing 

'A' to 'B' . The read-off task also had only two variables, and participants were 

instructed always to look for the value of 'A'. This task was amended so that participants 

were prompted for the value of 'A', 'B' , or ' C , at random, with each equally represented. 

Design. Third, to ensure that the graph stimuli could not be processed beyond the 

50 ms exposure time, a visual mask presented for 50 ms, with an SOA of 100 ms 

followed each stimulus graph in all subsequent experiments. Fourth, a textual mode was 

added as another response option. Fifth, a 300 ms exposure time condition was added, to 

compare with responses at the 50 ms exposure time. Sixth, two visual tests were added 

as a way to measure individual differences. The Group Embedded Figures Test (Witkin, 

Oltman, Raskin, & Karp, 1971) was employed to measure how well people can separate 

figure from background. The Visual Patterns Test (Delia Salla, Gray, Baddley & Wilson, 
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1997) was administered to measure people's ability to remember patterns. Seventh, the 

instructions were amended for all the tasks to account for the changes noted above. The 

modifications to the tasks and the design are shown in Table Al. 

Table Al 

Modifications to Experiment 1 
Modifications 

Tasks 
Read-off 
Comparison 

Design 
Mask 
Response Options 
Exposure Time 
Tests for Individual 
Differences 

Instructions 

Preliminary 
Experiment 

Value of A 
Compare A to B 

No mask 
Graphical 
50 ms 
None 

For 50 ms only 

Experiment 1 

Value of A, B, or C 
Compare A to B, A to C or B to C 

Mask (50 ms) with SOA of 100 ms 
Graphical or Textual 
50 ms and 300 ms 
Visual Pattern Test 
Group Embedded Figures Test 
For 50 ms and 300 ms + changes 

Stimuli and response options. Eighth, the graphs for the comparison and read-off 

tasks were amended. An error analysis was undertaken for the graphs in the trend 

identification task found that three graphs were problematic as more than 50% of 

participants erred on them. Finally, careful inspection of the graphs revealed that two of 

the response options were quite similar, which appeared to cause interpretation problems 

for the participants. Thus, the stimulus graphs were retained and the relevant response 

option graphs were amended to reduce those problems. 
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Appendix AA 

This appendix contains materials for the preliminary study. It includes: the pre-
qualifying questionnaire, graph comprehension test and that task instructions. 
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Pre-qualifying Questionnaire 
(Same for all studies) 

This information is completely confidential 
(Please, do not put your name on this form!) 

Age: (check one) [ ] 19-30 Q 31-40 Q 41-50 

Sex: (circle one) Male Female 

Do you suffer from colour blindness? Yes No 

Do you typically encounter graphs in your everyday life? Yes No 

If so, for what do you use them? 
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Graph Comprehension Test 
(Same for all studies) 

Please look at the following graph and answer the following questions: 

What is the most stolen car in 2004? 
What make of car has dropped most in popularity with thieves? 
In 2001, what was the most stolen car? 
If you were afraid to have your car stolen, which make would you most avoid today? 



Do Separable Dimensions Matter? 163 

Please look at the following graph and answer the following questions: 

How many more beer are consumed per month than milk? 
What is the most popular beverage consumed per household? 
How much wine is consumed every month per household? 
What is the second most popular beverage? 
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Instructions 
(Presented on screen) 

[Always presented first] 

In the first section, you will be shown a series of graphs for very brief periods of time. 
You will be asked to answer three different kinds of questions regarding the variables, 
called simply 'A' and 'B' . Instructions will be given throughout with more detail as you 
come to each task. 

When you are ready to do the first task, press the space bar. 

[Participant receives one of the six block orders] 

[Instructions presented when they receive the 'predict' block] 

Predict Instructions [amended to trend identification] 

For this task you will see a line graph very briefly. Your job is to predict what the 
variable will do next. You will then be presented with four option graphs. To answer the 
question you will choose which of the four option graphs you think best represents what 
'A' will do, based on the line graph that was just presented to you. You will then be 
asked how certain you are of your choice. You will enter your response on a scale from 0 
to 100. A rating of 0 means you are just guessing and a rating of 100 means you are 
certain that you are correct. When you are done, press the continue button to move on to 
the next line graph. You will do this for each graph until you have worked through all 
the graphs. 

Do you have any questions? 

When you are ready to begin, press the space bar. 

[participant receives 5 practice graphs] 

When you are ready to continue to the test graphs, press the space bar 

[participant receives 10 test graphs] 

You have finished this task. When you are ready to move onto the next task, press the 
space bar. 

[Instructions presented when they receive the 'compare' block] 
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Compare Instructions 

For this task, you will see a bar graph very briefly. You will be presented with four 
option graphs. Your job is to compare two variables, called 'A' and 'B' . To answer the 
questions you will choose which of the four bar graphs best represents the relation 
between 'A' and 'B' that you were previously shown. You will then be asked how certain 
you are of your choice. When you are done, you will press the continue button to move 
on to the next bar graph until you have worked through all the graphs. Do you have any 
questions? 

Do you have any questions? 

When you are ready to begin, press the space bar. 

[participant receives 5 practice graphs] 

When you are ready to continue to the test graphs, press the space bar 

[participant receives 10 test graphs] 

You have finished this task. When you are ready to move onto the next task, press the 

space bar. 

[Instructions presented when they receive the 'read off block] 

Read Off Instructions 

For this task, you will see a bar graph very briefly. You will be asked to estimate the 
value of variable 'A'. The variables are labeled 'A' and 'B' . In this task, variable 'B' 
will always represent a value of 50% but 'A' will vary from graph to graph. In the four 
option graphs, only variable 'A' will be shown. After you make your choice, you will 
then be asked how certain you are of your choice. When you are done, you will press the 
continue button to move on to the next bar graph until you have worked through all the 
graphs. Do you have any questions? 

Do you have any questions? 

When you are ready to begin, press the space bar. 

[participant receives 5 practice graphs] 

When you are ready to continue to the test graphs, press the space bar 
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[participant receives 10 test graphs] 

You have finished this task. When you are ready to move onto the next task, press the 
space bar. 

or 

Thank you for participating in this study! Your willingness to help us is greatly 
appreciated. Please exit the room and let the experimenter know you have finished. 
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Appendix B 

Preliminary Study 2 

This Experiment had three objectives, all are related to task complexity and with 

the aim of isolating perceptual complexity. The first was to test the degree to which 

participants' performance may differ as a function of the type of graph reading task. This 

was done to determine if tasks differ in complexity, and which could be done most 

successfully at very brief exposure times. The second objective was to test the effects of 

different exposure times on graph comprehension. This was done to determine if 

performance would improve with longer exposure times, which could also account for 

differences in task complexity. The third objective was to discern the degree to which 

different response modes may affect performance. This objective was met by 

manipulating response modes to understand if they contributed systematically to task 

complexity. The experimental manipulations were aimed at satisfying the three stated 

objectives by identifying variables that could lead to increased task complexity and hence 

improve understanding of their effects on graph perception. Armed with such 

understanding, the effects of these variables could be controlled in subsequent 

experiments, all of which investigated perceptual complexity. 

As discussed earlier (p. 22), graph comprehension tasks can be divided into three 

types: trend identification tasks, comparison tasks, and read-off tasks. It has been found 

to be easier to extract global level information than to extract precise information, which 

takes more effort and time (e.g., Lohse, 1989; Navon, 1977; Ratwani, et al., 2003). In 

Lohse's studies, participants had unlimited time to answer questions using tables, bar-
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and line graphs. He found that extracting precise information in comparison tasks took 

longer than general trend information, but both took more time than the read-off tasks. 

These results showed that with unlimited inspection time, the read-off task was the 

easiest and completed fastest, however, when limiting exposure time, Navon (1977) 

found that precise information was harder to detect. In those studies, participants could 

recognize a large 'H', 'S ' or rectangle but did not notice the small letters or rectangles 

that defined each, without also attending to the global feature. Trends are believed to be 

identifiable at a glance because the message the viewer is looking for stands out, unlike 

other tasks, which require more processing and hence more time to complete. Thus, the 

trend identification task should be perceived as the simplest of the three types. It should 

lead to better performance, shorter response times and higher certainty than the other two 

tasks. To test this, Hypothesis la predicted that trend identification task performance 

would be higher and Hypothesis lb that response times would be shorter than both the 

comparison and the read-off tasks. Hypothesis 1 c predicted that the level of certainty for 

the trend identification task would be higher than for both the comparison- and the read-

off tasks. These and all following hypotheses are summarized in Table Bl (p. 170) 

together with the tests employed to test their effects. 

According to Pinker (1990) we all have a 'graph schema' or pictorial 

representation against which incoming graph stimuli are compared. If, during graph 

perception, incoming stimuli (bottom-up) are immediately compared to existing 

representations (top-down), then perceptual processing should lead to some level of 

comprehension, even when graph stimuli are shown very briefly. To test this, graph 

stimuli were presented at two different stimulus exposure times. According to Pinker 
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(1990), graph comprehension is a cyclical process where information from the graph is 

compared to existing graph schema and then to the conceptual question. This iterative 

cycle continues until the graphical information is comprehended (discussed earlier on p. 

18). Thus, it is reasonable to assume that the task would be perceived as more complex 

when less time is allowed for iteration to occur as in the 50 ms condition. Hypothesis 2a 

predicted that performance would be better and Hypothesis 2b predicted that response 

times would be shorter at 300 ms than at 50 ms stimulus exposure times. Hypothesis 2c 

predicted that reported certainty would be higher at 300 ms than at 50 ms. 

Finally, it is possible that the type of response options could affect performance 

Participants could be relying solely on memory of the stimulus to select the correct 

response if the response options correspond to the stimuli presented (i.e., graphical 

stimulus and graphical response option). However, when the response mode differs from 

the stimulus mode participants cannot rely exclusively on memory of the stimulus (i.e., 

graphical stimulus and textual response option). Thus, it was desirable to discern how 

those two response modes would affect performance. To test that, a graphical and a 

textual response mode was employed. Accordingly Hypothesis 3 a predicted that 

graphical response options would lead to better performance and Hypothesis 3b that 

response times would be shorter for graphical than for textual response options, 

regardless of stimulus exposure time and of the graph comprehension task. Finally, 

Hypothesis 3 c predicted that certainty would be higher for graphical than textual response 

options. 
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Table Bl 

Hypothesis number, predictions and test used 

H # Prediction Test Used 

1 a Performance on trend identification task Main effects analysis & 
will be better than both the comparison and Simple main effects analysis 
read-off tasks, 

lb Response times will be shorter for the trend Main effects analysis & 
identification task than both the comparison Simple main effects analysis 
and read-off tasks, 

lc Certainty ratings for the trend identification Main effects analysis & 
task will be higher than both the comparison Simple main effects analysis 
and read-off tasks. 

2a Performance at 300ms exposure time will Main effects analysis 
be better than performance at 50ms 
exposure time. 

2b Response times will be shorter at 300 ms Main effects analysis 
exposure times than at 50 ms exposure time. 

2c Certainty ratings will be higher for 300ms Main effects analysis 
exposure time than at 50ms exposure time. 

3a Performance will be better for graphical Main effects analysis 
response options than for textual response 
options. 

3b Response times will be shorter for graphical Main effects analysis 
response options than textual response 
options. 

3 c Certainty will be higher for graphical Main effects analysis 
response options than for textual response 
options. 

To test short-term visual memory, the Visual Patterns Test (hereafter VPT) (Delia 

Salla, et al., 1997) was used. To test participants' ability to separate figure from 

background, or field dependence-independence ability, the Group Embedded Figures 

Test (hereafter EFT) (Witkin, et al., 1971) was administered. Both tests were 

administered to help identify individual differences in skill levels. 
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Method 

Participants 

A total of 33 participants were recruited from Carleton University and through 

personal contacts. The first 6 participants' data were excluded because their data files 

were incomplete due to a programming error. Three were recruited through the SON A 

system and the other three were paid for their participation. A sample of 27 new 

participants were recruited without the use of the SONA system. The last three 

participants' data were not necessary to fill the experimental conditions, so their data 

were excluded. The data for the first 24 participants, comprising 13 women and 11 men 

(mean age 23.13 years and a range of 18 to 45 years) were included for analysis. All 

responded to advertisements posted around campus and were each paid $15.00 for 

participation. All were tested for visual acuity using a mini eye chart and were pre-

screened for colorblindness. 

Apparatus 

Each participant was tested on a Toshiba Satellite laptop with Genuine Intel® 

Centrino Duo CPU. Screen resolution was set to 1280 by 800 pixels with highest 32bit 

colour. A program created in DirectRT™ was used to present graphs, collect responses, 

ratings and response times. A stopwatch was also used to time the completion of the 

Group Embedded Figures Test. 

Materials 

The materials were the same as before with the addition of new consent- and 

debriefing forms, amended instructions, a Group Embedded Figures Test Booklet, and 
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Visual Pattern Test Booklet, pens, pencils and erasers (See Appendix BB for materials, 

where permitted by copyright law). For each task, the stimulus materials consisted of 

five practice graphs, and 15 test graphs. Bar graphs were used in the comparison- and 

read-off tasks, each showing three variables. The trend identification task employed line 

graphs, showing "small" or "sharp", "increasing" or "decreasing" slopes. Small changes 

varied less than 50% between the beginning - and end points and sharp changes varied 

more than 60% at the beginning- and end points. 

Design 

The experiment employed a mixed design. The stimuli were presented for 50ms 

in the first, and for 300 ms in the second condition. In both conditions, a backward 

masking technique was employed to cancel further processing of the stimulus 

information. The mask was presented for 50 ms and 300 ms, respectively, with a 100 ms 

delay (stimulus onset asynchrony, SOA) (Enns & Dillolo, 2000). The design is shown in 

Table B2. 
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Table B2 

The Experimental Design 

Test Ps 50 ms Condition Test 
Trend Comp Read 
n=15 n=15 n=15 

300 ms Condition 
Trend Comp Read 
n=15 n=15 n=15 

Graphical Options 

VPT/ 
EFT PI 

P6 

EFT/ 
VPT 

EFT/ 
VPT P7 

P12 

VPT/ 
EFT 

Textual Options 

VPT/ 
EFT P13 

P18 

EFT/ 
VPT 

EFT/ 
VPT P19 

P24 

VPT/ 
EFT 

The 50 ms condition was always presented first. The three task types were 

counterbalanced (six orders) within each response mode condition to avoid serial order 

effects, but they were presented in the same order in both exposure time conditions. One 

half of the participants completed the VPT at the start of the experiment and the EFT just 

prior to the 300 ms exposure time condition. This was reversed for the other half. Each 

task comprised 5 practice graphs, followed by 15 test graphs. Test graphs were presented 
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in random order within each task type. The first graph stimulus was presented for 50 ms, 

with an SOA of 100 ms, followed by the mask for 50 ms, a blank screen for 1000 ms, and 

then the four response options. Participants were instructed to select the graph deemed 

correct by typing the relevant number into the computer. Response options were shown 

for an unlimited time. Twelve participants were given graphical response options as in 

Preliminary Study 1, and another 12 were given textual response options, as shown in 

Figure Bl. 

For the trend identification task, all graphs displayed a single line, 14 with one or 

two direction changes resulting in a crooked line, and one had a perfectly straight 

decreasing trend line. Thus, seven line graphs were mirror opposites and one was added 

to keep the number of graphs consistent. Lines were presented in black of standard 

thickness. Participants were asked to choose the response option that best indicated the 

trend in the graph just seen. The procedure was the same as in Preliminary Study 1 (p. 

145) with the addition of five graphs (two with mirror opposites and one straight line). 
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Small Decrease 

1 

Small Increase 

3 

Sharp Increase 

2 

Sharp Decrease 

4 

Figure Bl. Example of textual response options for trend identification task 

In the comparison task, 15 bar graphs were shown following the same procedure 

as the trend identification task. Bar graphs were displayed with an 'A', 'B' and ' C 

variable, all in black. Participants were asked to "compare A and C" (or A & B, or B & 

C), for example, and to choose the option graph or textual description that best described 

the magnitude of the difference between the two target variables. An example of a 

comparison task stimulus graph is shown in Figure B2, with both graphical and textual 

response options shown in Figures B3a and B3b (pp. 176 & 177). One response option 

graph showed the correct relation (#1), one showed the variables in the opposite relation 

(#3), and two showed the specified variables varying randomly. 
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Figure B2. Example of comparison stimulus graph (Compare A to C) 

Figure B3a. Example of graphical response options for the comparison task (Correct = 1) 
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A < C C = A 
1 2 

A > C C > A 
3 4 

Figure B3b. Example of textual response options for the comparison task (Correct =1) 

The read-off task entailed estimating the value of a particular variable 'A', 'B ' or 

' C in the initial screen. Participants were asked to focus on the value of one of the 

variables, "value of A", or B or C, and when ready, to press the space bar to see the 

stimulus graph. The stimulus graphs were the same as in the comparison task. The 

stimulus graph is shown in Figure B4 in which the value of B is 75%, and the graphical 

and textual options are shown in Figures B5a and B5b (pp. 178 & 179) respectively. 
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Figure B4. Example of read-off stimulus graph (Value of B) 

Figure B5a. Example of graphical response options for read-off task (Correct =2) 
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B = 45% B = 75% 
1 2 

B = 50% B = 60% 
3 4 

Figure B5b. Example of textual response options for read-off task (Correct = 2) 

Procedure 

Participants were seated and presented with an informed consent form. After 

reading and signing it, they completed the demographic information sheet and the graph 

comprehension test, followed by the mini eye test. Next, they were given the Embedded 

Figures Test or the Visual Pattern Test, depending on the order to which they were 

assigned. After completing that test, they were instructed to move to the laptop to begin 

the graph perception study. Upon seeing the first practice stimulus graph for 50 ms (100 

ms SOA and mask for 50 ms), the four textual or graphical response options were 

presented, followed by a text box requesting them to rate their certainty about the 

correctness of their answer, on a scale from 0 - 100 (0 = not at all certain and 100 = 

completely certain). When finished, they pressed the 'enter' key followed by the space 

bar to see the next stimulus. After completing the five practice graphs, participants were 

asked if they had any questions. They then continued to the test graphs. In each task 
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condition, the 15 graphs were presented in random order. The researcher sat beside the 

participant throughout. At the end of the trend identification task, participants were 

asked how they had estimated the trend. Their responses were recorded for later analysis. 

For the comparison task, exposure time, sequence of events, and number of option 

graphs were the same as in the trend identification task, except that participants were told 

which variables to compare prior to seeing the stimulus graph. For the value 

identification task, participants were also prompted to look for the value of one specific 

variable and to choose the response option graph representing that value. 

Upon completing the 50 ms condition, they were offered a short break. After the 

break, participants completed the remaining test, either EFT or VPT. Then they 

completed the 300 ms condition with tasks presented in exactly the same order as in the 

50 ms condition. The stimulus graphs were randomized again within each task. When 

finished, the participant was thanked for his/her willingness to take part, debriefed and 

paid and dismissed. The experiment lasted approximately 1.5 hours. 

Data analysis 

As in the preliminary experiment, the percentage of correct responses was 

calculated first for each task and for each participant. The same was done for certainty 

scores. An error analysis was undertaken, as before, to identify possible problematic 

stimuli. Additionally, the average response time was calculated for each participant in 

each task. Because the dependent measures were the same for all experiments, the data 

were treated in the same fashion throughout. 
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Results 

The results are divided into six sub-sections. The first presents an error analysis 

to identify and possibly remove potentially problematic stimuli. The second section 

presents the results of data exploration that ensured that assumptions of ANOVA were 

met and any outlying scores were identified and dealt with. The third section presents 

performance data on all three tasks types, exploring the effects of stimulus exposure 

times, tasks, and response modes. Mean response time data are presented for stimulus 

exposure times, tasks and response modes in the fourth sub-section. In the fifth sub

section, an analysis of participants' mean certainty ratings is presented. The final section 

briefly addresses the relationship between the two tests (VPT and EFT) and the mean 

performance, certainty ratings and response times. An alpha level of .05 was used for all 

statistical tests in these thesis experiments. All descriptive statistics as well as tests for 

violations of assumptions are included in Appendix BB. 

Error Analysis 

Participant responses were recorded for each graph in each of the three task types, 

for both exposure time conditions and in both response modes. The percentage of 

incorrect responses was first calculated for each condition and every task. As 

performance was predicted to be higher than chance levels, even in the 50 ms exposure 

condition, the mean percentage of incorrect responses on each task should be less than 

75%. The mean percent of incorrect responses for both response modes, three tasks and 

both exposure time conditions is shown in Figure B6. 
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Figure B6: Mean incorrect responses in percent for response modes, tasks, and exposure 
time condition 

As the Figure shows, the mean percentage of incorrect responses was higher in 

the 50 ms than the 300 ms conditions in both response modes. The read-off task led to 

the lowest performance in the 50 ms condition in both response modes. The number of 

errors declined quite dramatically across all tasks from the 50- to 300 ms conditions with 

both response-options. However, in the textual response condition, the decline was 

minimal in the trend identification task. The trend identification and comparison tasks 

were completed approximately equally well in the 50 ms condition regardless of response 

option, but the results look different in the 300 ms conditions because the error rate for 

the comparison tasks was considerably lower in the 300 ms condition compared to the 

trend tasks. The assumption that performance should be higher in the 300 ms exposure 

time condition clearly held for the comparison and the read-off tasks in both the graphical 

and textual response modes, but not for the trend identification task in the textual 

response mode. In order to identify any outliers, a detailed analysis was conducted on 

each of the 15 stimulus graphs in all three task types. 
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The analysis showed that error rates exceeded the 50% criterion in both exposure 

time conditions for four graphs in the trend identification task only. Therefore, these four 

graphs were removed prior to analyzing participants' performance, response times and 

certainty ratings. In all four graphs, the difference between the first and last value was 

smaller than 50%, which was defined earlier as a 'small' slope. However, more than half 

of the participants chose to call that a 'sharp' slope in the textual response-mode 

suggesting a possible misalignment of the researcher's and participants' mental models. 

As these exceeded the 50% error rate criterion, it justified excluding these four graphs 

from further analyses. Certainty ratings and response times associated with correct and 

incorrect responses were further examined prior to removing those four graph stimuli for 

the trend identification task only, to determine if a misalignment of mental models 

occurred. The data for two participants were missing from these two analyses because 

they did not have incorrect responses for some graphs in the textual condition. 

To determine if participants completing the trend identification tasks realized 

when they had selected an incorrect response, a 2 x (2 x 2) ANOVA was conducted on 

mean certainty ratings for response mode (graphical, textual), accuracy (correct, incorrect 

responses) and exposure time (50 ms, 300 ms). It revealed an interaction of response 

mode and accuracy, F{\, 20) = 14.88,/? = .001, rip2 = .43. Analyses of simple main 

effects showed that certainty was significantly higher for correct than incorrect responses 

in the textual response mode, F(l, 20) = 17.67,/? = .000, np
2 = .47, but not in the 

graphical response mode, F(l, 20) = 1.25,p = .277, r|p
2 = .06. Apparently, participants 

did not always realize when they had made an incorrect response in the graphical 

response mode, suggesting that the textual mode was easier to understand than the 
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graphical mode. This finding supports the assertion that there was a misalignment 

between the researcher's and the participants' definition for a "small" slope in the textual 

response mode, because participants were likely aware that they did not know how to 

define the slope for some of the graph stimuli. In the graphical response mode, however, 

it is possible that because participants had only to choose a graph with a similar slope, 

they were unaware that they were incorrect because they didn't have to indicate if the 

slope was 'small' or 'sharp'. 

Participants were more certain in the 300 ms than the 50 ms condition, as 

evidenced by a significant main effect for exposure time, F(l, 20) = 10.07,/> = .005, np
2 

= .34, and they were more certain when their responses were correct than when they were 

incorrect as was shown by a significant main effect for accuracy, F{\, 20) = 5.53,p 

= .029, rip2 = .22. Additionally, certainty was highest in the graphical response mode 

compared to the textual, as demonstrated by a significant main effect of mode, F{\, 20) = 

8.01, p = .01, np
2 = .29. No other effects were significant. 

Response times were explored in the same fashion by comparing the mean 

response times for correct and incorrect responses. The result of the 2 x (2 x 2) ANOVA 

conducted for response mode (graphical, textual), accuracy (correct, incorrect responses) 

and exposure time (50 ms, 300 ms) showed that correct responses were offered faster 

than incorrect ones as evidenced by a main effect of accuracy, F(l, 20) = 16.14, j> = .001, 

r)p2 = .45. No other effects were significant. Thus, both certainty ratings and response 

times aligned reasonably well with performance. Participants were generally less certain 

and took longer to respond when they had selected an incorrect than a correct response 

and less certain in the textual than in the graphical response mode. 
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Data Exploration 

An analysis was conducted for performance scores across response modes to 

determine if the assumptions of ANOVA were met. Outliers were defined in two ways: 

first those scores lying three standard deviations from the mean were considered 

'extreme', and second, those scores that might lie closer to the mean but may pull the 

distribution in one way or another resulting in violations of normality. Thus, it was 

possible to have an extreme outlier that did not influence the distribution and a not quite 

so extreme outlier that did have an influence. Thus they could be outlying and influential 

or just outlying. If they were outlying and influential, the scores were adjusted. If they 

were just outlying and did not affect the distribution, they were left alone and included in 

the analyses. (For a complete description of how outlying scores were dealt with, refer to 

Experiment 1, results section on data exploration). 

For the current experiment, the test of normality showed that the performance 

data were normally distributed across tasks in the 50 ms condition, but not in the 300 ms 

condition. These violations seemed acceptable given that different participants were 

identified as outliers on different tasks, suggesting that individual differences were 

responsible for the violation. The data were not adjusted for that reason. Mauchley's 

test of Sphericity was performed and showed no violation for task or time by task. 

To ensure that the assumptions of the ANOVA were met, an analysis of response 

time data was conducted across response modes. Tests of normality showed that the 

assumption was violated in some conditions and thus outlying cases were explored. One 

outlying participant was identified in the 50 ms trend condition, one in the 50 ms 

comparison condition, one in the 300 ms comparison condition; three in the 50 ms read-
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off condition and one in the 300 ms comparison condition. Thus, the eight outlying 

response times were moved within one standard deviation of the mean. Tests of 

normality were re-calculated and after adjusting the 8 response times, all were normally 

distributed except the read-off task in the 50 ms condition. It was left as is because the 

tests showed only a slight violation. Mauchley's test of Sphericity was performed and 

showed no violation for task. 

An analysis on certainty ratings was conducted for tasks and time conditions 

across response modes to ensure that the ANOVA assumptions were met. Tests of 

normality showed that the data were normally distributed across all tasks times and 

response modes, except in the 300 ms read-off condition, which showed a violation of 

normality. No outliers were identified and normality was not violated in any other 

condition, thus the data were retained without adjustment. Mauchley's test of Sphericity 

was performed and showed a violation for task, W= 0.50, ^(2)= 14.75,/? = .001, and 

time by task, W= 0.45, x2 (2) = 16.76, p = .000. Thus, a Huynh-Feldt Epsilon correction 

was considered to interpret the results of the three-way interaction; the corrected degrees 

of freedom had no effect on the F-value for the other ANOVA sources, thus they were 

not altered. 

Since the experimental design employed repeated measures, the assumption of 

independence of residuals was not considered as the assumption was knowingly violated 

by choosing this design. This is true for all experiments, thus it will not be discussed 

again. 
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Performance 

As a result of the error analysis, the four problematic graphs were removed, 

leaving a sample of 11 stimuli in the trend identification task. Figure B7 shows that 

performance on all tasks was at well above chance level (25%) and participants 

performed better in the 300 ms than in the 50 ms condition. There appears to be a 

difference in performance on tasks in the 50 ms condition but not in the 300 ms condition. 

100 

£ 75 

°a 50 

S 25 

D Trend 

• Compare 

Q Read-off 

50 ms 300 ms 

Exposure Time 

Figure B7. Mean percent correct responses on the three tasks (trend, compare and read-
off), at both stimulus exposure times (50ms and 300ms), collapsed across response modes, 
bars show CIs for 2-way interaction = + 5.19 

To determine the locus of these suspected differences, a 2 x (2 x 3) ANOVA was 

conducted for response mode (textual, graphical), exposure time (50 ms, 300 ms), and 

task (trend identification, comparison, read-off) on the mean performance scores. 

The three-way interaction of task by exposure time by response mode was not 

significant, F(2, 44) = 0.73, p = .49, r|p2 = .03, and nor were the two-way interactions of 

response mode by task, F(2, 44) = 0.37, p = .693, r|p2 = .02, or response mode by 



Do Separable Dimensions Matter? 188 

exposure time, F(l, 22) = 2.05, p = .166, r|p2 = .09. The two-way interaction of task by 

exposure time was however significant, F(2, 44) = 7.53, p = .002, r[p
2= .26. 

Exploring the locus of the differences between tasks at each exposure time 

condition, analysis of simple main effects revealed a significant difference between tasks 

in the 50 ms condition, F(2, 44) = 12.58, p = .000, but not in the 300ms condition, F(2, 

44) = 1.39, p = .259. Simple comparisons of tasks within the 50 ms condition showed 

that performance on the trend identification task was significantly better than on both the 

read-off task, F(l, 22) = 27.90,;? = .000, and the comparison task, F(l, 22) = 8.50, p 

= .008. The comparison- and read-off tasks did not differ, F(l , 22) = 3.53, p = .074. 

Applying a Bonferonni correction to control for familywise error yielded an alpha of 

0.05/3 = 0.017; both simple comparisons between trend identification task and 

comparison and read-off tasks remained significant. 

To test Hypothesis la, which stated that performance would be better on the trend 

identification task than on the other two tasks, the main effect for task, F(2, 44) = 9.20, p 

= .000, r|p2 = .26 was explored. Pairwise LSD comparisons showed that performance was 

better on the trend identification task than both the comparison- (p = .020) and the read-

off task (p = .000). Hypothesis la was therefore supported. Performance did not differ 

between the comparison and read-off tasks (p = .163). 

To test Hypothesis 2a, which predicted that performance would be better in the 

300 ms- than the 50 ms exposure time condition, the main effect, F(l, 22) = 97.99,/? 

= .000, r|p2 = .82, was explored. Performance was better in the 300 ms exposure time 

condition (M= 88.46, SE = 1.89) than the 50 ms condition (M= 61.89, SE = 3.61), thus 

supporting Hypothesis 2a. 



Do Separable Dimensions Matter? 189 

Finally, Hypothesis 3 a stated that performance would be higher on the graphical-

than the textual response mode. The main effect of response mode was not significant, 

F(l,22)=l.l9,p = .286, r|p
2= .05, thus refuting Hypothesis 3a. 

Response Times 

The mean response time was calculated for each participant for each task, each 

exposure time condition, and each response mode. Figure B8 suggests that the mean 

response times varied more for tasks in the graphical than in the textual response mode. 

They were also lower in the trend identification and read-off tasks in the graphical than in 

the textual response mode. 
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Figure B8. Mean response time for three tasks (trend, compare and read-off), and at both 
response modes (Text and Graph), collapsed across exposure time conditions, bars show 
CIs for 2-way interaction = + 427.15 

A 2 x (2 x 3) ANOVA was conducted for the mean response times for response 

mode (graphical, textual), exposure times (50 ms, 300 ms), and task (trend identification, 

comparison, read off). The three-way interaction did not reach significance, F(2, 44) = 

D Trend 

• Compare 

Q Read-off 
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0.84, p = .438, rip2 = .04, and neither did the two-way interactions of response mode and 

exposure time, F(l, 22) = 0.81,/? = .379, r|p = .04, or exposure time and task, F(2, 44) = 

1.51,/? = .233, r|p2= .04. The interaction of response mode and task, however, was 

marginally significant, F(2, 44) = 3.18, p = .051, rip2 = . 13. Simple main effects analyses 

revealed a difference in the graphical response mode, F(2, 44) = 8.86, p = .001, but none 

in the textual mode, F(2, 44) = 1.36, p = .267. 

Simple simple comparisons conducted within the graphical- and textual response 

modes showed that the comparison task took significantly longer than the trend 

identification task, in the graphical mode, F(\, 24) = 14.61,/? = .001, but not in the 

textual response mode, F(l, 22) = 0.16, p = .691. The trend and read-off task did not 

differ significantly the graphical response mode, F(l, 22) = 0.88,p = .359, or in the 

textual response mode, F(l, 22) = 1.89,/? = .183. Participants responded faster in the 

graphical response mode when completing the trend identification tasks and read-off 

tasks, but not when completing the comparison tasks. Finally, simple simple 

comparisons of the comparison task and the read-off task showed that the tasks differed 

in the graphical response mode, F(l, 22) = 8.50,/? = .008, but not in the textual response 

mode, F(l, 22) = 2.13,p = .258. Taken together, these results show that participants 

responded faster in the graphical response mode when completing the trend or read-off 

tasks but not when completing the comparison task. This finding suggests that in the 

graphical condition, participants may be relying on memory. This will be taken up in the 

discussion section. This partially supports Hypothesis 3b, claiming that response times 

would be shorter for graphical- than for textual response options. 
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There was a significant main effect of exposure time, F(l, 22) = 47.85, p = .000, 

np
2 = .69, indicating that responses took longer when stimuli was were exposed for 50 ms 

(M= 4287.29, SE = 218.68) than for 300 ms (M= 3101.35, SE= 112.19), supporting 

Hypothesis 2b. There was also a significant main effect for task, F(2, 44) = 7.04,/? 

= .002, rip2 = .24. Pairwise LSD comparisons indicated that response times were longer 

for the comparison task than for both the read-off task (p = .005) and the trend 

identification task (p = .007), but there were no differences between the trend 

identification and read-off tasks (p = .759). Hypothesis lb predicting that response times 

would be shorter for the trend identification task than for both the comparison and read-

off tasks, was thus only partially supported. 

Certainty 

Figure B9 shows that mean certainty ratings were higher in the 300 ms- than in 

the 50 ms condition. The Figure also shows that certainty was higher in the textual- than 

in the graphical response mode. 

Figure B9. Mean certainty ratings on response mode (textual, graphical), and exposure 
time condition (50 ms, 300 ms), bars show CIs for 2-way interaction = + 5.61 
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A 2 x (2 x 3) ANOVA was conducted for certainty ratings for response mode 

(graphical, textual), exposure times (50 ms, 300 ms), and task (trend identification, 

comparison, read off). It showed that the three-way interaction was not significant, 

F(1.29, 28.39) = 2.87,/? = .093, r|p
2= .12, indicating that mean certainty ratings did not 

differ systematically at each level of each independent variable. However, the two-way 

interaction of response mode and exposure time was significant, F(l, 22) = 4.64, p = .043, 

rip2 = . 17, indicating that certainty ratings differed in the two exposure time conditions as 

a function of response mode. The main effect of exposure time conditions was also 

significant, F(l, 22) = 48.45, p = .000, r|p = .69. As stated earlier, certainty was lower, 

on average, in the 50ms- than the 300ms condition. This supports Hypothesis 2c, which 

predicted that certainty would be higher in the 300ms condition than the 50ms condition. 

Comparison of the mean certainty ratings for the textual and the graphical response mode 

was also significant, F(\, 22)= 7.31, p = .013, rip2 =.25, showing that certainty was higher 

in the textual- than the graphical response mode. This contradicts Hypothesis 3 c, which 

stated that participants should be more certain about their performance in the graphical 

mode than the textual one. 

There were no significant two-way interactions involving tasks, namely, task by 

response mode, F(2, 44) = 1.21, p = .307, r|p
2 = .05, and task by exposure time, F(2, 44) = 

0.79,/? = .460, np
2 = .04. There was no main effect for task either, F(2, 44) = 0.10, p 

= .908, r|p2 = .004. Differences in certainty could thus not be accounted for by systematic 

differences in tasks. Hypothesis lc stating that participants would be more certain about 

their performance on the trend identification task than on the other two tasks was thus 

also refuted. 
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Individual Differences 

Two tests were administered to determine if differences in short term visual 

memory (VPT) and ability in field dependence-independence (EFT) could account for 

differences in performance, response times and rated certainty. For a description of the 

results of the Pearson Product Moment Correlation Coefficients, see Experiment 1. 

Summary of Hypotheses 

Nine hypotheses were tested in this experiment. The specific hypotheses, the 

results of each test and the results are reported in Table B3. 
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Table B3 

Hypothesis number, prediction, test used and result 

H# Prediction Test Used Result 

1 a Performance on trend identification task 
will be higher than both the comparison and 
read-off tasks, 

lb Response times will be shorter for the trend 
identification task than both the comparison 
and read-off tasks. 

1 c Certainty ratings for the trend identification 
task will be higher than both the comparison 
and read-off tasks. 

2a Performance at 300 ms exposure time will 
be better than performance at 50 ms 
exposure time. 

2b Response times will be shorter at 300 ms 
exposure times than at 50 ms exposure time. 

2c Certainty ratings will be higher for 300 ms 
exposure time than at 50 ms exposure time. 

3 a Performance will be better for graphical 
response options than for textual response 
options. 

3b Response times will be shorter for graphical 
response options than textual response 
options. 

3 c Certainty will be higher for graphical 
response options than for textual response 
options. 

Simple main effect Supported 

Pairwise comparisons 

Simple main effect 

Main effect of 
exposure time 

Main effect of 
exposure time 

Main effect of 
exposure time 

Main effect of 
response mode 

Main effect of 
response mode 

Main effect of 
response mode 

Partially 
Supported 

Refuted 

Supported 

Supported 

Supported 

Refuted 

Partially 
Supported 

Refuted 

Discussion 

When considering the demands of the three task types on graph perception and 

interpretation, task complexity appears to depend on three criteria, namely attention to 

detail, stimulus exposure time, and stimulus response compatibility. Each of these is 

discussed. 
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Attention to Detail 

Global information is said to be more readily identified than detailed information 

(Navon, 1977). This would lead one to predict that the trend identification task should be 

the easiest of the three types of task tested here because it only involves attending to one 

item of information. Hypothesis la predicting that performance would be best on the 

trend identification task compared to the comparison and read-off tasks was borne out by 

the results. One would also assume that, the trend identification task should be 

completed faster than the other two tasks (as per Hypothesis lb). This was only partially 

supported by the results, as response times were not shorter for the trend identification 

task than for the read-off task. Finally, the trend identification task should lead to higher 

certainty levels (as per Hypothesis lc). That was not the case. Therefore, Hypothesis lc 

was refuted. 

One way to interpret these results is that the three types of task differed in the 

amount of information requiring attention. The line graphs for example, contained only 

one line, thus only one item required attention; participants could have ignored 

everything else. One possible strategy is to attend only to the slope of the line in the 

trend identification task. This is not possible in the comparison task, in which 

participants must locate and attend to two elements. The same is true in the read-off task, 

in which they had to identify both the value and the location of the target element and 

then remember the value when confronted with four possible responses. Thus, in terms 

of the response requiring most attention to precision, the read-off task was most 

demanding and hence the most complex task, and the trend identification task was the 

least demanding. That interpretation is reflected quite clearly in the results. 
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The read-off task required only attention to one bar, comparing it to the ordinate, 

whilst the comparison task involved comparing two bars on the graph. It should have 

taken longer to complete, but it did not. One possible explanation for these results is that 

different strategies were used to complete each of the two tasks but the different 

strategies took the same amount of time. 

The level of certainty was similar across all tasks, which refuted Hypothesis lc. 

The results indicate that variations in certainty levels could not be attributed to difficulty 

of the tasks. Participants were not always aware when their responses were incorrect, 

thus their certainty ratings could not have been based on their actual performance. 

Instead, they could be a reflection of the perceived ease of the task; apparently this did 

not differ between the three task types. 

Stimulus Exposure Time 

As Pinker (1990) contends, if the message the graph creator intended to convey 

matches the graph readers' conceptual question, the information should be processed 

automatically by the default encoding mechanism. However, if the task is too complex to 

rely on automatic processing, the information will take longer to process and errors will 

occur. In the above experiment, all tasks at the 50 ms stimulus exposure time were 

completed at higher than chance level on average, showing that some information is 

likely to be processed automatically. This supports Pinker's (1990) framework and 

demonstrates that the tasks were not too complex to be completed with some success. It 

also follows that the longer the inspection time, the better performance will be. 

Opportunity for iteration is one possibility, as Pinker's (1990) argues. 
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Performance on graph stimuli presented at 300 ms was predicted to be better 

(Hypothesis 2a), faster (Hypothesis 2b) and participants should be more certain 

(Hypothesis 2c). All of these hypotheses were supported. Thus, longer exposure times 

lead to better and faster performance as well as to higher certainty ratings. Task 

complexity apparently decreased with longer exposure times, also showing support for 

Pinker's (1990) theory. As a result of these findings, only the 50 ms stimulus exposure 

time was retained in future experiments. Since the 300 ms- was clearly easier than the 50 

ms condition, there was no reason to continue testing that exposure time. 

Stimulus-Response Compatibility 

Recall that graphical representations of the responses were predicted to lead to 

enhanced performance because of the direct mapping between the stimuli and the 

responses. The conversion of graphical stimuli into text was predicted to require more 

cognitive processing thereby increasing the complexity of the task and leading to 

degraded performance. Accordingly, Hypothesis 3 a predicted that performance would be 

better on the graphical- than on the textual response mode. It was refuted because there 

were no differences in performance between the two response modes. However, 

responses were faster in the trend identification task and the read-off task than in the 

comparison task in the graphical response mode. Hypothesis 3b, which stated that 

participants would be faster at responding to options presented in graphical than in 

textual formats, was therefore only partially supported. 

It was also hypothesized that participants should be more certain about the 

correctness of their responses in the graphical- than in the textual response mode. 

However, the reverse was found: certainty ratings were significantly higher in the textual 
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response mode. It may have been harder to picture the trend line represented in the graph 

option than to identify the magnitude and direction of the slope in the trend identification 

task. Alternatively, the textual response options may have been perceived as being 

visually simpler than the graphical response options in the comparison and read-off tasks, 

which led to higher certainty ratings. 

The results showed that response times were shorter in the graphical response 

mode for the trend identification task and the read-off task, despite the fact that their 

performance was no better than in the textual response mode. Although it took 

participants longer to respond to textual options, their higher levels of certainty indicate 

that they found the textual response mode easier than the graphical response mode, 

irrespective of their level of performance. The predictions that graphical response 

options would lead to improved performance, thus resulting in faster responses and 

higher certainty, were not borne out by these results. Thus, only the textual response 

mode was retained in subsequent experiments because, first, there were no differences in 

performance identified between the graphical and textual options. And second, because 

response times were shorter and certainty was higher for the textual options, indicating 

that participants found the textual easier than the graphical response mode. 

Results from this experiment showed that performance was affected by the 

amount of attention to detail required to complete the task as well as the duration of 

stimulus exposure. Task complexity was not affected by the two response options 

offered here. Thus, this exploration of some variables that could account for differences 

in 'task' complexity led to methodological decisions allowing a more focused exploration 

of perceptual complexity in the subsequent experiments. 
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Methodological Modifications 

As a result of the above findings, the following five methodological changes were 

made to the Experiments 1 through 4, in which a repeated measures design was used. 

First and foremost, only line graphs were used because line graphs allow the dimensions 

of orientation, size and color to be manipulated, whereas this is not possible with bar 

graphs. Furthermore, it was clear that the trend identification task was completed above 

chance levels at the 50 ms exposure time, which resulted in better performance than the 

other two tasks. When exploring perceptual processes in graph interpretation, it was 

necessary to select a specific task that was doable in 50 ms when stimuli were in their 

simplest form but also one which participants would still be able to complete if was made 

more complex with the addition of extra information. Thus, it made sense 

methodologically to select line graphs over bar graphs to explore the processes involved 

in graph perception further. 

Since line graphs were selected for subsequent experiments, the following 

changes were to overcome the differences in the researcher's and participants' mental 

models noted in the above experiment. The second methodological change was to 

replace the four problematic trend identification graphs with ones that ensured the 

steepness of slopes were obvious. As before (with a small increase/decrease represented 

by less than 50% difference in magnitude between first and last point and a sharp 

represented by greater than 60% difference), and the lines were evidently crooked (with 

at least one very clear direction change). All line graphs were designed to ensure that the 

patterns differed from one another. All displayed four data points. Third, the number of 

line graphs was reduced from 15 to 12 because it was a more manageable number for the 
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factorial design employed in the next study, and it allowed the graphs to be completely 

balanced for direction, magnitude of slope and mirror opposite. Each graph was 

reproduced 12 times to account for all levels of independent variables, which yielded 144 

graphs. The VTP and the EFT were counterbalanced and administered at the beginning 

and end of the single trial, depending upon condition. Fourth, a distracter line was added 

to all line graphs to increase the complexity of the task. Finally, the thickness 

(hereinafter "size") and color of the distracter lines were varied, but the target was always 

black and of a standard thickness. These changes helped to ensure that there was less 

discrepancy regarding the 'correct' answer and accounted for conflicting mental models. 

These changes were also instrumental in ensuring that amount of attention to detail, 

stimulus exposure time, and response mode variables were not responsible for differences 

in performance, response times and certainty when next exploring graph perceptual 

complexity. 

Limitations 

The textual options employed in this Experiment for the comparison task could 

have been considered too easy because so little text was displayed. One way to make the 

options appear more difficult would be to spell out the relation between the variables (A 

is greater than B) in sentences rather than using symbols (e.g., A > B, etc...) or to 

perhaps show the values associated with each (A=50, B=90, etc...). This would be worth 

exploring. Furthermore, four options were selected to be consistent across all 

experimental tasks, also displaying four options. It was very difficult to create a fourth 

'wrong' option, given that there were only 3 variables. For example, the choices for the 

comparison of A to B were: A < B, A > B, A = B, and B < A. There is a possibility that 
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participants might have noticed that A > B is equivalent to B < A. This could have been 

reflected in their responses if they did not select either of the options and thus, their 

chance of being correct could have increased to 50% from 25%. Future studies could 

avoid this problem by assigning values to the variables and letting participants decide 

whether they were greater than, less than, or equal to the other variable. Finally, there 

could be a possible interpretation issue regarding the tasks and the graph stimuli used for 

each. Because the comparison- and read-off tasks employed bar graphs and the trend 

identification task employed line graphs, the criticism of a possible confound between 

task and graph could be raised. Although it is possible to raise this concern, the results of 

this Experiment were not interpreted to address the question of which graph type is better 

for which graph reading task or vise versa. The question this Experiment intended to 

answer was whether there was a difference between graph reading tasks, and which can 

be done most efficiently. Here graph task and graph type are considered simultaneously 

and not separated for the purpose of interpretation. Thus, the possible criticism regarding 

a confound between graph task and graph type can be dispelled. 
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Appendix BB 

This Appendix contains all the materials used in Preliminary Study 2, including: consent 
and debriefing forms, Visual Pattern Test (Delia Salla, Gray, Baddley & Wilson, 1997), 
the Group Embedded Figures Test (Witkin, Oltman, Raskin, & Karp, 1971), the 
experimental task instructions and notice of recruitment. 

All performance, response time and certainty data are also provided in this Appendix. 

Performance data includes: descriptive statistics (Table BB1), tests of normality (Table 
BB2), ANOVA table (Table BB3). 

Response time data includes: descriptive statistics (Table BB4), tests of normality (Table 
BB5 & BB6), ANOVA table (Table BB7). 

Certainty data includes: descriptive statistics (Table BB8), tests of normality (Table BB9), 
ANOVA table (Table BB10). 

Data used for the analysis of errors is presented in Tables BB11 and BB12, followed by 
descriptive statistics for the error analysis for certainty ratings (Table BB13) and response 
times (Table BB14). ANOVA tables analyzing certainty (Table BB15) as well as 
response times (Table BB16) for correct and incorrect responses, response mode, and 
exposure time. 

Correlation tables are shown for relations between task and response time conditions and 
both the Visual Pattern Test and the Group Embedded Figures Test using: performance 
scores (Table BB17), response times (Table BB18) and certainty ratings (Table BB19). 
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Consent 
(Amended for length of study and remuneration for all other studies) 

The purpose of this consent form is to inform you as to what the purpose of the 
experiment is and what you will be required to do so that you have adequate information 
to decide whether or not you wish to participate. 

If you have questions regarding this study, please contact: 
Cathy Dudek (Principal Investigator) 
Telephone: (613) 520-2600 Ex-6628, e-mail: 
Dr. G. Lindgaard (Thesis Supervisor) 
Telephone: (613) 520-2600 Ex-2255, e-mail: gitte lindgaard@carleton.ca 

If you have ethical concerns regarding this study, please contact: 
Dr. Avi Parush (Chair of the Carleton University Research Ethics Committee for 
Psychological Research) 
Telephone: (613) 520-2600 Ex-6026, e-mail: avi_parush@carleton.ca 
Dr. Anne Bowker (Departmental Chair) 
Telephone: (613) 520-2600 Ex-2648, e-mail: psychchair@carleton.ca 

Purpose 
The purpose of this experiment is to learn more about graph perception and 
comprehension. 

Task Requirements 
You will be required to view a number of different graphs and then answer questions 
about them. After you do that you will be asked to rate how certain you are about your 
answer. 

Duration and Locale 
Each session should take no longer than two hours. The experiment will take place in the 
HOT Lab research facility located in 210 SSRB or at similar other locations that share the 
same characteristics. 

Consideration 
You will receive $ 15.00 for taking part in this experiment, regardless of whether you 
complete the experiment or not. 

mailto:lindgaard@carleton.ca
mailto:avi_parush@carleton.ca
mailto:psychchair@carleton.ca
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Potential Risk/Discomfort 
There is the possibility that some people may experience some discomfort because the 
graphs are presented for very brief periods of time. To ensure that any discomfort is kept 
to a minimum, we encourage you to take as many breaks as you feel are necessary 
throughout the experiment. You control the pace at which the graphs are presented. If 
you feel like taking a break, you are welcome and encouraged to do so at any time. 

Confidentiality 
All data that is collected will be held completely confidential. The data will only be 
made available to those people involved with this research. Data will be coded for 
identification purposes. 

Right to Withdraw 
You have the right to withdraw at any time, without any explanation as to the reason for 
withdrawing and the right to not answer any questions that you don't want to. 

Signatures 
I have read and understand the above terms of the web site study and I understand the 
conditions of my participation. My signature indicates that I agree to participate in this 
experiment. 

Participant's Name: 

Participant's Signature: 

Researcher's Name: 

Researcher's Signature: 
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Debriefing 
(Amended for all studies) 

You were a participant in an experiment conducted by Cathy Dudek, Supervised by Dr. 
Gitte Lindgaard, of the Department of Psychology. 

This study was designed to test people's ability to interpret graphical information quickly. 
You answered questions about graphs that you saw once for 50 milliseconds and then you 
answered the same questions again about graphs that you saw for 300 milliseconds. 
These two answers were then compared to see if you could answer questions about a 
graph as accurately at 50 msecs as you can at 300 msecs. Your ratings will be combined 
with others who did the same task you did to arrive at a mean score for each exposure 
time. We were looking specifically for how much agreement there is between your first 
and second answers. Further, we were looking at how certain you were regarding your 
answers. Those ratings were also compared between your first and second answers. We 
are also interested in whether or not there are differences in performance, certainty and 
response times for people who were presented with option graphs compared to those who 
received written descriptions of the graphs. 

The tests of spatial ability and visual memory will be used to understand what role these 
abilities play in assisting people with graph comprehension tasks. 

It is important to note that all data used in the graphs presented during the study and in 
the preliminary graph comprehension test are completely ficticious and do not represent 
real statistics. 

Thank you for your willingness to help us to learn more about graph perception and 
comprehension. If you have any further questions regarding this study please contact: 

If you have questions regarding this study, please contact: 
Cathy Dudek (Principal Investigator) 
Telephone: (613) 520-2600 Ex-6628, e-mail: cathv@interactingwithcomputers.com 
Dr. G. Lindgaard (Thesis Supervisor) 
Telephone: (613) 520-2600 Ex-2255, e-mail: gitte lindgaard(S>carleton.ca 

If you have ethical concerns regarding this study, please contact: 
Dr. Avi Parush (Chair of the Carleton University Research Ethics Committee for 
Psychological Research) 
Telephone: (613) 520-2600 Ex-6026, e-mail: avi_parush@carleton.ca 
Dr. Anne Bowker (Departmental Chair) 
Telephone: (613) 520-2600 Ex-2648, e-mail: psychchair@carleton.ca 

mailto:cathv@interactingwithcomputers.com
mailto:avi_parush@carleton.ca
mailto:psychchair@carleton.ca
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Visual Pattern Test 
(Same for all studies) 

The Visual Pattern Test was administered according to the instructions given by (Delia 
Salla, Gray, Baddley & Wilson, 1997) in the test package. Permission to provide a 
sample is required. 
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Group Embedded Figures Test 
(Same for all studies) 

The Group Embedded Figures Test was administered according to the instructions given 
by (Witkin, Oltman, Raskin, & Karp, 1971) in the test package. Permission to provide a 
same is required. 
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Instructions 

Introductory Instructions 

In the first part of the study there are 3 different 
sections. In each section, you will be shown a series 

of graphs for very brief periods of time. 
Each section requires you to complete a diferent task: 

indicate trends, compare between variables and 
identify values. 

Instructions will be given and you will get 
the opportunity to practice at the beginning of 

each section. 
When you are ready to do the first task, 

press the space bar. 

Trend Identification Instructions (graphical) 

To begin, you will see a line graph very briefly. 
You will then be presented with four option graphs. 
Your job is to choose the trend that is most similar 

to the one you saw in the line graph. 
You will then be asked how certain you are of your choice. 

When you are done, press the spare bar to move 
on to the next line graph. You will do this for each 
graph until you have worked through all the graphs. 

Do you have any questions? 
When you are ready to begin, press the space bar. 

Trend Identification Instructions (Textual) 

To begin, you will see a line graph very briefly. 
You will then be presented with four options. 
Your job is to choose the trend that describes 

the one you saw in the line graph. 
You will then be asked how certain you are of your choice. 

When you are done, press the spare bar to move 
on to the next line graph. You will do this for each 
graph until you have worked through all the graphs. 

Do you have any questions? 
When you are ready to begin, press the space bar. 
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Value Identification Instructions (graphical) 

Before being shown a bar graph very briefly, you will be 
prompted to look for a certain variable. Each graph 

will have three columns,labelled 'A', 'B' and 'C: 
in that order. For example, you will see, "value of B". 
You are to look for that value on the graph presented. 

You will then be presented with four option graphs. Your 
job is to choose which one shows the value you were asked 

to look for, in this case 'B'. 
You will then be asked how certain you are. When 

you are done, you will press the space bar to 
move on to the next bar graph until you have 

worked through all the graphs. 
Do you have any questions? 

When you are ready to begin, press the space bar. 

Value Identification Instructions (Textual) 

Before being shown a bar graph very briefly, you will be 
prompted to look for a certain variable. Each graph 

will have three columns,labelled 'A', 'B' and 'C: 
in that order. For example, you will see, "value of B". 
You are to look for that value on the graph presented. 
You will then be presented with four options. Your 

job is to choose which one shows the value you were asked 
to look for, in this case 'B'. 

You will then be asked how certain you are. When 
you are done, you will press the space bar to 
move on to the next bar graph until you have 

worked through all the graphs. 
Do you have any questions? 

When you are ready to begin, press the space bar. 
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Comparison Instructions (Graphical) 

Before being shown a bar graph very briefly, you will be 
prompted to look for the relation between specific 

variables. Each graph will have three columns,labelled 
'A', 'B' and 'C: in that order. For example, you will 
see, "compare A and B". You are to look for those 

variables on the graph presented. 
You will then be presented with four option graphs. Your 

job is to choose which graph shows the values you 
were asked to look for, in this case 'A' and 'B'. 

You will then be asked how certain you are of your choice. 
When you are done, press the space bar to move on to the 

next graph. 
Do you have any questions? 

When you are ready to begin, press the space bar. 

Comparison Instructions (Textual) 

Before being shown a bar graph very briefly, you will be 
prompted to look for the relation between specific 

variables. Each graph will have three columns,labelled 
'A', 'B' and 'C: in that order. For example, you will 
see, "compare A and B". You are to look for those 

variables on the graph presented. 
You will then be presented with four options 

describing the relation between the variables. Your 
job is to choose the one that describes the relation 

between'A' and 'B'. You will then be asked how certain 
you are of your choice. When you are done, 

press the space bar to move on to the next graph. 
Do you have any questions? 

When you are ready to begin, press the space bar. 
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Performance Data 

Table BB1 

Descriptive statistics for performance on textual and graphical response options for task 
and exposure time 

Descriptive Statistics 

Task and 
Exposure Time N Range Minimum Maximum Mean 

Std. 
Deviation 

Textual 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

12 

12 

12 

12 

12 

12 

82 

46 

73 

73 

86 

53 

18 

54 

20 

27 

7 

47 

100 

100 

93 

100 

93 

100 

75.92 

85.67 

61.08 

83.83 

46.08 

81.75 

23.97 

16.66 

28.48 

19.67 

29.10 

18.60 

Graphical 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

12 

12 

12 

12 

12 

12 

55 

9 

54 

33 

67 

27 

45 

91 

33 

67 

13 

73 

100 

100 

87 

100 

80 

100 

75.83 

98.50 

58.42 

90.50 

54.00 

90.50 

15.60 

3.50 

17.87 

10.32 

19.40 

9.20 
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Table BB2 

Tests of normality for performance on tasks and exposure times, collapsed across 
response mode 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Task and 
Exposure Time Statistic df Sig. Statistic df Sig. 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

.149 24 

.388 24 

.171 24 

.228 24 

.130 24 

.232 24 

.179 .903 

.000*** .660 

.069 .921 

.002 .715 

.200* .954 

.002 .812 

24 .026 

24 .063 

24 .338 

24 .000*** 

Indicates a lower bound of the true significance 
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Table BB3 

Analysis of Variance fot 

Source 

•performance on task, 

df 

Between 

exposure 

subjects 

time and 

F 

response 

^ 

mode 

P 

Response Mode (A) 

S within - group 
error 22 

1.19 

(935.08) 

.05 .286 

Within subjects 

Task (B) 

B X A 

B X A within-group 
error 

Time (C) 

C X A 

C X A within-group 
error 

B X C 

9.20 

0.37 

.294 

.02 

.001 

.693 

B X C X A 

44 

1 

1 

22 

2 

2 

(341.05) 

97.99*** 

2.05 

(259.35) 

** 
7.53 

0.73 

.81 

.085 

.255 

.032 

.000 

.166 

.002 

.485 

B X C X A within-group 
error 44 (158.21) 
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Response Time Data 

Table BB4 

Descriptive statistics for response times (after adjustments) on textual and graphical 
resDonse ontions for task and exvosure time 

Descriptive Statistics 

Task and 
Exposure Time N Range Minimum Maximum Mean 

Std. 
Deviation 

Textual 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

12 

12 

12 

12 

12 

12 

4291.37 

2169.81 

7605.82 

3620.73 

2653.03 

1810.53 

2738.18 

2288.55 

1172.13 

1824.67 

3213.87 

1962.07 

7029.55 

4458.36 

8777.95 

5445.40 

5866.90 

3772.60 

4551.85 

3312.73 

4777.38 

3337.52 

4251.79 

2911.28 

1412.35 

645.44 

2180.93 

1130.67 

1062.17 

649.27 

Graphical 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

12 

12 

12 

12 

3666.54 

1812.09 

5328.07 

1799.67 

2235.46 

1910.36 

2963.93 

2987.33 

5902.00 

3722.45 

8292.00 

4787.00 

3310.85 

2800.08 

4824.64 

3665.28 

1003.82 

633.67 

1518.08 

644.71 

Read 50 ms 12 3607.60 2874.20 6481.80 4007.24 1077.52 

Read 300 ms 12 755.27 2186.93 2942.20 2581.22 262.70 
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Table BB5 

Tests of normality for response times for task and exposure time, collapsed across 
response mode 

Tests of Normality 

Task and 
Exposure Time 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

Kolmogorov-Smirnov 

Statistic 

.169 

.130 

.233 

.199 

.205 

.177 

df 

24 

24 

24 

24 

24 

24 

Sig. 

.076 

.200* 

.002** 
* 

.015 

.011* 

.050 

Shapiro-Wilk 

Statistic df 

.881 

.955 

.651 

.923 

.803 

.866 

24 

24 

24 

24 

24 

24 

Sig. 

.009** 

.345 

#** 
.000 

.068 

.000*** 

.004 

* Indicates a lower bound of the true significance 

Table BB6 

Tests of normality for response times (after adjustments) times for task and exposure time, 
collapsed across response mode 

Tests of Normality 

Task and 
Exposure Time 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

Kolmogorov-Smirnov 

Statistic 

.123 

.080 

.122 

.182 

.179 

.109 

df 

24 

24 

24 

24 

24 

24 

Sig. 

.200* 

.200* 

* 
.200 

* 
.039 

.046* 
* 

.200 

Shapiro-Wilk 

Statistic df 

.913 

.979 

.960 

.946 

.887 

.944 

24 

24 

24 

24 

24 

24 

Sig. 

.042 

.877 

.433 

.221 

* 
.012 
.202 

Indicates a lower bound of the true significance 
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Table B7 

Analys, is of Variance for 

Source 

response times on task, 

df 

exposure 

F 

time and response 

V 
mode 

P 

Between subjects 

Response Mode (A) 

S within - group 
error 

1.16 .050 

22 

.293 

Within subjects 

Task (B) 

B X A 

B X A within-group 
error 

Time (C) 

C X A 

C X A within-group 
error 

B X C 

B X C X A 

B X C X A within-group 
error 

7.04 

3.18 

.242 

.126 

44 (1072117.4) 

1 47.85 .685 

1 0.81 .035* 

22 (1058147.6) 

2 1.51 .064 

2 0.84 .036* 

.002 

.051 

.000 

.379 

.233 

.433 

44 (592121.29) 
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Certainty Data 

Table BB8 

Descriptive statistics for certainty on textual and graphical response options for task and 
exposure time 

Descriptive Statistics 

Task and 
Exposure Time N Range Minimum Maximum Mean 

Std. 
Deviation 

Textual 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

12 

12 

12 

12 

12 

12 

49 

30 

46 

25 

48 

26 

51 

70 

54 

75 

52 

74 

100 

100 

100 

100 

100 

100 

74.75 

91.17 

79.50 

91.08 

76.67 

88.67 

17.34 

11.16 

15.74 

8.23 

15.70 

9.55 

Graphical 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

12 

12 

12 

12 

70 

44 

63 

32 

16 

53 

19 

65 

86 

97 

82 

97 

61.92 

79.92 

55.75 

81.50 

23.55 

14.92 

21.76 

10.17 

Read 50 ms 12 75 17 92 56.92 22.49 

Read 300 ms 12 30 70 100 89.00 10.07 
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Table BB9 

Tests of normality for certainty for task and exposure time collapsed across response 
mode 

Tests of Normality 

Task and 
Exposure Time 

Trend 50 ms 

Trend 300 ms 

Compare 50 ms 

Compare 300 ms 

Read 50 ms 

Read 300 ms 

Kolmo] 

Statistic 

.138 

.165 

.102 

.148 

.132 

.198 

gorov-

df 

24 

24 

24 

24 

24 

24 

-Smirnov 

Sig. 
* 

.200 
.088 

* 
.200 
.186 

* 
.200 

* 
.016 

Shapiro-Wilk 

Statistic 

.914 

.885 

.941 

.937 

.962 

.907 

df 

24 

24 

24 

24 

24 

24 

Sig. 

.043* 

.011 

.171 

.136 

.486 
* 

.030 
indicates a lower bound of the true significance 
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Table BB10 

Analysis of Variance for certainty on task, exposure time and response mode 

Source df F Jk. 

Between subjects 

Response Mode (A) 

S within - group 
error 

7.31 

22 

.249 .013 

Within subjects 

Task (B) 

B X A 

B X A within-group 
error 

Time (C) 

C X A 

C X A within-group 
error 

B X C 

B X C X A 

2 

2 

44 

1 

1 

22 

2 

2 

0.96 

1.21 

(124.05) 

48.45*** 

* 
4.64 

(276.91) 

.79 

2.87 

.004 

.052 

.688 

.174 

.035 

.115 

.908 

.307 

.000 

.043 

.460 

.068 

B X C X A within-group 
error 44 (93.42) 
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Error Data 

Table BB11 

Graph number and the number of participants who erred on each of the tasks, in each 
exposure time, in the textual response mode (n=12) 

Graph # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Trend 
50 ms 

12 
7 
6 
6 
4 
2 
4 
2 
2 
2 
4 
3 
3 
4 
2 

Trend 
300 ms 

9 
8 
10 
9 
1 
2 
3 
3 
1 
2 
1 
0 
2 
2 
2 

Compare 
50 ms 

5 
4 
4 
3 
10 
3 
3 
3 
6 
2 
8 
5 
6 
5 
3 

Compare 
300 ms 

1 
1 
2 
1 
6 
1 
1 
4 
2 
1 
3 
0 
2 
2 
1 

Read 
50 ms 

6 
6 
6 
7 
7 
9 
8 
5 
6 
8 
7 
4 
3 
8 
7 

Read 
300 ms 

3 
1 
3 
3 
2 
1 
3 
3 
3 
2 
4 
1 
0 
1 
2 
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Table BB12 

Graph number and the number of participants who erred on each of the tasks, in each 
exposure time, in the graphical response mode (n=12) 

Graph # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Trend 
50 ms 

10 
11 
10 
9 
2 
4 
2 
2 
2 
2 
4 
6 
2 
5 
1 

Trend 
300 ms 

5 
4 
3 
5 
1 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 

Compare 
50 ms 

5 
3 
2 
3 
6 
4 
5 
4 
6 
7 
8 
4 
4 
10 
5 

Compare 
300 ms 

1 
0 
0 
1 
2 
3 
2 
1 
0 
2 
2 
0 
1 
0 
2 

Read 
50 ms 

4 
5 
5 
7 
9 
6 
6 
6 
5 
2 
4 
8 
6 
5 
5 

Read 
300 ms 

1 
2 
1 
3 
0 
2 
1 
0 
0 
0 
1 
4 
0 
2 
0 
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Table BB13 

Descriptive statistics for certainty of correct and incorrect responses in each exposure 
time condition 

Descriptive Statistics 

Accuracy and 
Exposure Time N Range Minimum Maximum Mean 

Std. 

Deviation 

Textual 

Correct 50 ms 

Incorrect 50 ms 

Correct 300 ms 

Incorrect 300 ms 

10 

10 

10 

10 

74.38 

69.28 

42.63 

89.50 

16.25 

16.43 

54.64 

7.5 

90.63 

85.71 

97.27 

97.00 

60.57 

53.85 

78.26 

60.70 

25.79 

23.38 

14.09 

27.26 

Graphical 

Correct 50 ms 

Incorrect 50 ms 

Correct 300 ms 

Incorrect 300 ms 

12 

12 

12 

12 

72.5 

51.5 

31.11 

36.43 

27.50 

48.5 

68.89 

63.57 

100 

100 

100 

100 

72.43 

71.84 

92.88 

87.58 

21.81 

16.94 

10.12 

14.03 
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Table BB14 

Descriptive statistics for response times for correct and incorrect responses for each 
exposure time condition 

Descriptive Statistics 

Accuracy and 
Exposure Time N Range Minimum Maximum Mean 

Std. 
Deviation 

Textual 

Correct 50 ms 

Incorrect 50 ms 

Correct 300 ms 

Incorrect 300 ms 

10 

10 

10 

10 

2468.85 

5501.09 

1719.34 

4910.00 

2202.40 

2497.20 

1994.23 

1790.00 

4671.25 

7998.29 

3713.57 

6700.00 

2972.51 

4242.09 

2933.78 

4118.05 

719.89 

1588.38 

649.68 

1915.68 

Graphical 

Correct 50 ms 

Incorrect 50 ms 

12 

12 

6304.07 

8000.25 

2682.50 

2324.00 

8986.57 

10324.25 

4897.10 

5217.37 

1832.43 

2254.87 

Correct 300 ms 12 2169.81 2288.55 4458.36 3168.20 639.50 

Incorrect 300 ms 12 8343.75 2127.00 10515.75 4457.92 2243.69 
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Table BB15 

Analysis of Variance for 
and response modes 

Source 

certainty for correct and incorrect 

df 

Between 

F 

subjects 

responses, exposure 

n,2 

times 

P 

Response Mode (A) 

S within - group 
error 20 

8.01 

(6944.53) 

.286 .010 

Within subjects 

Accuracy (B) 

B X A 

B X A within-group 
Error 

Time (C) 

C X A 

C X A within-group 
Error 

B X C 

B X C X A 

B X C X A within-group 
error 

1 

1 

20 

1 

1 

20 

1 

1 

14.88 

5.53 

(83.41) 

** 
10.07 

0.37 

(499.61) 

3.182 

0.495 

.427 

.217 

.335 

.018 

.137 

* 
.024 

.001 

.029 

.005 

.550 

.090 

.490 

20 (103.48) 
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Table BB16 

Analysis of Variance for response 
times and response modes 

Source 

times for correct and incorrect 

df 

Between 

F 

subjects 

responses, 

V 

exposure 

P 

Response Mode (A) 

S within - group 
error 20 

3.64 

(4527895.24) 

.154 .071 

Within subjects 

Accuracy (B) 

B X A 

B X A within-group 
Error 

Time (C) 

C X A 

C X A within-group 
Error 

B X C 

B X C X A 

B X C X A within-group 
error 

1 

1 

>0 

1 

1 

16.14 

0.70 

(1394980.51) 

2.89 

2.22 

.447 

.034 

.105 

.100 

.001 

.414 

.126 

.152 

20 (3319154.64) 

1 0.66 .032 

1 

20 

0.95 

(1608415.02) 

.045 

.425 

.343 
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Correlations 
Table BB17 

Correlations between performance scores on the three different tasks, at 50- and 300 ms 
exposure times (collapsed across response mode) and Visual Patterns Test (VPT) and 
Group Embedded Figures Test (EFT) 

Trend Trend Comp Comp Read Read 
EFT 50 300 50 300 50 300 

Performance (iV=24) 

VPT .618" .153 .183 .339 .251 .219 -.071 

EFT - .514* .311 .215 .181 .324 .001 

* indicates p < .05, indicates p < .01 

Table BB 18 

Correlations between response times, on the three different tasks, at 50- and 300 ms 
exposure times (collapsed across response mode) and Visual Patterns Test (VPT) and 
Group Embedded Figures Test (EFT) 

Trend Trend Comp Comp Read Read 
EFT 50 300 50 300 50 300 

Response Times (JV=24) 

VPT .618" ^245 7064 ^064 ^228 ^95 -.107 

EFT - -.320 -.122 .115 -.086 .203 .110 

* indicates p < .05, indicates p < .01 
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Table BB19 

Correlations between certainty ratings on the three different tasks, at 50- and 300 ms 
exposure times (collapsed across response mode) and Visual Patterns Test (VPT) and 
Group Embedded Figures Test (EFT) 

Trend Trend Comp Comp Read Read 
EFT 50 300 50 300 50 300 

Certainty (JV=24) 

VPT .618** .305 .022 .115 .211 -.041 .255 

EFT - .182 .067 -.037 .023 -.136 .004 

* indicates p < .05, indicates p < .01 
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Appendix C 

This Appendix contains the experimental task instructions for Experiment 1 and all other 
materials used were provided before. 

All performance, response time and certainty data are also provided in this Appendix. 

Performance data includes: descriptive statistics (Table CI), tests of normality (Table C2 
& C3), ANOVA table (Table C4). 

Response time data includes: descriptive statistics (Table C5), tests of normality (Table 
C6 & C7), ANOVA table (Table C8). 

Certainty data includes: descriptive statistics (Table C9), tests of normality (Table CIO & 
CI 1), ANOVA table (Table C12). 

Data used for the analysis of errors is presented in Tables CI 3, C14 and CI 5 and 
information for the Mest for illusory conjunctions is presented in Table CI6. 

Correlation tables are shown for relations between task and response time conditions and 
both the Visual Pattern Test and the Group Embedded Figures Test using: performance 
scores (Table CI7), response times (Table CI 8) and certainty ratings (Table CI9). 



Do Separable Dimensions Matter? 229 

Instructions 
(Same for subsequent experiments but description of distracters was amended to include, 

red or black, thick or thin) 

Introductory Instructions 

You will see a line graph very briefly. Each graph 
has two lines: one will have direction changes 

and one will always be perfectly straight. The one 
you are to pay attention to is the one with direction 

changes and not the straight line. The line with 
direction changes will always be black, whilst the 

straight ones will be red or black. You are only interested 
in trend of the crooked black line. You will then be 
presented with four options and your job is to choose 

the description of the trend that best describes the 
crooked black line you saw in the line graph. 

You will then be asked how certain you are of your choice. 
When you are done, press the spare bar to move 

on to the next line graph. You will do this for each 
graph until you have worked through all the graphs. 

Do you have any questions? 
When you are ready to begin, press the space bar. 

[practice graphs completed] 

Thanks! 
You're done with the practice section. 

Do you have any questions? 

If you are ready to continue to the test graphs, 
press the space bar. 
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Performance Data 

Table CI 

Descriptive statistics for performance (after adjustments) on color, orientation and size 
of distracter lines 

Descriptive Statistics 

Distracter 
Characteristics 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

N 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Range Minimum Maximum 

Red Distracters 1 

50.00 

33.34 

41.67 

50.00 

41.67 

34.86 

41.67 

50.00 

41.67 

33.33 

50.00 

56.81 

Black Distracters 

41.67 

66.66 

34.91 

50.00 

41.67 

33.34 

33.33 

41.67 

yv=io) 

91.67 

83.34 

83.34 

83.33 

91.67 

91.67 

(W=10) 

83.34 

100.00 

68.24 

91.67 

Mean 

59.17 

66.67 

62.50 

60.83 

72.50 

79.02 

64.17 

59.17 

50.16 

63.34 

Std. 
Deviation 

14.41 

9.62 

15.34 

17.59 

14.19 

10.19 

15.74 

20.95 

9.93 

15.81 

Flat thin 10 50.00 41.67 91.67 77.50 15.74 

Flat thick 10 41.66 58.34 100.00 78.34 12.55 
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Table C2 

Tests of normality for performance on color, orientation and size ofdistracter lines 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.238 

.200 

.113 

.190 

.170 

.383 

10 

10 

10 

10 

10 

10 

.115 

.200 

* 
.200 
.200 

* 
.200 
.000 

.862 

.953 

.928 

.928 

.939 

.675 

10 

10 

10 

10 

10 

10 

.080 

.703 

.426 

.424 

.541 

.000 

Black Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.254 

.269 

.263 

.184 

.244 

.155 

10 

10 

10 

10 

10 

10 

.066 

.039 

.048 
* 

.200 

.092 
* 

.200 

.867 

.894 

.811 

.942 

.841 

.969 

10 

10 

10 

10 

10 

10 

.093 

.187 

.020 

.573 

.045 

.886 

*Indicates a lower bound of the true significance 
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Table C3 

Tests of normality for performance (after adjustments) on color, orientation and s 
distracter lines 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.238 10 

.200 10 

.113 10 

.190 10 

.170 10 

.247 10 

.254 10 

.269 10 

.206 10 

.184 10 

.244 10 

.155 10 

.115 .862 

.200* .953 

.200* .928 

.200* .928 

.200* .939 

.086 .878 

.066 .867 

.039 .894 

.200* .952 

.200* .942 

.092 .841 

.200* .969 

10 .080 

10 .703 

10 .426 

10 .424 

10 .541 

10 .123 

10 .093 

10 .187 

10 .697 

10 .573 

10 .045 

10 .886 

Black Distracters 

^Indicates a lower bound of the true significance 
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Table C4 

Analysis of Variance for performance on distracter color, orientation and size 

Source df F Jk. 

Within Subjects 

Orientation (A) 

A within-group 
error 

Size (B) 

B within-group 
Error 

Color (C) 

C within-group 
error 

A X B 

A X B within-group 
error 

A X C 

A X C within-group 
error 

B X C 

B X C within-group 
error 

A X B X C 

20.58 .695 .000 

18 (172.34) 

1 3.28 .267 

9 

1 

9 

2 

18 

2 

18 

1 

9 

2 

(115.79) 

1.42 

(37.82) 

0.53 

(95.64) 

0.96 

(130.48) 

.05 

(202.87) 

* 
3.78 

.136 

.055 

.096 

.005 

.103 

.264 

.597 

.401 

.836 

.295 .043 

A X B X C within-group 
error (133.97) 
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Response Time Data 

Table C5 

Descriptive statistics for response times (after adjustments) on distracter color, 
orientation and size 

Descriptive Statistics 

Distracter Std. 

Characteristics N Range Minimum Maximum Mean Deviation 

Red Distracters 

Consistent thin 10 3090.00 2822.42 5912.42 3725.57 928.09 

Consistent thick 10 3151.33 2853.92 6005.25 4062.42 958.87 

Inconsistent thin 10 4337.92 2456.50 6794.42 3816.20 1353.52 

Inconsistent thick 10 2791.92 2148.83 4940.75 3423.08 886.42 

Flat thin 10 1175.08 2819.00 3994.08 3170.81 382.49 

Flat thick 10 2650.67 2462.58 5113.25 3420.58 987.23 

Black Distracters 

Consistent thin 10 3503.41 3072.67 6576.08 4137.59 1020.90 

Consistent thick 10 1750.83 2849.42 4600.25 3666.85 532.98 

Inconsistent thin 10 3491.66 3049.92 6541.58 4971.46 1113.77 

Inconsistent thick 10 3360.25 2512.33 5872.58 4119.11 1173.62 

Flat thin 10 3341.09 2238.08 5579.17 3697.42 884.03 

Flat thick 10 2453.00 2445.33 4898.33 3596.89 724.27 

* Indicates a lower bound of the true significance 
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Table C6 

Tests of normality for response times on distracter color, orientation and size 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.169 10 

.197 10 

.169 10 

.177 10 

.278 10 

.255 10 

.217 10 

.130 10 

.237 10 

.159 10 

.181 10 

.213 10 

.200 .859 

.200* .938 

.200* .885 

.200* .952 

.027 .672 

.064 .863 

.198 .853 

.200* .980 

.119 .908 

.200* .941 

.200* .948 

.200* .957 

10 .074 

10 .532 

10 .148 

10 .689 

10 .000 

10 .082 

10 .063 

10 .964 

10 .270 

10 .567 

10 .648 

10 .747 

Black Distracters 

* Indicates a lower bound of the true significance 
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Table C7 

Tests of normality for response times (after adjustments) on distracter color, orientation 
and size 

Tests of Normality 

Distracter 
Characteristics 

Kolmogorov-Smirnov 

Statistic df Sig. 

Shapiro-Wilk 

Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.169 

.197 

.169 

.177 

.213 

.255 

10 

10 

10 

10 

10 

10 

* 
.200 

* 
.200 

* 
.200 

* 
.200 

* 
.200 
.064 

.859 

.938 

.885 

.952 

.859 

.863 

10 

10 

10 

10 

10 

10 

.074 

.532 

.148 

.689 

.075 

.082 

Black Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.217 

.130 

.237 

.159 

.181 

.213 

10 

10 

10 

10 

10 

10 

.198 
* 

.200 

.119 
* 

.200 

.200 
* 

.200 

.853 

.980 

.908 

.941 

.948 

.957 

10 

10 

10 

10 

10 

10 

.063 

.964 

.270 

.567 

.648 

.747 

indicates a lower bound of the true significance 
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Table C8 

Analysis of Variance for response times on distracter color, orientation an 

Source df F r\p
2 

id size 

P 

Within subjects 

Orientation (A) 

A within-group 
error 

Size (B) 

B within-group 
Error 

Color (C) 

C within-group 
error 

A X B 

A X B within-group 
error 

A X C 

A X C within-group 
error 

B X C 

B X C within-group 
error 

A X B X C 

A X B X C within-group 
error 

4.90 .353 

18 (801152.08) 

1 3.97 .306 

9 (317659.37) 

1 7.10* .441 

9 (775301.58) 

2 2.66 .228 

18 (510582.68) 

2 5.79* .391 

18 (371329.89) 

1 4.87 .351 

9 (447648.21) 

2 0.32 .034 

18 (444966.43) 

.020 

.077 

.026 

.097 

.011 

.055 

.730 
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Certainty Data 

Table C9 

Descriptive statistics for certainty (after adjustments) on distracter color, orientation and 
size 

Descriptive Statistics 

Distracter 
Characteristics N Range Minimum Maximum Mean 

Std. 
Deviation 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

10 

10 

10 

10 

10 

10 

54.59 

52.50 

60.17 

60.67 

35.44 

32.88 

22.08 

34.17 

26.25 

25.83 

50.31 

55.45 

76.67 

86.67 

86.42 

86.50 

85.75 

88.33 

64.01 

64.43 

66.18 

66.83 

70.90 

75.36 

17.04 

14.28 

18.78 

17.82 

11.369 

10.12 

Black Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

10 

10 

10 

10 

10 

10 

67.41 

56.25 

47.83 

53.67 

70.33 

59.83 

27.92 

31.25 

15.17 

25.83 

24.17 

23.75 

95.33 

87.50 

63.00 

79.50 

94.50 

83.58 

67.16 

64.82 

42.82 

64.60 

66.35 

65.75 

17.61 

16.69 

12.94 

17.21 

20.10 

17.47 
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Table CIO 

Tests of normality for certainty on distracter color, orientation and size 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.229 10 

.208 10 

.246 10 

.207 10 

.265 10 

.316 10 

.200 10 

.186 10 

.179 10 

.235 10 

.208 10 

.221 10 

.147 .769 

.200* .918 

.089 .865 

.200* .872 

.045 .812 

.006 .753 

.200* .914 

.200* .953 

.200* .944 

.124 .831 

.200* .924 

.182 .846 

10 .006 

10 .344 

10 .087 

10 .107 

10 .020 

10 .004 

10 .310 

10 .705 

10 .594 

10 .034 

10 .387 

10 .052 

Black Distracters 

*Indicates a lower bound of the true significance 
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Table CI 1 

Tests of normality for certainty (after adjustments) on distracter color, orientation am 
size 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 
Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Red Distracters 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.229 10 

.208 10 

.246 10 

.207 10 

.155 10 

.221 10 

.200 10 

.186 10 

.179 10 

.235 10 

.208 10 

.221 10 

.147 .769 

.200* .918 

.089 .865 

.200* .872 

.200* .949 

.184 .927 

.200* .914 

.200* .953 

.200* .944 

.124 .831 

.200* .924 

.182 .846 

10 .006 

10 .344 

10 .087 

10 .107 

10 .657 

10 .417 

10 .310 

10 .705 

10 .594 

10 .034 

10 .387 

10 .052 

Black Distracters 

* Indicates a lower bound of the true significance 
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Table CI2 

Analysis of Variance for certainty on distracter color, orientation and size 

Source df F np
2 

P 

Within subjects 

Orientation (A) 

A within-group 
error 

Size (B) 

B within-group 
Error 

Color (C) 

C within-group 
error 

A X B 

A X B within-group 
error 

A X C 

A X C within-group 
error 

B X C 

14.46 .613 .000 

18 (62.26) 

1 86.06*" .905 

9 

1 

(5.75) 

14.81 

(73.79) 

8.30 

18 

2 

18 

1 

(48.74) 

** 
9.37 

(57.45) 

3.60 

.622 

.479 

.510 

.000 

.004 

.003 

.002 

.286 .090 

B X C within-group 
error 

A X B X C 

(41.02) 

16.44 .646 .000 

A X B X C within-group 
error 18 (32.00) 
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Error Analysis 

Table CI3 

Number of errors of magnitude (small vs. sharp slope) on each graph for dis trader size, 
orientation and color 

Distracter 
Size: Thin Thick 
Distracter 
Orientation: Consistent Inconsistent Flat Consistent Inconsistent Flat 
Target 
Orientation: Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg 

Graph Mag 

Black Distracters (N = 10) 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
8 
2 
4 
2 
2 

0 
6 
1 
2 
3 
2 

1 
4 
2 
3 
3 
0 

0 
5 
1 
2 
2 
2 

1 
3 
1 
2 
1 
2 

3 
4 
4 
1 
1 
1 

0 
8 
0 
4 
1 
1 

0 
8 
2 
1 
2 
3 

4 
6 
2 
0 
2 
0 

1 
7 
2 
2 
1 
2 

1 
3 
1 
2 
1 
2 

3 
4 
4 
1 
1 
0 

Red Distracters (N = 10) 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

0 
7 
2 
3 
2 
1 

0 
6 
2 
0 
1 
3 

3 
8 
1 
2 
1 
1 

1 
8 
0 
3 
1 
3 

2 
4 
5 
0 
0 
1 

2 
6 
1 
2 
1 
0 

2 
6 
0 
1 
2 
3 

2 
8 
1 
0 
1 
2 

0 
9 
2 
1 
3 
1 

1 
9 
4 
2 
1 
5 

4 
5 
3 
1 
0 
0 

4 
5 
1 
3 
1 
0 
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Table C14 

Number of errors of direction (increase vs. decrease) ) on each graph for distracter size, 
orientation and color 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent Flat 

Pos Neg Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 

Black Distracters (N = = 10) 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
0 
1 
0 
0 
2 

2 
0 
0 
0 
1 
3 

0 
3 
1 
4 
1 
1 

1 
0 
1 
2 
1 
2 

0 
2 
1 
2 
0 
1 

0 
1 
1 
0 
1 
0 

1 
0 
1 
0 
0 
0 

1 
0 
0 
2 
0 
1 

1 
0 
1 
2 
1 
4 

0 
0 
0 
2 
0 
0 

0 
0 
0 
1 
1 
0 

0 
0 
0 
0 
0 
0 

Red Distracters (N = 10) 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

2 
0 
0 
2 
0 
3 

2 
0 
0 
1 
0 
0 

0 
0 
1 
1 
0 
5 

0 
0 
0 
2 
1 
2 

0 
1 
0 
0 
1 
0 

0 
0 
0 
0 
0 
1 

1 
0 
2 
1 
0 
1 

2 
0 
0 
0 
1 
1 

0 
0 
0 
1 
0 
5 

0 
0 
0 
0 
1 
0 

0 
0 
1 
0 
2 
1 

0 
0 
0 
1 
0 
0 
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Table CI5 

Number of errors of both (magnitude & direction) on each graph for distracter size, 
orientation and color 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Graph 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

Mag 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

Consistent 

Pos 

1 
0 
0 
0 
0 
0 

2 
0 
0 
0 
0 
1 

Neg 

0 
1 
0 
3 
1 
0 

2 
0 
1 
0 
0 
2 

Thin 

Inconsistent 

Pos 

0 

0 
0 
0 
0 
0 
0 

Neg 

Flat 

Pos Neg 

Black Distracters (N : 

1 
0 
1 
1 
0 
2 

1 
0 
2 
0 
0 
0 

Red Distracter! 
0 
1 
0 
0 
1 
0 

1 
0 
0 
1 
0 
0 

0 
0 
0 
0 
0 
1 

5(N = 
0 
1 
0 
0 
0 
0 

Consistent 

Pos 

= 10) 
1 
1 
0 
0 
0 
2 

10) 
3 
0 
0 
0 
0 
1 

Neg 

3 
0 
0 
2 
0 
0 

2 
0 
0 
1 
0 
0 

Thick 

Inconsistent 

Pos 

0 
1 
1 
2 
0 
0 

0 
0 
0 
0 
0 
0 

Neg 

0 
0 
0 
1 
1 
1 

0 
0 
0 
0 
1 
0 

Flat 

Pos 

1 
0 
1 
0 
0 
0 

1 
0 
0 
1 
0 
0 

Neg 

1 
0 
1 
0 
0 
0 

0 
1 
0 
0 
0 
0 

Table CI6 

T-testfor illusory conjunctions (testing for errors of direction between red inconsistent 
and black inconsistent orientations) (n=12) 

Mean Std. Std. Error Lower Upper 
Deviation Mean CI CI 

t df 

-.50000 1.83402 .52944 -1.66528 .66528 -.944 11 .365 
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Correlations 
Table CI7 

Correlations between performance on distracter conditions (e.g., red consistent thin 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Red 
con 

EFT thin 

Red 
con 

thick 

Red 
incon 
thin 

Red Red Red Black Black Black Black Black Black 
incon flat flat con con incon incon flat flat 
thick thin thick thin thick thin thick thin thick 

Performance (iV=10) 

VPT 

EFT 

.148 -.282 

- -.021 

.346 

.079 

.347 

.131 

.273 -.385 .444 .372 .092 .038 .164 .474 .112 

.034 .224 .188 -.214 .034 .394 .013 -.042 .184 

Table CI8 

Correlations between response times on distracter conditions (e.g., red consistent thin 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Red 
con 

EFT thin 

Red 
con 

thick 

Red 
incon 
thin 

Red Red Red Black Blac Black Black Black Black 
incon flat flat con kcon incon incon flat flat 
thick thin thick thin thick thin thick thin thick 

Response Times (iV=10) 

VPT 

EFT 

.148 .133 

- .064 

.318 

.104 

-.032 

-.217 

.367 .339 .071 .197 .316 .120 .711* .307 -.059 

-.140 -.079 -.370 -.096 -.167 -.616 -.206 .113 -.196 
* indicates p < .05 
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Table CI9 

Correlations between certainty ratings on distracter conditions (e.g., red consistent thin 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Red Red Red Red Red Red Black Black Black Black Black Black 
con con incon incon flat flat con con incon incon flat flat 

EFT thin thick thin thick thin thick thin thick thin thick thin thick 

Certainty (N= 10) 

VPT .148 -.314 -.342 -.167 -.418 -.466 -.008 -.216 -.328 -.389 -.179 -.174 -.202 

EFT - -.087 -.034 .085 .054 .011 .136 -.056 -.123 .240 .165 .051 .076 



Do Separable Dimensions Matter? 247 

Appendix D 

This Appendix contains Experiment 2 data as all other materials used were provided 
before. 

All performance, response time and certainty data are provided in this Appendix. 

Performance data includes: descriptive statistics (Table Dl), tests of normality (Table 
D2), ANOVA table (Table D3). 

Response time data includes: descriptive statistics (Table D4), tests of normality (Table 
D5 & D6), ANOVA table (Table D7). 

Certainty data includes: descriptive statistics (Table D8), tests of normality (Table D9), 
ANOVA table (Table D10). 

Data used for the analysis of errors is presented in Tables Dl 1, D12 and D13 and 
information for the Rest for illusory conjunctions is presented in Table D14. 

Correlation tables are shown for relations between task and response time conditions and 
both the Visual Pattern Test and the Group Embedded Figures Test using: performance 
scores (Table D15), response times (Table D16) and certainty ratings (Table D17). 
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Performance Data 
Table Dl 

Descriptive statistics for performance on distracter color and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean Std. Deviation 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

Table D2 

14 

14 

14 

14 

14 

14 

33.33 

25.00 

16.67 

33.34 

33.33 

25.00 

91.67 

75.00 

66.67 

91.67 

83.34 

83.34 

67.26 

57.15 

50.00 

65.48 

63.10 

58.93 

18.04 

14.93 

14.25 

18.45 

15.58 

19.46 

Tests of normality for performance on distracter color and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

.237 

.167 

.149 

.240 

.234 

.181 

14 

14 

14 

14 

14 

14 

.031 
* 

.200 

.200 

.028 

.037 
* 

.200 

.887 

.926 

.915 

.918 

.880 

.910 

14 

14 

14 

14 

14 

14 

.072 

.268 

.186 

.204 

.058 

.158 

Indicates a lower bound of the true significance 
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Table D3 

Analysis of Variance for performance on distracter color and orientation 

Source df F r\^_ p 

Within Subjects 

Orientation (A) 2 .95 .002 .398 

A within-group 
error 26 (149.51) 

Color (B) 1 .031 .068 .864 

B within-group 
error 13 (108.36) 

A X B 2 9.13" .413 .001 

A X B within-group 
error 26 (137.54) 
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Response Time Data 

Table D4 

Descriptive statistics for response times (after adjustments) on distracter color and 
orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean Std. Deviation 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

Table D5 

14 

14 

14 

14 

14 

14 

2906.75 

2766.92 

2802.50 

2771.58 

3038.92 

2557.33 

8065.42 

8547.67 

8637.76 

7990.50 

7273.58 

8184.82 

5137.56 

5129.89 

5380.19 

4522.15 

4457.71 

4662.64 

1576.44 

1782.52 

1623.87 

1463.17 

1333.52 

1727.69 

Tests of normality for response times on distracter color and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

.232 

.232 

.158 

.169 

.190 

.264 

14 

14 

14 

14 

14 

14 

.040 

.039 

.200 

.200 

.185 

.009 

.787 

.746 

.940 

.916 

.891 

.718 

14 

14 

14 

14 

14 

14 

.003 

.001 

.417 

.190 

.083 

.001 

^Indicates a lower bound of the true significance 
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Table D6 

Tests of normality response times (after adjustments) on distracter color and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

.154 

.143 

.158 

.169 

.190 

.160 

14 

14 

14 

14 

14 

14 

.200 
* 

.200 

.200 
* 

.200 

.185 
* 

.200 

.934 

.965 

.940 

.916 

.891 

.928 

14 

14 

14 

14 

14 

14 

.345 

.808 

.417 

.190 

.083 

.283 

*Indicates a lower bound of the true significance 

Table D7 

Analysis of Variance for response times on distracter color and orientation 

Source df F np P 

Within Subjects 

Orientation (A) 

A within-group 
error 

Color (B) 

B within-group 
error 

A X B 

A X B within-group 
error 26 

2.35 

(503554.00) 

.152 

26 (1023969.7) 

1 2.21 .145 

13 (461183.21) 

2 4.40* .252 

.116 

.161 

.023 
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Certainty Data 

Table D8 

Descriptive statistics for certainty on distracter color and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean Std. Deviation 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

Table D9 

14 

14 

14 

14 

14 

14 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

100.00 

96.00 

95.00 

98.75 

96.67 

97.92 

64.69 

64.21 

59.00 

62.25 

64.55 

66.32 

23.60 

23.88 

25.07 

25.05 

23.76 

23.77 

Tests of normality for certainty on distracter color and orientation 

Tests of Normality 

Kolmogoro v- Smirnov 

Distracter 
Characteristics Statistic df Sig. 

Shapiro-Wilk 

Statistic df Sig. 

Consistent Black 

Consistent Red 

Inconsistent Black 

Inconsistent Red 

Flat Black 

Flat Red 

.102 

.161 

.145 

.146 

.196 

.158 

14 

14 

14 

14 

14 

14 

.200 
* 

.200 

.200 

.200 

.150 
* 

.200 

.963 

.933 

.964 

.960 

.927 

.939 

14 

14 

14 

14 

14 

14 

.765 

.333 

.780 

.726 

.276 

.401 

indicates a lower bound of the true significance 
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Table D10 

Analysis of Variance for certainty on distracter color and orientation 

Source df F np P 

Within Subjects 

** Orientation (A) 2 6.18 .322 .006 

A within-group 

error 26 (29.28) 

Color (B) 1 1.53 .105 .238 

B within-group 

error 13 (31.40) 

A X B 2 .88 .064 .365 

A X B within-group 
error 26 (27.93) 
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Error Analysis 

Table Dl l 

Number of errors of magnitude (small vs. sharp slope) on distracter color and orientation 

Distracter 
Color: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Black 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Red 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

2 
8 
2 
8 
4 
4 

0 
12 
1 
5 
2 
5 

5 
9 
2 
4 
2 
3 

4 
6 
5 
0 
2 
7 

5 
6 
4 
3 
6 
4 

3 
5 
9 
9 
1 
1 

0 
10 
1 
5 
4 
1 

0 
8 
13 
5 
0 
3 

1 
9 
5 
1 
4 
3 

1 
7 
0 
2 
4 
8 

0 
10 
3 
2 
7 
3 

1 
7 
8 
1 
0 
5 

Table D12 

Number of errors of direction (increase vs. decrease) on distracter color and orientation 

Distracter 
Color: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Black 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Red 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

0 
0 
0 
1 
0 
2 

1 
1 
0 
2 
0 
3 

1 
1 
4 
0 
5 
2 

0 
0 
3 
4 
0 
3 

0 
2 
1 
1 
1 
3 

1 
2 
1 
1 
1 
2 

3 
0 
2 
4 
1 
3 

2 
2 
0 
3 
0 
2 

6 
1 
0 
2 
0 
2 

3 
2 
1 
3 
0 
2 

7 
0 
0 
2 
1 
2 

6 
0 
1 
1 
4 
2 
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Table Dl 3 

Number of errors of both (magnitude & direction) on distracter color and orientation 

Distracter 
Color: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Black 

Inconsistent 

Pos Neg 

Flat Consistent 

Pos Neg Pos Neg 

Red 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
1 
1 
1 
0 
0 

2 
0 
2 
1 
0 
0 

2 
3 
2 
5 
3 
0 

2 
2 
2 
5 
1 
1 

1 
0 
1 
0 
1 
1 

1 
0 
1 
4 
1 
1 

2 
0 
2 
1 
1 
2 

3 
1 
0 
1 
2 
0 

0 
0 
0 
0 
0 
0 

1 
1 
2 
2 
1 
1 

1 
1 
1 
0 
1 
1 

0 
1 
2 
2 
0 
0 

Table Dl4 

T-testfor illusory conjunctions (testing for errors of direction between red inconsistent 
and black inconsistent orientations)(n=12) 

Mean Std. Std. Error Lower Upper t df p 
Deviation Mean CI CI 

.08333 2.84312 .82074 -1.72310 1.88977 .102 11 .921 
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Table Dl5 

Correlations between performance on distracter conditions (e.g., red consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

EFT 
Black Red Black Red 
con con incon incon 

Black 
flat 

Red 
flat 

Performance (7V=14) 

VPT 

EFT 

* 

.537 

1 

.466 .462 .180 .529 

.067 .426 .584* .582* 

.503 

.785 

.109 

.444 
indicates p < .05 

Table Dl6 

Correlations between response times on distracter conditions (e.g., red consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

EFT 
Black 
con 

Red 
con 

Black Red 
incon incon 

Black 
flat 

Red 
flat 

Response Times (JV=14) 

VPT 

EFT 

* 

.537 

1 

-.589 

-.838 

-.513 

-.659* 

-.222 -.427 

-.791 -.818 

* 

-.535 

-.864 

-.289 

** 
-.761 

* indicates p < .05, ** indicates, p < .001 

Table Dl7 

Correlations between certainty ratings on distracter conditions (e.g., red consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

EFT 
Black 
con 

Red 
con 

Black 
incon 

Red 
incon 

Black 
flat 

Red 
flat 

Certainty (N= 14) 

VPT 

EFT 

* 
.537 

1 

.043 

.005 

-.021 

-.024 

.189 

.081 

.091 

-.015 

.019 

.064 

-.016 

.026 
* indicates p < .05 
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Appendix E 

This Appendix contains Experiment 3 data as all other materials used were provided 
before. 

All performance, response time and certainty data are provided in this Appendix. 

Performance data includes: descriptive statistics (Table El), tests of normality (Table E2), 
ANOVA table (Table E3). 

Response time data includes: descriptive statistics (Table E4), tests of normality (Table 
E5), ANOVA table (Table E6). 

Certainty data includes: descriptive statistics (Table E7), tests of normality (Table E8 & 
E9), ANOVA table (Table E10). 

Data used for the analysis of errors is presented in Tables E l l , E12 and El 3 and 
information for the t-test for illusory conjunctions is presented in Table El4. 

Correlation tables are shown for relations between task and response time conditions and 
both the Visual Pattern Test and the Group Embedded Figures Test using: performance 
scores (Table El5), response times (Table El6) and certainty ratings (Table El7). 
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Performance Data 

Table El 

Descriptive statistics for performance on distracter size and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean 

Std. 
Deviation 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Table E2 

12 

12 

12 

12 

12 

12 

41.67 

25.00 

41.67 

33.34 

41.67 

33.34 

83.34 

83.34 

91.67 

91.67 

83.33 

91.67 

68.75 

63.89 

64.59 

60.42 

63.20 

65.98 

13.82 

16.41 

16.71 

16.71 

16.07 

14.41 

Tests of normality for performance on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.258 

.234 

.229 

.146 

.185 

.269 

12 

12 

12 

12 

12 

12 

.027 

.069 

.082 
* 

.200 

.200 

.016 

.888 

.896 

.922 

.967 

.880 

.905 

12 

12 

12 

12 

12 

12 

.109 

.142 

.306 

.875 

.087 

.183 

* Indicates a lower bound of the true significance 



Do Separable Dimensions Matter? 259 

Table E3 

Analysis of Variance for performance on distracter orientation and size 

Source df F rj^ p 

Within Subjects 

Orientation (A) 2 0.52 .044 .604 

A within-group 
error 22 (169.83) 

Size(B) 1 0.84 .071 .348 

B within-group 
error 11 (92.83) 

A X B 2 1.11 .091 .348 

A X B within-group 
error 22 (96.52) 
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Response Time Data 

Table E4 

Descriptive statistics for response times on distracter size and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean 

Std. 
Deviation 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Table E5 

12 

12 

12 

12 

12 

12 

3008.08 

2489.50 

2436.75 

2549.00 

2410.67 

2736.67 

7126.92 

5903.00 

7458.25 

6717.17 

5760.75 

5943.17 

4753.35 

4505.01 

4320.70 

4351.83 

3976.38 

4040.75 

1184.86 

1168.76 

1372.27 

1297.14 

1083.28 

984.26 

Tests of normality for response times on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnova Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.145 

.210 

.170 

.178 

.129 

.153 

12 

12 

12 

12 

12 

12 

.200 

.150 

.200 
* 

.200 

* 
.200 

* 
.200 

.971 

.916 

.925 

.930 

.946 

.955 

12 

12 

12 

12 

12 

12 

.924 

.258 

.334 

.375 

.583 

.713 

*Indicates a lower bound of the true significance 
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Table E6 

Analysis of Variance for response times on distracter size and orientation 

Source df F np
2 

P 

Within Subjects 

Orientation (A) 

A within-group 
error 

Size (B) 

B within-group 
error 

A X B 

A X B within-group 
error 

4.62 .295 

22 (500879.82) 

1 .07 .0066 

11 (630855.27) 

2 0.25 .022 

22 (706335.65) 

.021 

.791 

.781 
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Certainty Data 

Table E7 

Descriptive statistics for certainty (after adjustments) on distracter size and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean 

Table E8 

Std. 
Deviation 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

12 

12 

12 

12 

12 

12 

24.33 

33.00 

31.00 

35.83 

32.17 

25.83 

85.42 

85.00 

76.00 

78.33 

86.67 

84.92 

64.94 

64.84 

61.87 

62.56 

63.97 

65.48 

19.12 

18.48 

17.89 

15.93 

19.33 

20.90 

Tests of normality for certainty on distracter size and orientation 

Tests of Normality 

Kolmogoro v- Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.319 

.345 

.295 

.319 

.306 

.274 

12 

12 

12 

12 

12 

12 

.001 

.000 

.005 

.001 

.003 

.013 

.782 

.800 

.742 

.747 

.827 

.781 

12 

12 

12 

12 

12 

12 

.006 

.009 

.002 

.003 

.019 

.006 

indicates a lower bound of the true significance 
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Table E9 

Test of normality for certainty (after adjustments) on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.286 

.318 

.259 

.288 

.270 

.255 

12 

12 

12 

12 

12 

12 

.008 

.001 

.026 

.007 

.016 

.030 

.823 

.816 

.743 

.757 

.837 

.800 

12 

12 

12 

12 

12 

12 

.017 

.014 

.002 

.003 

.026 

.009 

*Indicates a lower bound of the true significance 

Table El0 

Analysis of Varian 

Source 

ice for certainty on distracter size and orientation 

df F n0
2 

P 

Within Subjects 

Orientation (A) 1.74 .136 .199 

A within-group 
error 

Size (B) 

B within-group 
error 

A X B 

22 

1 

11 

2 

(30.88) 

0.29 

(31.02) 

0.19 

.025 .604 

.0166 .832 

A X B within-group 
error 22 (20.99) 
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Error Analysis 

Table El l 

Number of errors of magnitude (small vs. sharp slope) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
8 
1 
0 
2 
3 

0 
6 
1 
0 
2 
5 

2 
8 
4 
5 
2 
0 

2 
5 
3 
3 
3 
0 

3 
4 
3 
1 
1 
0 

5 
5 
2 
2 
1 
2 

0 
5 
2 
2 
2 
1 

1 
6 
0 
2 
3 
3 

3 
9 
4 
5 
1 
3 

1 
8 
3 
5 
0 
6 

1 
5 
3 
1 
2 
1 

1 
4 
3 
3 
2 
0 

Table El2 

Number of errors of direction (increase vs. decrease) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

0 
0 
0 
1 
0 
3 

2 
0 
0 
3 
1 
1 

1 
1 
0 
0 
1 
2 

0 
3 
0 
1 
0 
4 

1 
1 
0 
1 
1 
1 

0 
1 
0 
0 
0 
1 

2 
0 
0 
3 
0 
4 

2 
0 
0 
1 
0 
0 

0 
0 
0 
1 
0 
0 

0 
0 
2 
0 
1 
1 

0 
0 
0 
0 
0 
1 

0 
0 
1 
1 
1 
2 
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Table El3 

Number of errors of both (magnitude & direction) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

2 
0 
0 
2 
0 
0 

1 
0 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 

0 
0 
1 
1 
1 
0 

1 
1 
0 
1 
1 
1 

0 
1 
0 
0 
0 
1 

2 
0 
1 
1 
1 
1 

2 
2 
1 
0 
1 
2 

0 
0 
0 
1 
1 
1 

0 
1 
0 
2 
0 
0 

Table E14 

T-testfor illusory conjunctions (testing for errors of direction on red inconsistent 
compared to black inconsistent orientations) 

Mean Std. Std. Error Lower Upper t df p 
Deviation Mean CI CI 

.66667 1.55700 .44947 -.32260 1.65594 1.483 11 .166 

0 0 
0 0 
0 1 
0 1 
0 1 
1 2 
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Correlations 

Table El5 

Correlations between performance on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

EFT 
Thin Thick Thin Thick 
con con incon incon 

Thin 
flat 

Thick 
flat 

Performance (iV=12) 

VPT 

EFT 

.558 

1 

.046 -.207 .394 .470 

.440 .197 .509 .594* 

.119 

.164 

.162 

.463 

* indicates p < .05 

Table El6 

Correlations between response times on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Thin Thick Thin Thick Thin Thick 
EFT con con incon incon flat flat 

Response Times (7V=12) 

VPT .558 -.294 -.719** -.549 -.584* -.683* -.708* 

EFT 1 -.348 -.331 -.255 -.304 -.535 -.618* 

* indicates p < .05, indicates p < .01 
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Table El7 

Correlations between certainty ratings on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

EFT 
Thin 
con 

Thick 
con 

Thin 
incon 

Thick 
incon 

Thin 
flat 

Thick 
flat 

Certainty (N= 12) 

VPT 

EFT 

.558 

1 

.412 

.551 

.232 

.337 

.417 

.561 

.370 

.515 

.458 

.621 

.305 

.461 

* indicates p < .05 
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Appendix F 

This Appendix contains Experiment 4 data as all other materials used were provided 
before. 

All performance, response time and certainty data are provided in this Appendix. 

Performance data includes: descriptive statistics (Table Fl), tests of normality (Table F2), 
ANOVA table (Table F3). 

Response time data includes: descriptive statistics (Table F4), tests of normality (Table 
F5), ANOVA table (Table F6). 

Certainty data includes: descriptive statistics (Table F7), tests of normality (Table F8), 
ANOVA table (Table F9). 

Data used for the analysis of errors is presented in Tables F10, Fl 1 and F12. 

Correlation tables are shown for relations between task and response time conditions and 
both the Visual Pattern Test and the Group Embedded Figures Test using: performance 
scores (Table F13), response times (Table F14) and certainty ratings (Table F15). 
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Performance Data 

Table Fl 

Descriptive statistics for performance on distracter size and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean Std. Deviation 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Table F2 

12 

12 

12 

12 

12 

12 

8.34 

25.00 

.00 

.00 

.00 

.00 

100.00 

100.00 

91.67 

91.67 

100.00 

91.67 

53.48 

54.86 

40.97 

46.53 

59.73 

61.11 

24.99 

20.55 

30.25 

29.61 

30.32 

24.70 

Tests of normality for performance on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.195 

.260 

.157 

.120 

.198 

.160 

12 

12 

12 

12 

12 

12 

.200 

.024 

* 
.200 

* 
.200 

.200 

.200* 

.951 

.906 

.939 

.954 

.933 

.898 

12 

12 

12 

12 

12 

12 

.650 

.188 

.488 

.699 

.413 

.147 

*Indicates a lower bound of the true significance 
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Table F3 

Analysis of Variance for performance on distracter size and orientation 

Source df F rj^ p 

Within Subjects 

Orientation (A) 2 3.96* .264 .034 

A within-group 
error 22 (429.27) 

Size(B) 1 .90 .075 .362 

B within-group 
error 11 (153.60) 

A X B 2 0.25 .021 .784 

A X B within-group 
error 22 (140.99) 
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Response Time Data 

Table F4 

Descriptive statistics for response times on distracter size and orientation 

Descriptive Statistics 

Distracter 
Characteristics N Minimum Maximum Mean 

Std. 
Deviation 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

Table F5 

12 

12 

12 

12 

12 

12 

2910.00 

2510.42 

2976.58 

2756.33 

2470.67 

3391.58 

5210.50 

5415.08 

6156.83 

6511.00 

5642.33 

6388.58 

4060.35 

3909.32 

4058.92 

4331.97 

4022.59 

4370.94 

895.95 

1094.89 

894.49 

1246.54 

1071.98 

824.66 

Tests of normality for response times on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.188 

.152 

.171 

.161 

.120 

.217 

12 

12 

12 

12 

12 

12 

.200 
* 

.200 

* 
.200 

* 
.200 

* 
.200 
.123 

.881 

.905 

.919 

.938 

.950 

.884 

12 

12 

12 

12 

12 

12 

.089 

.184 

.276 

.475 

.643 

.098 

Indicates a lower bound of the true significance 
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Table F6 

Analysis of Variance for response times on distracter size and orientation 

Source df F np
2 

P 

Within Subjects 

Orientation (A) 

A within-group 
error 

Size (B) 

B within-group 
error 

A X B 

A X B within-group 
error 

1.04 .086 

22 (342351.32) 

1 1.04 .086 

11 (425100.44) 

2 0.90 .075 

22 (484871.60) 

.369 

.330 

.422 
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Table F7 

Descriptive statistics for certainty 

Certainty Data 

Descriptive Statistics 

Distracter 
Characteristics 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

N 

12 

12 

12 

12 

12 

12 

Minimum Maximum 

25.08 

27.50 

23.33 

27.50 

24.17 

30.00 

97.25 

96.67 

86.58 

89.17 

95.50 

96.25 

Mean 

66.56 

70.47 

62.71 

67.02 

68.12 

66.31 

Std. 
Deviation 

18.78 

19.01 

16.60 

15.76 

18.51 

17.78 

Table F8 

Tests of normality for certainty on distracter size and orientation 

Tests of Normality 

Kolmogorov-Smirnov Shapiro-Wilk 

Distracter 
Characteristics Statistic df Sig. Statistic df Sig. 

Consistent thin 

Consistent thick 

Inconsistent thin 

Inconsistent thick 

Flat thin 

Flat thick 

.139 

.237 

.170 

.188 

.255 

.147 

12 

12 

12 

12 

12 

12 

.200 

.062 

* 
.200 

* 
.200 

.031 
* 

.200 

.963 

.917 

.931 

.892 

.908 

.967 

12 

12 

12 

12 

12 

12 

.832 

.264 

.390 

.124 

.200 

.875 

indicates a lower bound of the true significance 
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Table F9 

Analysis of Variance for certainty on distracter size and orientation 

Source df F r|p
2 

P 

Within Subjects 

Orientation (A) 2 1.77 .138 .194 

A within-group 
error 

Size(B) 1 1.75 .137 .213 

B within-group 
error 

A X B 2 2.27 .170 .127 

A X B within-group 
error 22 (31.04) 

22 

1 

11 

2 

(46.56) 

1.75 

(47.14) 

2.27 
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Error Analysis 

Table F10 

Number of errors of magnitude (small vs. sharp slope) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

3 
9 
3 
7 
3 
5 

1 
7 
1 
6 
2 
5 

4 
3 
2 
1 
1 
6 

0 
6 
2 
2 
1 
2 

3 
3 
5 
2 
0 
0 

5 
3 
3 
4 
3 
0 

2 
8 
2 
3 
2 
3 

1 
8 
2 
5 
2 
5 

7 
5 
4 
4 
3 
3 

2 
8 
1 
3 
2 
3 

4 
3 
5 
2 
0 
0 

1 
3 
4 
0 
3 
1 

Table Fl l 

Number of errors of direction (increase vs. decrease) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Consistent 

Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
1 
0 
1 
0 
2 

0 
1 
0 
1 
0 
1 

0 
4 
1 
1 
4 
0 

1 
1 
0 
1 
3 
1 

1 
2 
0 
3 
2 
4 

0 
2 
0 
3 
0 
2 

1 
2 
1 
2 
1 
1 

5 
0 
0 
2 
1 
0 

0 
1 
3 
2 
3 
1 

2 
1 
1 
1 
2 
0 

0 
1 
1 
2 
3 
2 

0 
1 
2 
1 
0 
4 
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Table F12 

Number of errors of both (magnitude & direction) on distracter size and orientation 

Distracter 
Size: 
Distracter 
Orientation: 
Target 
Orientation: 

Consistent 

Pos Neg 

Thin 

Inconsistent 

Pos Neg 

Flat Consistent 

Pos Neg Pos Neg 

Thick 

Inconsistent 

Pos Neg 

Flat 

Pos Neg 

Graph Mag 
1 
2 
3 
4 
5 
6 

Sharp 
Small 
Sharp 
Small 
Sharp 
Small 

1 
0 
0 
1 
0 
0 

2 
1 
0 
1 
0 
1 

1 
1 
3 
6 
1 
0 

3 
1 
2 
7 
1 
2 

1 
0 
1 
1 
2 
0 

1 
0 
2 
0 
2 
1 

1 
0 
0 
1 
0 
1 

0 
1 
2 
1 
0 
2 

0 
2 
0 
4 
2 
1 

1 
1 
1 
3 
3 
5 

2 
0 
1 
0 
1 
0 

2 
1 
2 
1 
0 
0 
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Correlations 
Table F13 

Correlations between performance on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Thin Thick Thin Thick Thin Thick 
EFT con con incon incon flat flat 

Performance (iV=12) 

VPT .694* .025 .155 .414 .179 .392 .069 

EFT 1 .262 .380 .661 .370 .271 .021 
* indicates p < .05 

Table F14 

Correlations between response times on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Thin Thick Thin Thick Thin Thick 
EFT con con incon incon flat flat 

Response Times (7V=12) 

VPT .694* -.342 .072 .271 -.495 -.051 .267 

EFT 1 -.350 -.153 .283 -.491 -.085 .166 
*1 indicates p < .05 

Table Fl 5 
Correlations between response times on distracter conditions (e.g., thin consistent 
distracters), Visual Patterns Test (VPT) and Group Embedded Figures Test (EFT) 

Thin Thick Thin Thick Thin Thick 
EFT con con incon incon flat flat 

Certainty (7V=12) 

VPT .694 .293 .455 .323 .485 .457 .337 

EFT 1 .457 .519 .532 .614* .458 .535 

* indicates p < .05 


