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ABSTRACT 
 
 
 
 

A CROSS-CULTURAL COMPARISON OF COGNITIVE STYLES IN ARAB AND 
AMERICAN ADULT LEARNERS USING EYE-TRACKING TO MEASURE 
SUBTLE DIFFERENCES 
 
Jolin A. Qutub, PhD 

George Mason University, 2008 

Dissertation Director: Dr. Frederick J. Brigham 

 

People of different cultures tend to have different cognitive processing styles. 

Philosophers throughout the years have believed that culture fundamentally shapes 

human social practices and intellectual processes (Nisbett, 2004). Cognitive styles have 

been found to be significantly associated with cultural background and learners’ 

academic achievements (Bahoora, 1996; Kogan, 1976a; Witkin et al. 1954). One 

increasingly employed method of investigating various issues related to perceptual 

cognitive and visual processes is the study of eye movement. Over the last decade, eye 

movement has fulfilled its potential as a performance measure and window into 

observers’ visual and perceptual cognitive processes (Salvucci & Goldberg, 2000).   

  Recent studies have concluded that Western learners tend to have more analytical 

perceptual learning style whereas East Asians tend to have more holistic or contextual 

perceptual learning style (Nisbett & Norenzayan, 2002). Only a limited number of studies 
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have examined cognitive perceptual differences between Middle Eastern and Western 

learners. This study aimed to help close this research gap by exploring cognitive 

perceptual differences among three groups who come from different cultural 

backgrounds: Saudi Arabians, immigrants living in the United States, and Americans. 

The different levels of cognitive perception were measured using the Tobii eye-tracking 

system during three different tasks: a visual attention, Group Embedded Figure Test 

(GEFT), and visual problem-solving task.  

The importance of this study lay in its ability to highlight the differences between 

Middle Eastern (Saudi Arabian) and Western (American) learners’ perceptual cognitive 

styles and examine if there were associated gender differences across the two cultures. 

The results of this study yielded important insights for both educators teaching Arab 

students living outside their country of origin and instructional designers charged with 

improving educational systems in Saudi Arabia. The results led to the conclusion that 

Americans and immigrants apply a more characteristically analytical cognitive style 

whereas Arabs apply a more characteristically holistic cognitive style to most tasks. 

Although the results from all three tasks did not show any significant differences between 

the genders, some differences arose while testing and analyzing some of the visual 

behaviors dealing with the allocation of visual attention and during problem-solving 

tasks.   
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1.  Introduction 
 
 
 
 

General Statement of Problem 

Since ancient times, philosophers have believed that culture fundamentally shapes 

human social practices and intellectual processes (Nisbett, 2004).  Previous research 

produced strong evidence that people of different cultures have different cognitive 

processing styles. Scholars have asserted that styles of cognition were found to be 

significantly associated with cultural background and learners’ academic achievements 

(Bahoora, 1996; Kogan, 1976a; Witkin et al. 1954).  More recent studies have compared 

learners from the Western cultures of North America and Europe with learners from the 

Eastern cultures of Japan, Korea, and China (Nisbett & Norenzayan, 2002).  This 

physiological research also found that people with different cultural backgrounds may 

have different cognition patterns and styles. Such studies believed that Western learners 

tend to have more analytical perceptions, whereas East Asians tend to have more holistic 

or contextual perceptions. The studies attribute the differences in perceptual cognitive 

processes to variations in cultural backgrounds and social practices that lead to both 

chronic as well as temporary shifts in learners’ perceptions (Nisbett, 2004; Nisbett & 

Miyamoto, 2005).  Only a limited number of studies have examined such cultural 

differences between Middle Eastern and Western learners.  Thus, this study will take that 

assumption as its basis for exploring whether similar perceptual cognition differences 
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exist between Middle Eastern (Saudi Arabian) and Western (American) learners 

Background of the Problem 

It is well known that Saudi Arabia is one of the developing countries that places 

great emphasis on enhancing the development of school curricula and educational 

systems. The Saudi government spends a huge amount of its annual budget on improving 

internal and external educational systems and resources, aiming to leverage the latest 

technological and educational experiences.  Externally, every year the government 

dispatches 5,000 students to continue their education abroad, in different countries across 

all five continents. The purpose is to expose these students to other cultures to afford 

them opportunities to socialize within their new environments.  Once the students earn 

access to global science and knowledge, they can bring it back to Saudi Arabia. In that 

way they can help the government establishing efficient educational management for 

Saudi Arabia.  However, learning in a totally different culture is challenging and may 

arise several educational barriers.  One area of challenging may be the dissimilarities in 

perceptual cognitive processes between foreigners and their counterpart native learners.  

Internally, several million dollars are spent yearly on improving learning 

materials such as books, educational software, educational websites, etc.  One 

conventional approach toward achieving this goal is to translate books from other 

languages and convert educational software developed by educators in other countries. 

However, this option has not proved completely satisfactory. Translating books or 

software into Arabic from other languages, such as English, can result in an inferior 

product (Spragins, 1992). That process concerns itself with translating the text, and may 
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neglect attached instructional visuals or representations, thus reducing the effectiveness 

of the translated product. A product designed for the Western learner may not work for an 

Eastern one if used in its original format (Spragins, 1992). Serious thought must be given 

to such a process in order for it to give maximum benefit to the learner and reduce 

cognition load.  

In spite of the fact that Arabs constitute a prominent ethnic group in America, and 

despite the huge amount of converted and translated instructional materials in Arab 

countries, little is known and few studies exist that investigate differences in perceptual 

cognitive processes between Arabs and Western learners. In other words, with the rapid 

globalization of information, it is important not only to evaluate performance, but also to 

understand the underlying causes of differences in performance among populations.  

One of the burgeoning methods of study aimed at investigating various issues 

related to perceptual cognitive processes and visuals is the study of eye movement. In the 

last decade, eye movement has fulfilled its potential to be considered as a performance 

measure and a window into observers’ visual and perceptual cognitive processes 

(Salvucci & Goldberg, 2000).  Such studies have gained popularity with the development 

of computing in general, and eye tracker devices or systems in particular (Triesch, 

Ballard, Hayhoe, & Sullivan, 2003). 

 

Significance of the Problem 

Scholars and researchers assert that learner’s perceptual cognitive style is an 

important instructional variable in teaching and learning processes (Dwyer & Moore, 
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1994).  Thus, the importance of this study can be seen by highlighting differences 

between Middle Eastern (Saudi Arabian) and Western (American) learners’ perceptual 

cognitive styles, in order to yield important insights for both educators teaching Arabs 

students in other countries and for instructional designers who are charged to help 

improving educational systems in the Saudi Arabia.  In other words, this study will help 

in giving a mutual understanding of perceptual cognitive differences within the two 

cultures, in order to investigate the existence global differences in perceptual cognitive 

style across cultures.    

On one hand, highlighting the differences between these two cultures will help 

educators understand that foreign students, when exposed to new cultures that differ from 

their native cultures, are not cognitively impaired when compared to their equivalent 

native learners (Nisbett & Norenzayan, 2002).  These students may have different 

cognitive styles that cause their inability to perform adequately (Nesbit 2004).   On the 

other hand, this study will be beneficial for instructional designers who are in charged to 

improve instructional stimuli in Saudi Arabia in order to (a) better understand the impact 

of evolving psychological and cultural differences on education and user performance; 

(b) secure beneficial, high-quality translated and converted instructional stimuli to 

achieve educational goals in sufficient timing, and c) to make learning more feasible and 

to permit better perceptual cognition.  Hence, knowing such cultural differences will 

allow educators to focus on what is defined as important for their own children, rather 

than giving other cultures’ skills to their learners (Nisbett, 2004).   
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Research Questions  

The purpose of this study was to investigate and determine if a cultural variation 

between Middle Eastern (Saudi Arabian) and Western (American) influences learners’ 

perceptual cognitive processes. Specifically, the following research questions were 

addressed:  

1. How do individuals from Saudi Arabia and North America differ in their visual 

attention, and memory?  

1.1. How do individuals from Saudi Arabia and North America differ in their visual 

attention? 

1.2. How do individuals from Saudi Arabia and North America differ in their 

memories? 

2. How do individuals from Saudi Arabia and North America differ in their preferred 

ways of perception, and do these differences depend on gender? 

3. How do individuals from Saudi Arabia and North America differ in their problem-

solving abilities? 

3.1. How do individuals from Saudi Arabia and North America differ in discovering 

and describing alternative solutions? 

3.2. Does adding masks to gear intersections hinder problem solving across cultures? 

3.3. How do individuals from Saudi Arabia and North America differ in fixating on 

irrelevant environmental regions?  
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4. Are there differences between males and females in recognition abilities, perceptual 

cognitive preferences, and solving problem abilities and do these differences depend 

on their cultural background? 
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2. Literature Review
 

 
 

 
Cognitive Style 

 
Background on Cognitive Styles and Field Dependence/Field Independence (FD/FI) or 

Holistical/ Analytical (H/A) Concepts 

Cognitive style is a phenomenon that is used in cognitive psychology to explain 

the way people think, learn, perceive and remember information, and their preferred 

methods of thinking in order to solve problems (Kogan, 1971; Ramirez, Castanede, & 

Harold, 1974).  Psychologists have investigated the phenomenon of cognitive style for 

more than three decades (Hassan, 1988).  Over these years of research, several cognitive 

styles have been identified, such as scanning, categorizing, conceptualizing, 

visualizing/verbalizing, leveling/sharpening, serialist/holist, reflectivity/impulsivity, 

constricted/flexible control, and field dependence/independence (Jonassen & Grabowski, 

1993; Kogan, 1971).  

The field-dependent cognitive style first received attention during World War II, 

when it was observed that when some pilots lost their sight of the ground, they frequently 

lose their sense of upright and flew upside down or sideways (Ramirez et al. 1974). This 

phenomenon was later called field dependence. As noted by Nisbett and Norenzayan 

(2002), “James and Piaget have made a similar distinction between relatively associative 
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thinking, whose computations reflect similarity and contiguity, and relatively analytic 

thought which relies on more abstract, symbolic representational systems, and whose 

computations are reflections of rule structure” (p.19).  

 However, the concept of field dependence/independence was obviously 

originated in the sequential studies of Witkin and his colleagues. They developed a 

number of tests that help in examining and dividing people into field-dependent and 

independent groups, including (a) the Rod and Frame Test (RFT) (Witkin & Asch, 

1948a), (b) the Body Adjustment Test (BAT) (Witkin, 1949), and (c) the Group 

Embedded Figure Test (GEFT) (Witkin, Oltman, Raskin, & Karp, 1971, 2002). All three 

cognitive measurements have been found to correlate consistently and highly with each 

other (Witkin, Dyk,  Faterson, Goodenough, & Karp, 1962). However, Witkin et al. 

(1971, 2002) reported a Longenecker reliability coefficient of .92 for college men, and 

Jackson & Messick reliability coefficient of .95 for college women on the GEFT.  The 

main goal of the three instruments is to examine subjects’ abilities in distinguishing an 

item from its context in order to divide people according to cognition style into field-

dependent and field-independent groups.  

In the RFT, participants are required to look at the end of a long box to view a rod 

that is surrounded by a frame. The rod and frame can be tilted independently of each 

other. The participant’s task is to indicate when the rod is vertical. The BAT instrument 

indicates that the participant is seated in a chair in a small room and that both the chair 

and the room may be tilted. The participant is required to position the chair in the true 

vertical upright position. In the GEFT, participants are presented with simple and 
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complex geometries and are required to trace a simple geometric shape embedded in a 

complex background or context. In studies using these tests, Witkin and his team have 

argued that perceptual inclinations are strongly influenced by economic and social factors 

(Witkin & Goodenough, 1977).   

Nisbett and his colleagues developed a series of experiments and studies to 

examine similar cognitive distortions across cultures. Their results support the notion that 

cognition and perceptual orientation can be analytic or holistic—a distinction inherited 

from the notion of field dependence/independence (Masuda & Nisbett, 2001).  These 

studies will be discussed in grater detail later in this chapter.   

 

Field Dependence versus Field Independence (FD/FI) or Holistic versus Analytic (H/A) 

In general, a cognitive style can be defined in terms of “individual variation in 

modes of perceiving, remembering, and thinking, or as distinctive way of apprehending, 

storing, transforming, and utilizing information” (Kogan, 1971, p. 244). In particular, 

field-independent thinking is known as “an analytical, in contrast to a global way of 

perceiving (which) entails a tendency to experience items as discrete from their 

background and reflects ability to overcome the influence of an embedding text” (Kogan, 

1971, p. 247).  

Works in the literature have summarized several characteristics relevant to the 

FD/FI or H/A distinction. For instance, field dependents or holists find it relatively 

difficult to disentangle an object from its context, in contrast to field independents or 

analysts (Nisbett, 2004; Witkin, Moore, Goodenough, & Cox 1977). Field dependents or 
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holists find difficulty in using, learning from, or extracting non-salient cues, whereas 

field independents or analysts can easily separate relevant from non-relevant objects 

within the same field (Dwyer & Moore, 1994; Lee, 1996). Additionally, field dependents 

or holists appear to achieve better recall of general or social information by approaching 

problems in more global way and perceiving the total or big picture in a given context 

(Altun, 2006; Witkin et al. 1977), while field independents or analysts appear to have 

better recall of the more detailed, restructured or relevant information to the objects’ 

attributes within the given data (Dwyer & Moore, 1994).  

 

Distinctions between FD/FI or H/A 

Various studies have established the FD/FI or H/A distinction and have explored 

its impact in the following variables: (a) differences between sexes or genders, (b) 

differences in age (e.g., infant vs. adult), (c) differences in society (e.g., farmers vs. 

industrialized people), (d) second-language acquisition, (e) educational choices, and (f) 

educational achievement.  

Different studies have found that while cognitive differences described in terms of 

FD/FI or H/A can occur between genders within the same culture, such gender 

differences are not universal across cultures. Witken and Barry (1975), for instance, 

determined that females in agricultural societies appear to be more field dependent than 

males, whereas such sex differences are absent in hunting societies. Similar results were 

found between the sexes in the United States, Japan, Nigeria, and Sierra Leone 

(Androeux; Dawson; Kato; Okonji, as cited in Bahoora, 1996). The Yamanguchi study, 
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as Nisbett (2004) mentioned is one of the few studies to have found sex differences in 

Holistic/Analytical cognitive styles across cultures. This study, however, concluded that 

Western males and females differ from one another more than Eastern males and females 

do (Nisbett, 2004). Other scholars found that sex is not a significant factor in the 

dimension of FD/FI (Bahoora, 1996). These diverse findings may be attributable to 

differences between cultures and the importance of role differences between males and 

females in the culture under study (Tenajero & P'aramo, 1998; Witkin & Berry 1975; 

Witkin et al. 1977).  

Age is another factor that has caught researchers’ attention as it relates to FD/FI 

or H/A.  According to Witkin et al. (1971, 2002) children become increasingly field 

independent between the ages of 5 and 15, with the rate of development reaching a 

plateau in the period of young adulthood (ages 15-24). Through these years, individuals’ 

FD/FI or H/A cognitive styles remain consistent with those of other members of the same 

society. However, a recent study concluded that children in both Western and Eastern 

societies—in other words, in societies that favor more dependent (holistical) or more 

independent (analytical) social lives—are more holistic at age 4. Subsequently, children 

in more socially autonomous societies (i.e., Western children) begin to be more field 

independent at age 5, unlike their peers in more group-oriented societies, who remain 

more field dependent or holists (Kitayams as cited in Nisbett & Miyamoto, 2005). This 

evidence suggests that people’s cognitive styles are significantly influenced by their 

social lives and culture.  
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Scholars believe that individuals’ cognitive styles in the FD/FI or H/A dimension 

are in part linked to their social life and orientation. Witkin and his team have examined 

various societies and have found significant differences among them in field dependence. 

For instance, they found such results when comparing Jewish boys who lived in 

constrained social situations with more secular Jewish boys (Nisbett & Norenzayan, 

2002), as well as when comparing farmers, hunters, and more industrial people (Witkin & 

Berry, 1975). Additionally, Nisbett and his colleagues have found similar results between 

Western and Eastern societies, defining perceptual cognitive style as holistical for field 

dependence versus analytical for field independence (Nisbett & Norenzayan, 2002).    

Other scholars have tackled the issue of perceptual cognitive style in terms of its 

relationship with second language acquisition.  For instance, Tenajero, and P'aramo, 

(1998) examined the influence of sex and intelligence as variables in the relationship 

between learners’ cognitive style and the English acquisition by Spanish-speakers.  This 

investigation extended the view about relationship between FD/FI and second language 

acquisition by considering the perceptual and cognitive components of FD/FI. No 

significant differences between genders were obtained when cognitive style was 

measured by The Portable Rod and Frame Test (Perceptive); whereas field dependence 

girls performed better than field dependent girls when FD/FI were measured by the 

Embedded Figure Test (cognitive), however this outcomes was not observed for boys.  

Another study investigated cognitive style and EFL proficiency among Egyptian students 

who are learning English was done by Hassan, (1988). This study concluded that field 
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independent students performed better than field dependents on proficiency in English as 

a foreign language. 

Additionally, scholars have concentrated on the relationship between cognitive 

style in the FD/FI or H/A dimension and students’ choices of specialization in colleges 

(Witkin, et. al., 1977). This study concluded that field independent people appear to 

specialize more often in scientific fields such as mathematics and engineering, while field 

dependent people appear to choose humanities fields such as education and sociology.  

Several studies have also explored the relationship between perceptual cognitive 

style in the FD/FI or H/A dimension, educational achievement in areas such as reading 

(Bevan, 1994; Marulanda, 1996), and different types of educational objectives (Dwyer & 

Moore, 1998).  In the latter study, researchers have summarized their investigations and a 

series of earlier studies (1991, 1992, and 1994) on the effect of color-coded illustration on 

students with different perceptual cognitive styles. Initially, the researchers classified 

students as field dependent or independent by using the Group Embedded Figures Test 

(GEFT) created by Witkin et al. (1971, 2002). Consequently, each student received a 

battery of individual tests in either verbal or visual format to measure if there was an 

interaction between color and cognitive style across both visual and verbal tests of 

various types of educational objectives. These studies found insignificant interaction 

between color coding and learners’ cognitive style FD/FI.  However, for some types of 

learning objectives, color coded materials may reduce achievements of learners with 

different cognitive style.  Additionally, students’ cognitive style was found to be an 

essential instructional variable and significantly associated with their academic 
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achievement.  Field independents scored significantly higher than their field dependent 

counterparts on most individual measures such as terminology/drawing, terminology/ 

comprehension, and total criterion tests.  

 

Cultural Variation 

Over the past decade, many writers have noted cultural differences in perceptual 

judgment and memory. Increasingly, scholars in fields such as history and anthropology 

believe that human cognition is not the same everywhere (Boorstin, 1992; Nisbett, 2004). 

This statement does not mean that people have different basic cognitive processes; rather, 

it suggests that people of different cultures are exposed to different aspects of the world 

and have been taught different things. Evidence of distinction between cognition and 

thinking styles a cross cultures comes from the studies of ancient Chinese and Greek 

philosophy, mathematics, and science (Nisbett, 2004).  Philosophical texts, for instance, 

indicate that the ancient Greeks had a sense of “personal agency” and emphasized 

analytical thought while the ancient Chinese favored harmony and stressed holistic 

thinking (Nisbett, 2004, p. 3). These approaches to cognition were rooted in the two 

cultures’ distinctive social practices. Recent studies provide evidence that people in 

modern Eastern and Western cultures have inherited these ancient ways of thinking 

(Nisbett, 2004). 

Numerous scholars posit that people of Western cultures view the world 

analytically, as they tend to focus on salient objects and their attributes independent from 

context. Thus, Westerners usually engage in independent, analytical perceptual processes. 
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Conversely, Eastern people tend to view the world holistically and to focus on 

relationships between objects and their context in order to make sense of the world 

(Hannah, Boland, & Nisbett, 2005; Masuda & Nisbett, 2001; Nisbett & Miyamoto, 2005; 

Nisbett & Norenzyan, 2002; O’Leary, Calsyn, & Fauria, 1980).  

 

Cultural Differences Concerning Human Attentional and Cognitive Processes 

Several studies have examined cross-cultural differences related to human 

attentional and cognitive processes, such as those involved in restructuring data, 

categorizing information, and solving problems. Easterners, considered in most studies to 

be field dependents, appear to experience difficulty in providing structure to ambiguous 

data and restructuring new information, while Westerners or field independents tend to be 

able to provide structure, even when structure is not inherent in the presented context 

(Lee, 1996). In other words, Easterners tend to use, accept, and interact with presented 

visuals without trying to modify their structure or view their components discreetly, 

while Westerners are likely to analyze visuals and provide their own structure to them, 

especially when there is ambiguity or lack of organization (Dwyer & Moore, 1998). 

Westerners are accustomed to employing categories and rules in order to make sense of 

everyday events. In contrast, Easterners make sense of events by giving emphasis to the 

relationships and similarities among things (Masuda & Nisbett, 2001). In problem-

solving contexts, formal logic plays a major role in Western societies and a minor role in 

Eastern societies (Nisbett, 2004). Studies in this area have concluded that clear evidence 

exists that perception is relatively broad for Asians and relatively narrow for Westerners. 
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Psychological researchers Nisbett and Masuda and their colleagues have 

conducted several studies in this domain. This team has developed a series of 

comparative laboratory studies, working with students at University of Michigan and 

eventually with students at universities in Beijing, and Seoul. These studies aimed to 

investigate cultural variations in visual attention, change blindness (i.e., the tendency not 

to notice overt changes in visual scenes), encoding and recognition of visual information, 

and, recently, eye-tracking processes during visual tasks.  The next few sections will 

address some of these studies in the different domains. 

 

Visual Attention  

Masuda and Nisbett (2001) investigated cultural variation in visual attention—or, 

as they called it, “context sensitivity.” In a series of cross-cultural studies, they examined 

whether East Asians (Japanese) and European Americans differ in their patterns of 

attention to context. An initial study involved the presentation of animated or moving 

vignettes of underwater scenes. Participants reported the contents of the vignettes and 

then completed a recognition test designed to examine their memories and judgments 

regarding the presented objects. In this test, the researchers presented previously seen 

objects as well as new objects, either against their original backgrounds or a novel 

background, and asked participants to judge whether they had seen the objects in the 

initial vignettes. Findings indicated that Easterners offered more detailed statements 

about the field or background information than did Americans. Additionally, the 

researchers found that Westerners tended to begin their descriptions by referring to the 
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most salient objects, while Easterners were much more likely to begin by referring to the 

context. Additionally, Easterners’ recognition scores were more accurate on objects that 

were presented in their original settings. 

 

Categorization versus Relationships 

An early study by Chiu (1972) examined cultural differences among Chinese and 

American children in intellectual processes and intention in categorizing objects. In this 

study, participants were presented with illustrations of three objects, which they were 

asked to group. Chinese children attempted to group the objects based on the 

relationships among them (e.g., a cow with grass because cows eat grass), while 

Americans tended to group the objects based on similarities among their attributes or 

features (e.g., a cow with a chicken because both are animals).   

Norenzayan, Smith, Beom, and Nisbett (2002) performed a study that obtained 

similar results. In this study, 157 European American, Asian American, and East Asian 

undergraduate students were asked to place the illustrated objects into one of two 

categories. The stimulus sets were designed to compose a target object and two categories 

that constructed from objects with four binary features.    One of the binary features 

always defines one category, while the other three “non-deterministic” features took 

different value for each category.  Thus each of the four objects in each category 

contained three out of the four features.  Only two alternative solutions were possible for 

each set of stimulus: 1) A uni-dimensional rule or an overall similarities solution that 

places target objects in categories that shared a single feature; 2) Or overall similarities 
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solution that places target objects in categories that shared several features. The results of 

the study showed that most East Asian participants placed target objects in the overall 

similarities group while most European Americans placed objects in the uni-dimensional 

group. Asian Americans’ judgments fell between those of the East Asian and European 

American participants, with greater similarity to those of the East Asians. The study 

concluded that culture influences learners’ natural modes of organization.  

 

Change Blindness 

During the mid-1990s, a number of researchers concentrated on change blindness, 

a phenomenon in visual perception in which humans fail to notice overt changes 

occurring in the full visual scene if they are not the focus of their attention (Levin, 

Momen, Drivdahl, & Simons, 2000; Rensink, O’Regan, & Clark, 1997; Simons & 

Ambinder, 2005). Masuda and Nisbett (2006) examined cultural differences in the 

phenomenon of change blindness. In this study, the researchers presented participants 

with still and animated vignettes that featured overt changes in focal objects and context. 

Results indicated that Western participants were more sensitive to changes in focal 

objects and blinder to changes in field or context, whereas Eastern participants were more 

sensitive to changes in context and blinder to changes in focal objects. The study thus 

suggested that cultural variation can occur in what appear to be basic perceptual 

processes.  
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The Mechanism Underlying Cultural Variation 

Although a variety of studies have addressed cultural differences in cognitive 

processes, few researchers have explored the mechanisms underlying apparent 

differences in cognitive processing style. Differences in social practice and social 

structure trigger differences in perception (Ji, Peng & Nisbett, 2000). Nisbett and his 

colleagues have attributed the differences between Westerns and Easterners to social 

structures, beliefs, and ways of looking at things. In particular, Western societies allow 

people to live in individualistic social circumstances. People in these societies have sets 

of characteristic, distinctive attributes, personal goals, and a desire to be different and 

distinguish themselves from others. Conversely, the social lives of people in Eastern 

societies are more interdependent, and individuals feel strong obligation toward their 

families. Relative to Westerners, people in these societies concern themselves more with 

group goals or achievements and are more collectivistic in their socialization behaviors 

(Chiu, 1972).  

Some scholars believe that people acquire their cognitive patterns from their 

caregivers, who themselves acquired these patterns from their culture (Bornstein, Toda, 

Azuma, Tamis-LeMonda, & Ogino, 1990). In one study (Bornstein et al. 1990), in which 

Japanese and American mothers were observed rearing and playing with their infants, 

researchers found that Japanese mothers tended to help their infants to engage in social 

practices more than American mothers, who tended to emphasize describing, labeling, 

and categorizing objects. Other scholars have examined similar differences from 

alternative angles. Tardif (1996), for instance, found that Eastern and Western mothers 
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differ in their use of language in teaching their children. Specifically, Mandarin Chinese-

speaking mothers tend to use more nouns than verbs, while English-speaking mothers 

employ more verbs (Tardif, Gelman, & Xu, 1999). Some writers in the literature have 

asserted that nouns and verbs denote certain patterns of thought (Nisbett, 2004). Learning 

nouns is relatively easy for children because a noun demands that one learn about an 

object alone, which is related to the categorization mode of perception. Mastering verbs 

appears to be harder, as it requires one to learn about an object as well as action that is 

associated with the object—a task that involves seeking relationships among objects in 

order to make sense of things (Gentner, as cited in Nisbett, 2004). However, Tardif 

(1996) provided other evidence that showed that Eastern children tend to have equal 

abilities to learn verbs and nouns.  

Another factor that tends to trigger differences in perception is the environment 

afforded to participants. One study suggested that the environment to which participants 

with different cultural backgrounds are exposed may play an important role in shaping 

their cognitive and perceptual processes (Masuda & Nisbett, 2006). This finding has its 

roots in Gibson’s (1979) “affordance theory”.   

The word “affordance” was referred to the environmental information and its 

actionable properties or relationship to the actor (person or animal).  Additionally, some 

researchers have considered bicultural individuals. Such literature indicates that exposing 

a person to a new culture may generate a change in his or her default patterns of 

perception. When people experience a change in environment or social system, they 
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might be expected to explain and perceive either holistically or analytically, depending 

on the cues driven by the existing culture (Hong, Moriss, Chiu, & Martinez, 2000) 

 
Arab Culture  

 
Bennet (as cited in Bahoora, 1996) divided cultures into two categories—high- 

and low-context cultures—according to styles of interpersonal communication. In low-

context cultures, time is concrete, schedules are rigid and respected, gaining knowledge is 

based on analytical reasoning, the social structure is loose, and rules and procedures are 

more important than who will do them. In contrast, in high-context cultures, time is less 

concrete, schedules are more flexible to last-minute changing or editing, and gaining 

knowledge is based on relationships, contextual cues, emotions, and group benefits or 

goals. According to the above classification, Arabs are placed under the high-context 

cultures umbrella, whereas North Americans are categorized as members of low-context 

cultures.   

Studies on Arab cultures and their learning or cognition styles are very limited. 

The few studies that exist suggested that Arab learners appear to have special learning 

strategies that are culturally constrained. For instance, in Arab cultures, students are 

encouraged to memorize long passages, review detailed outline lists, obtain structure 

reviews, search for perfection (Oxford & Anderson, 1995), and seek high-quality 

language and comprehension. Thus, when exposed to other cultures or educational 

systems, these students usually appear to have low tolerance for ambiguity, to see things 

through the lenses of right or wrong, and to have difficulty compromising and negotiating 
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(Oxford & Anderson, 1995). Scholars have attributed these learning and cognitive styles 

to the significant role of religion and the power of language in Arab culture. Islam plays a 

vital role in Arab societies. Highlighting the religion’s importance aids in understanding 

Arab cultures and their cognition styles (Boorstin, 1992; Marulanda, 1996). Religion is 

an essential topic at all stages of an Arab student’s academic life. Additionally, all rules 

in government and society are based on Islamic traditions. Memorizing the holy Quran is 

greatly encouraged in schools and universities. This task involves more than simply 

memorizing the text; each letter in each word has its own formatting symbol that, if 

changed, can change the entire meaning of the word. Thus, memorizing and giving 

attention to micro details are learning strategies that are embedded in Arab learners’ 

cognition.  

 

Eye Tracking Technology 

There is a long history of attempts to use eye movement to infer cognitive 

processes in adults and infants (Hayhoe, 2004). Although scholars believe that the eyes 

are windows to the mind (Wang, Zhai, & Su, 2001), very limited number of studies have 

addressed cross-cultural differences in eye movement. Recently, Chua, Boland, and 

Nisbett (2005) based a study on the idea that if Easterners and Westerners are seeing and 

reporting different things, then they are actually looking at different things as well. This 

eye-tracking study involved 25 European American graduate students and 27 Chinese 

international graduate students at the University of Michigan. The researchers initially 

presented pictures with focal objects placed against a busy background. Participants rated 
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their preference of the images, and their eye movements were tracked. Subsequently, 

participants were tested on their recognition abilities as they viewed four sets of picture 

combinations (previously seen objects on original backgrounds, previously seen objects 

on new backgrounds, new objects on previously seen backgrounds, and new objects on 

new backgrounds). The findings indicated that there are differences in eye movement 

between Easterners and Westerners. The researchers concluded that cultural differences 

in visual memory are likely due to the way in which Easterners and Westerners view 

scenes. 

Eye tracking is a technique that tracks and measures an individual’s eye 

movement to identify where, when, and for how long that person looks at a particular 

region and when he or she shifts from one region to another (Poole & Ball, 2006).   The 

link between eye movement and thought has fired scholars’ interest and drawn the 

attention of a variety of research fields, such as psychology (Nisbett & Miyamoto, 2005), 

cognitive and computer science, computer graphics (DeCarlo & Santella, 2002), science 

education (Rudmann, McConkie, Zheng, 2003), arithmetic (Suppes, 1990), human-

computer interaction (Poole & Ball, 2006; Rudmann et al. 2003), and assistive 

technology (Poole & Ball, 2006).  Eye tracking can provide researchers with information 

and insight into problem solving (Salvucci & Anderson, 2001; Tai, Loher, & Brigham, 

2006), reasoning and decision making (Gonzalez & Golenbock, 2003; Nisbett & 

Miyamoto, 2005), mental imagery (Yoon & Narayana, 2004), visual attention (Nisbett & 

Miyamoto, 2005), reading (Clifton, 2004; Schilling, Rayner, & Chumbley, 1998), word 
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problems (Hegarty, Mayer, & Green, 1992), search strategies, and social practices(Cooke 

& Cuddihy 2005; Plez, Canosa, & Babcock, 2000; Rayner, 2001). 

 

History of Eye Tracking 

Over 100 years ago the use of eye tracking technology was first pioneered in the 

field of reading research (Poole & Ball, 2006).  This technology began with mounting 

electrodes around the eye to measure movement.  Subsequently, a metal coil was 

embedded around large contact lenses that were used to cover the cornea and sclera of the 

eye.  Eye tracking was measured by measuring fluctuations in an electromagnetic field 

according to the movement of the metal coil along with the eye movements (Duchowski, 

2003).  Most modern eye-tracking systems embed video cameras that record eye 

movement to determine where subjects are looking.  Some of these new high technology 

systems are head mounted, where the cameras are embedded in a device near the eyes.  

More advanced systems just embed sensitive cameras within a monitor screen to track 

eye movement, while observing the screen to insure the computability of the participants 

(e.g., Tobii Technology) (Poole & Ball, 2006; Tobii Technology, 2005).  Advanced eye 

tracking systems are devices that look like a standard computer screen and keyboard.  

The only difference is a small video camera embedded at the bottom of the monitor.  This 

sensitive camera uses Near Infrared light emitting diodes (NIR-LEDs) to track and record 

viewers’ eye movements in order to measure various visual-motor behaviors (Tobii 

Technology, 2005).  Practically, infrared lights first directed into the participant’s eye 

creating strong reflections in target eye in order to facilitate tracking its movements. Eye 
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trackers are designed to use infrared lights to avoid dazzling participants with visible 

lights (Duchowski, 2003; Poole & Ball, 2006).   

 

Implication and limitations in Eye Tracking Researches 

Tracking eye movements produces very fine and detailed information with a 

variety of components or measurements.  For instance, eye trackers produce detailed 

numeric data about eye gaze time, location, scan paths, and pupil size.  The variation of 

measurements and collected data can be interpreted differently depending on the context 

or research goals (Poole & Ball, 2006).   Tracking eye movements yields extremely 

instructive data for the in-depth analysis of human behavior and cognition processes.  

These data along with other data, such as observers’ gestures, and verbal protocols, allow 

researchers to infer much about human thinking and cognition processes (Salvucci, 2000; 

Salvucci & Goldberg, 2000).  Furthermore, human subjects, in most applications or tasks, 

need little instruction or training, since eye tracking systems are usually non-intrusive and 

do not affect task performance (Salvucci, 1999).   

On the other hand, several limitations or disadvantages have been reported by 

researchers using eye tracking systems.  Eye tracking systems provide vast data sets that 

have considerable individual variability (Salvucci, 1999).  Such data sets are challenging 

and time consuming to be analyzed manually or by naïve automated methods.  According 

to Poole & Ball, (2006), researchers and experimenters need to be sure which of the 

collected components or data sets they want to use to answer their research questions.  

For instance, if the research question indicates using fixation numbers and their durations, 
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researchers are advised to (a) insure what is the minimum time for fixation, because 

interpreting cognitive processes can significantly vary according to the setting of 

minimum time of fixation in the eye tracking system; (b) define areas of interest 

correctly; (c) provide participants with accurate and appropriate task instructions; and (d) 

use appropriate automated analysis tools.   

Another limitation is the sensitivity of such systems.  Most eye tracking systems 

have difficulty tracking the eye movements of participants with sight problems, such as 

lazy eye, or those who wear glasses or contact lenses, which may interrupt the system’s 

functioning (Poole & Ball, 2006).  In addition, some researchers believe that in spite of 

the importance of eye tracking data, these data are still conceder as clues to person’s 

thought and that more observation -such as recording subjects’ input or reflections- are 

needed in order to provide adequate inferences (Salvucci, 1999).  

 

Eye Movement Metrics 

The main measurements or eye movement metrics used in eye tracking research 

are fixation and saccades.  Other studied metrics or measurements that stem from these 

basic measures are gaze, scanpath, pupil size, and blink rate.  Fixation is defined in the 

literature as “pauses over informative regions of interest” (Salvucci & Goldberg, 2000, 

p.71).  In other words, fixation is a moment when the eye is stationary, either taking in or 

“encoding” information (Poole & Ball, 2006; Salvucci, 2000; Salvucci & Goldberg, 

2000).   
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Scholars have interpreted fixations data differently depending on the context or 

task.  To illustrate, higher fixation frequency or fixation duration can be interpreted as a 

great interest in the target, or it can be interpreted as a sign of complexity and uncertainty 

in understanding the target (Poole & Ball, 2006).  

Nevertheless, Rayner (1979) believes that human eyes typically do not move in a 

smooth way across visual material or text.  The eye views words or areas in a group with 

a short pause or fixation, around 0.25 seconds, and then moves to the next area for 

another fixation, skipping over short words such as “of” or “in” or small blank areas 

(Rayner & Duffy, 1986).  These quick movements between fixations are called saccades.   

Researchers have doubted the usefulness and the accuracy of smaller movements 

or saccades in obtaining valid information; such data usually mean little for higher level 

analyses (Salvucci, 2000). Encoding never takes place during saccades (Poole & Ball, 

2006; Salvucci, Goldberg, 2000), because human eye is only taking meaningful 

information during fixation.  However, researchers have asserted that eye saccade is a 

visible marker of the manner in which saccade regressions could be meaningful data to 

evaluate recognition value.  High regressions (i.e., frequent skipping back and forth) can 

represent the presence of confusion (Clifton, 2004; Poole & Ball, 2006).   A variety of 

psychophysical and cognitive studies support the idea that shifts in attention made by the 

observer are usually rooted in fixations (Corbetta, 1998) and that spatial memory, 

planning, and sensitivity-to-target probability are all primary characteristics of the 

saccadic system (Hayhoe, 2004). 
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The other metrics or measurements that stem from fixation and saccades are less 

often used in eye tracking research depending on the research goals.  Scan path usually 

produced by a complete sequence of saccade- fixate- saccade. This line of fixation and 

interconnected saccades represent direction to a desired target and scanning level.  A 

longer scanpath indicates less efficient searching, while smaller spatial scanpath indicates 

more direct searching or scanning (Poole & Ball, 2006).  Blink rate and pupil size are less 

used in research.  These two minor metrics are sometimes interpreted as an index of 

cognitive effort or workload.  There is an inverse relationship between blink rate or pupil 

size and cognitive effort.  Lower blink rate may indicate a higher workload and also 

larger pupil size may indicate more cognitive effort or more concentration (Poole & Ball, 

2006).   

Eye Movement and Cognition (Relating to Higher Order Processes) 

There is a long history of attempts to use eye movement to infer cognitive 

processes in adults and infants (Hayhoe, 2004).  Scholars believe that the eyes are truly 

the windows to the mind (Salvucci, 2000; Wang et al. 2001).  This idea was adopted 

because of the belief that visual perception is a complicated process that takes place at a 

level below conscious awareness.  Thus, visual perception alone does not provide 

thoughtful analysis.  However, in natural environments, eye movements are usually 

driven toward task’s targets even with simple task that does not require a high spatial 

resolution.  Such attentional eye movements, which are made “without conscious 

intervention” might afford attentional mechanism and might provide insights into 

cognition (Hayhoe, 2004; Plez et al. 2000, p. 37).  
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“Without conscious intervention” does not mean that observers do not have 

control of their eye movements or that they look at things arbitrarily.  On the contrary, 

according to Yarbus (1967), seeing is not solely or independent process and is strongly 

associated with observers’ cognitive goals.  He concluded this when his study revealed 

that observers use different fixation patterns while viewing images and trying to answer a 

series of questions (Yarbus 1967).  Thus, scholars consider this tool as an unbiased 

indicator of attention (Tai et al. 2006), which helps in looking at the internal processes of 

observers’ cognitive activities. 

Most eye tracking systems facilitate both exploratory analysis for initial 

understanding of behavior and confirmatory analysis for model evaluation and 

refinement.  Regardless of the type of data analysis, exploring visual protocols is 

essential to understand behavior, visual perception, associated attentional mechanisms, 

and cognitive processes (Salvucci & Goldberg, 2000). 

Other scholars, however, have noted the limitations of using eye movement to 

infer perceptual and cognitive processes.  For example, some researchers believe that 

finding a relation between observers’ fixation and passive cognition processes is quite 

complex, because of the limitation of controlling or knowing what the observer is doing 

or thinking, which leads to limitations in interpretation (Vivian, 1990).  Another 

limitation has been found in studies that used static images for making inferences about 

perception and cognition.  This limitation appears when experimenters try to infer or link 

fixation to informative regions in the pictures.  These researchers believed that such a 

link or connection is limited by the fact that “informativeness is not a general visual 
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property, is limited by the experiment, and can only be defined with respect to the 

particular task” (Hayhoe, 2004, p. 268; Vivian, 1990).  Although some researchers have 

expressed gloomy conclusions over relating eye movement data and cognitive processes, 

numerous other studies have certainly made major contributions using eye movement 

data in variety of domains (Salvucci, 1999). 
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3. Methodology 
 
 
 
 

Research Design  

 
The research design for this study is both descriptive and correlation in nature, 

with more emphasis on the quantitative approach.  Quantitative data sources include 

statistical data provided by eye tracker system, and scores from GEFT. Qualitative data 

sources are illustrated images, and audio records provided by different features of the 

used eye tracking system.   

 

Participants 

Three groups of participants (representing different cultural backgrounds) were 

selected for this study: Americans, Saudi Arabians, and immigrant Saudi Arabians in the 

United States. Thirty undergraduate students (ranging in age from 18 to 25) were 

recruited in each group. The first group was composed of 30 American students from 

George Mason University in Virginia. The second group contained 30 Arab 

undergraduate students from King Abdul-Aziz University in Jeddah, Kingdom of Saudi 

Arabia. Finally, the third group contained 30 students who have been exposed to both 

cultures–specifically, Arab international undergraduate students at U.S. universities. The 

criteria for inclusion in this study was (a) American participants were Native Americans 
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who use English as their native language, and never live or expose the Saudi Arabian 

culture, (b) immigrant Saudi Arabian participants were native Saudis who started their 

academic lives there at least 15 years before moving with their families to the U.S; in 

addition, they still use Arabic as a default language in everyday practice, (c) Saudi 

Arabian participants were native Saudis who use Arabic as their native language and 

never live or expose the American culture.    

Due to equipment sensitivity, bad data, and lack of attendance during the 

experiment, a few participants were eliminated.  Participants of the third group were 

recruited with the facilitation of the Saudi Arabian Culture Mission (SACM) in 

Washington, DC. All three groups were exposed to the same eye tracking device, and 

were all assessed using same measurements.  

 

Instruments 

In this study data were collected by using the Tobii Technology Eye Tracker 

system connected to a Sony computer with a Windows XP operating system. To the user 

it looks like a standard 17-inch monitor. However the Tobii Eye Tracker system consists 

of a standard monitor and an embedded high resolution video camera with a large field of 

view positioned at the bottom of the monitor. Thus, subjects were not required to wear 

headgear or any other hardware components. The Tobii system is fairly capable of 

tolerating wide or fast head movements.  The device needed to calibrate participant’s 

eyes once, and there were no need for recalibration even in the event of break or pausing 

the test (Tobii Technology, 2005). 
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 Near infra-red light-emitting diodes (NIR-LEDs) were used to generate even 

lighting to create reflection pattern in the subject’s eye. Although eye tracker systems use 

near infrared light to track participants eye movements, the small low power amount of 

(NIR-LEDs) used in eye tracker devices is well below the level known to cause harm to 

human eyes (Sliney & Freasier, 1973).  The sun and incandescent lamps contain higher 

levels of infra-red lights (Werkmann, 2005).  

 The resolution provided by the Tobii system was 0.50 of the visual angle, while 

the sampling rate for this study was 60 samples per second. For the purpose of this 

research analysis,  the eye-tracking system was adjusted to use 100ms as the lowest limit 

for fixation duration.  According to McConkie, Underwood, Zola, & Wolverton  (1985) 

“60 ms must pass before current visual information becomes available to the visual 

cortex for processing”. In addition he reported that 30 ms is needed for the time the eye 

needed at the end of fixation and to start the next saccade.  Thus with adding 10 ms for 

processing current observation, we ends up having 100 ms as a lower fixation duration 

rate (Tai et al.  2006).   Additionally, the Tobii system provided validity codes for each 

eye with every gaze data point. These codes, ranging from 0-4, were measurements of the 

system’s certainty that it had recorded the correct data. ClearView analysis software was 

used to analyze the eye tracking data. Several visualization tools were used for the 

qualitative view of the analysis processes, such as Gaze Replay, Gaze Plot and Hot Spot 

Plot tools. Additionally, raw text data were filtered and exported for facilitating the 

quantitative analysis processes.  
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Data Collection 

Various levels of perceptual cognitive difference were examined in this study. 

Initially, students received a short survey to determine the participant’s demographic 

variables such as (age, gender, ethnicity, etc), then each participant went through three 

different tasks.  The first task targeted low-level differences in cognition by examining 

participants’ visual attention and memory through eye-movement tracking. This task 

allowed the researcher to compare how participants allocated and remembered visual 

attention while viewing visual scenes in order to identify whether they have a holistical or 

analytical manner of perception. The second task, which examined cognitive processes at 

a higher level, investigated participants’ thinking and preferred perceptual cognitive 

processes. The third task examined participants’ cognitive processes at an even higher 

level by seeking relationships among the ways in which participants looked at, thought 

about, and interacted with the environment while solving a visual problem. 

 

Task 1: Visual Attention 

Task Description 

This experiment investigated cultural differences in the domain of visual 

attention. The goal of the task was to examine whether Middle Easterners (Arabs) are 

more likely than Americans to attend to context and relational information than to 

objects. The task had two levels. At the first level, subjects’ eye movements were tracked 

to examine cultural variations in eye-tracking processes and visual attention during visual 
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tasks, while at the second level, a recognition task targeted subjects’ memory and 

recognition.  

 

Materials  

For this experiment, static photographs were used to collect the research data.  

Most of theses photos were obtained from previous studies (e.g., Chua et al. 2005), while 

few others were created and manipulated by the researcher.  These images were 

collection of culturally neutral scientific photos depicting living things, or inert objects 

along with different backgrounds. The images were manipulated to generate a collection 

of 40 pictures of single, focal foreground objects over complex backgrounds. Previous 

research had found that cultural differences were most pronounced with the neutral 

scenery (Nisbett & Miyamoto, 2005).  Thus, pictures collected for this task composed 

mostly of culturally neutral photos (e.g., animal, cars, plane, etc.), with some western and 

Arabic objects and backgrounds (e.g., camel, mosque, etc.). This initial collection of 

images were used for the first phase of the experiment (allocating visual attention task) 

during which the participants’ eye movements were recorded. However, new sets of 

photos were created for the following step.  

For the memory step or phase, the original 20 objects and backgrounds were 

combined with 40 new images of objects and backgrounds and were manipulated to 

create a set of 80 images. Half of the original objects were presented with their original 

backgrounds, and the other half were presented with new or novel backgrounds. 

Additionally, half of the old backgrounds were presented with new foreground objects. In 
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addition, 20 new images with new foreground objects and backgrounds were added to the 

collection of images in this task. This procedure ended with four pictures sets: a) 20 

previously seen objects with their original backgrounds, b) 20 previously seen 

backgrounds with new objects, c) 20 previously seen objects with new backgrounds, and 

d) 20 new objects with new backgrounds. This set of 80 pictures was used for the 

memory task. All participants with different cultural background viewed the same images 

in the same sequence in order to be able to compare their performance.  Samples of the 

used images in visual attention task are shown in Figure 1. 

Figure 1. Visual Attention Task Sample. 

 

Samples of photos that represent different objects using the same background are 

shown in Figure 2; whereas the other photograph samples that represent same object with 

2 different backgrounds are shown in figure 3.  
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Figure 2. Images Represent Different Objects with Same Background.  
 

 

 

 
 

Figure 3. Images Represent Same Object with Different Backgrounds. 
 

 
Procedure 

 
Each participant sat on a stable chair to standardize the distance between the 

subject and the eye tracking camera embedded on the monitor. The distance between the 

subject and the monitor was controlled to be 60 cm to insure the validity and accuracy of 

recorded data. The Tobii system uses a very wide field of view which enables it to 
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tolerate fairly large-head motions and to allow robust tracking of the gaze points. The 

size of the monitor was 17 inches. At the beginning of the session, participants were 

given a brief introduction about the tasks they were doing and eye tracking calibration 

was establish and saved before the presentation of stimuli. After the calibration process, 

the participant were informed that s/he will be viewing a sequence of pictures. Each 

picture was presented for a short amount of time and was separated from the next picture 

by a blank screen. These blank screens were used to ensure a free starting point.  

The instructions were followed by several screens that showed samples of how 

the task would proceed. Once the participant was ready, the actual task began by 

presenting the first set of 40 images. Each image was viewed for three seconds, followed 

by a blank screen. Subjects’ eye movements were tracked and recorded. After viewing 

the first set of images, participants were asked to leave the room and engage in some 

distracting tasks such as counting backward or discussing other subjects for at least 10 

minutes.  

The participant then was return to the computer and in front of the eye-tracking 

monitor to start the second task. Before beginning the next task, the participant was 

shown a picture and the researcher explained the different parts of the image in order to 

distinguish between the foreground object and the background of the image. The 

researcher  then informed participant that s/he will be viewing some pictures for a very 

short time, and will press a key after each picture—the (O) key if s/he believed seeing 

this object before in the previous task, or the (N) key if s/he believed it is a new object. If 

the participant was unsure about their answer they were told to make their best guess. The 
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task began by presenting the second set of 80 images, each for three seconds, followed by 

a blank screen. When the blank screen was presented the participant were suppose to 

click on either the (O) or (N) key in order to move to the next image. 

 

Task 2: GEFT 

Task Description 

This task applied the Group Embedded Figure Test (GEFT; Witken et al. 1971, 

2002), a widely recognized cognitive-style measure, to help in assessing levels of field 

dependence/independence among the three groups. GEFT is designed to determine the 

extent to which participants are able to stay focused on a given shape, overcoming the 

distraction of a background (Witken et al. 1971,2002). This perceptual task required 

participants to break up and organize the visual field in order to separate portions of it.  

Material  

This is a paper-and-pencil task that involves geometric illustrations (cube, 

hexagram, triangle, etc). Each item or illustration was presented in two forms: (a) simple 

form and (b) embedded within more complex stimuli. The total time allowed for 

completing the test was 12 minutes. Samples of the illustrations that was used in this task 

are shown in Figure 4. 
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Figure 4. Sample of the Group Embedded Figure Test (GEFT). 
 

 

Procedure 

The instrument was composed of three sections and participants were asked to 

complete all three sections. The first section, designed for practice purposes, contained 

seven items presenting geometric forms. In this section, participants viewed the practice 

items and received instructions on how the task is structured. This phase lasted for 

approximately 2 minutes, which should allow participants to practice and become ready 

to accomplish the actual tasks. The second and third sections contained of nine new items 

each. Participants had a maximum of 5 minutes to complete each section. Each 

participant was asked to locate total 18 simple figures embedded in complex figures. 

 

Task 3: Problem Solving 

Task Description 

 In this task, the goal was to go beyond identifying the momentary point of 

fixation in order to observe differences in visual attention or cognitive style. This task 

aimed to identify whether there are cultural differences among participants at higher 
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levels of cognitive processes, specifically in the problem-solving process; and if eye 

movement data provided indicators that tend to convoy certain categories of these mental 

activity.  For example, differential allocation of attention and scan paths around gears 

along all images will clarify if viewer used alternative solutions to solve the presented 

problem and when they did so. Specifically, it is expected that learners who are more 

field independents or with analytical perception will use alternative problem-solving 

strategies or reconstruct visuals mentally in order to solve the problem (Nisbett, 2004; 

Witken et al. 1977). For instance, participants may indicate that alternating gears usually 

move in opposite directions. Another anticipated strategy is the “numeric strategy,” 

which indicates that an odd number of gears means that the target gear moves in the same 

direction as the initial gear, while an even number of gears means that the target gear 

moves in the opposite direction from the initial one (Rudmann et al. 2003, p. 161). 

Meanwhile, it is expected that learners who are more field dependents or have holistic 

way of thinking will stick with a strict sequence model in which one reads the question, 

looks at each gear, and then answers the question.  

 

Material 

This task used the Tobii eye-tracking system while presenting the Gear Train 

Stimuli created by Rudmann et al. (2003). Participants viewed 24 still images depicting 

problems that involve three or four engaged gears with an arrow indicating the direction 

of the initial gear. Each image consisted of the following elements: (a) a text question that 

asks about the direction of the target gear, (b) three or four colored gears, and (c) an 
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arrow showing the direction of the initial gear. Some of the problems had the initial arrow 

placed on the first gear, while in others the arrow was placed on the second gear, thus 

creating some irrelevant gears.  

The participants’ task was to determine the direction—clockwise or 

counterclockwise—of the target gear that is coded by its color in the presented question. 

Thus, participants must imagine and create a mental image and transfer motion mentally 

in order to solve the problem. As they do this, their eye movements were tracked in order 

to determine whether eye-behavior data represent properties of mental models or 

cognitive processes. Samples of the Gear Train Stimuli are shown in Figure 5.  

 
 

Figure 5. Gear Train Stimuli Samples. 
 

 

According to Rudmann et al. (2003), transferring the motion from one gear to 

another may be facilitated by viewing the intersection between the two gears; therefore, 



 

 

 
 

43

some of the images were presented with rectangular masks over the intersection areas in 

order to determine whether such masking interferes with more field-dependent 

participants’ problem-solving processes. A sample image with masked intersections is 

presented in Figure 6.   

 

Figure 6. Gear Train with Masked Intersections Sample. 
 
 
 
 
Procedure 

In this task, participants started by viewing an image of a visual gear problem; 

each image was presented as needed and until the participant solves the problem. When a 

participant decides on the direction of the target gear, he or she pressed a button, bringing 

up two responses indicated by two arrows, one pointing clockwise and the other pointing 

counterclockwise. The participant were asked to choose the direction of the target gear. 

Subsequently, the second problem appeared on the screen.  Additionally, participants 

were asked to think aloud as they solve the problems in order to determine whether they 

have started to think about alternative problem-solving strategies.   
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Data Analysis 

Eye-tracking systems produce a huge amount of data, which can be difficult to 

analyze consistently and accurately. The Tobii eye-tracker offers a great automated 

analysis system that helps to reduce the huge mass of collected data into a more compact 

form of data for analysis. In this study, the researcher used ClearView software for 

analysis purposes. This software provides some useful automated analysis tools that help 

in answering several research questions—relying, of course, on the participation of the 

researcher. In other words, these analysis tools could be considered semi-automated, as 

they require research preparation and interaction (Salvucci, 1999).  

 The diversity options of analysis tools help researchers to comprehensively 

answer desired research questions, and sustain results from several angels.  Noteworthy, 

such analysis tools produce huge amounts of data with different formats (numbers, 

images, and videos) in order to facilitate unique qualitative and quantitative 

interpretation. Three types of automated analysis tools were used to answer several 

research questions.  

A) The first automated analysis tool is the Area of Interest (AOI) definition tool. 

AOI tools allowed the researcher to divide each image into different regions or areas of 

interest (e.g., foreground object and the background in task one).  Then the system 

automatically tracked subject’s eye movements to quantify gaze data by relating eye gaze 

to the different regions on the screen. This type of area identification process was defined 

by previous researchers as a region-based method (Salvucci, 1999).  Sample of defined 

area of interest is shown in Figure 7.   
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Figure 7. Sample of AOI Analysis Tool. 
 

 

Eventually, AOI statistics were performed relative to the amount of fixation, time 

of the first fixation, and gaze durations of participants’ sights at defined regions.  In 

addition to quantitative data, the AOI analysis tool provided visual data that can represent 

collected data visually.  Such visual representations can be used before and after 

statistical analysis.  Such visual representations were used to initiate fast and tentative 

qualitative interpretations that predict statistical results; and they were used lately in the 

data analysis to enrich the conducted statistics with illustrated conclusions that support 

and triangulate study findings. 

B) The second analysis tool was used is the hot spot visualization tool. The 

significance of this tool is its ability to aggregate gaze data from multiple test 

participants. This tool allows superimposing a hot spot map over the task’s images. This 

hot spot map included fixation counts, gaze time and percentage of subjects that viewed a 

particular area.  
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C) The third automated analysis tool was the gaze plot visualization tool. This 

tool helped to understand an individual’s gaze behavior by displaying animations that 

represent the gaze points, fixations, and scan paths superimposed over the different 

images in the task.  In this study these three automated tools were used to collect and 

analyze data from visual attention and problem solving tasks. 

To address the first research question— How do individuals from Saudi Arabia 

and North America differ in their visual attention and memory? —two separate sets of 

data were conducted for answering this research question: a) Statistical data provided by 

eye tracker regarding fixation duration, and location of eye gaze, b) scores from object 

recognition or memory phase.  For the first set of data, a 2-way between groups 

multivariate analysis of variance MANOVA was used to determine if there were 

significant differences between Arab, immigrants, or American in the different behavioral 

characteristics of eye fixations.  This technique also takes into account the correlation 

among the dependent variables.   

However, the second set of data was analyzed using ANOVA analysis with 

cultural background (Arab, Immigrant, and American) as independent variable and object 

recognition scores as the dependent variable.   

To address the second research question— How do individuals from Saudi Arabia 

and North America differ in their preferred ways of perception? and do these differences 

depend on gender?—data collected from the GEFT task were analyzed. GEFT scores 

range from 0 to 18, with a higher score representing a more field-independent cognitive 

style. The score was the total number of simple forms correctly traced in the second and 
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third sections only.  In order to receive a credit for an item all lines of the target sample 

must be traced and omitted samples or samples with extra lines were scored as incorrect.  

The mean score of the GEFT was used as the cut point for identifying subjects as FD/H 

or as FI/A.  Students were typed as FI/A if they score 9 or more on the GEFT, 

conversely, they were categorize as FD/H when they scored less than 9 on that 

instrument. 

There is no universal standard cut point for the GEFT that induced researchers to 

use different cut points to label their subjects as FD/H or FI/A.  To illustrate, Witkin et al. 

(1971) used 11.4, Hansen (1984) used 8.46 as their cut points; whereas Dwyer and Moore 

(1998) used different methodology to identify GEFT cut point.   In the later study, 

researchers wanted to identify three levels of cognitive styles (field dependent, field 

neutral, and field independent).   The grand mean and standard deviation were calculated.  

Participants achieved one-half standard deviation above the grand mean were considered 

FI, students achieved one-half standard deviation below the mean will be considered FD.   

Field neutral students were those who achieved one-half standard deviation on either side 

of the mean.  For this research question a tow-way ANOVA analysis was conducted, with 

cultural background and gender as independent variables, and GEFT scores as the 

dependent measures.  Tukey HSD post-hoc analysis was conducted to compare 

perceptual cognitive scores between all three cultural groups.  Subsequently, Pearson’s 

Chi-squire coefficient test was computed through SPSS software, in order to measure the 

tendency of FD/H and FI/A in each group.      
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 To address the third research question— How do individuals from Saudi Arabia 

and North America differ in their abilities to problem solving?—a combination of 

automated analysis tools, coding schemes, and statistical analysis were employed.   

Three sub-questions followed this research question.  For the first sub-question— How 

do individuals from Saudi Arabia and North America differ in discovering and describing 

alternative solutions?— A qualitative approach was used to analyze participants’  eye-

movement sequences and thinking-aloud statements.   

Eye-movement sequences were examined and analyzed to determine the 

strategies that participants used while solving problems. The AOI and Gaze Plot 

automated tool were used in collecting and analyzing such data.  A standard sequential 

matrix that represents the logical transitions between gears in each individual image was 

conducted.  Participants’ eye movements’ sequences were evaluated as being compatible 

with the standard sequential models.    

In addition, Recorded audio materials were transcribed, and a coding scheme was 

developed for this type of analysis. Consequently, comparisons between qualitative and 

quantitative data were conducted to examine the existence of link and consistency 

between participants’ eye movements and perceptual cognitive processes.  

Consequently, Pearson’s Chi-squire coefficient test was computed, in order to 

measure the tendency of participants who convey standard sequential models in each 

cultural group. 

It is anticipated that adding masks to the intersection areas between gears would 

have some effect of hindering the problem-solving process and increasing the number of 
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fixations required to solve the problems, especially for more holists or field-dependent 

participants.  Thus, for the second sub-question — Does adding masks to gear’s 

intersections hinder solving problem across cultures?— a two-way ANOVA with 

repeated measures was conducted to explore the impact of using two types of pictures 

(masked and nonmasked) on learner count of fixation and problem-solving scores. 

Cultural background (Arab, Immigrants, and American) and gender (male/female) were 

considered as the independent variables for this type of analysis.   

For the third sub-question —How do individuals from Saudi Arabia and North 

America differ in fixating on irrelevant environmental regions?— A one way ANOVA 

was conducted to determine whether there are differences among participants with 

different cultural background in being disturbed by irrelevant information.  Cultural 

background (Arab, Immigrant, and American) were considered as the independent 

variable; whereas number of fixation in particular region (where irrelevant gears are 

located) were the dependent measure.  This analysis was followed by Tukey post-hoc 

test. 

 To address the final research question—Are there differences between males and 

females in recognition abilities, perceptual cognitive preferences, and solving problem 

abilities and do these differences depend on their cultural background?— MANOVA 

analysis was conducted to identify the interactions among the independent variables and 

on the set of three dependent variables.  
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The following section shows four Tables (Table 1, 2, 3, and 4) that represent summary of 

each research question, and its correspondent independent variable, dependent measures, 

data type/source, and proposed data analyses.  



 
 
 
Table 1   
 
Summary analysis of research question 1. How do individuals from Saudi Arabia and North America differ in their 
visual attention and memory? 
 

Research Question Independent Variable Dependent 
measures 

Data Type/Source Proposed 
data 

analyses 
1. a:     How do individuals 
from Saudi Arabia and North 
America differ in their visual 
attention?  

Cultural background (3) 
- Saudi Arabian 
- Immigrants 
- American 

 
Gender (2) 

- Male 
- Female 

Eye Gaze Data (3) 
 

1. Number of 
fixation on 
object 

2. Number of 
fixation on BG 

3. Number of all 
fixation 

4. Duration 
5. Time to first 

fixation 

1. Count of 
fixation 

2. Sum of fixation 
durations 

3. Percent of 
fixations on 
objects verses 
background 

 
 
 
Two-way 
ANOVA  

1. b:     How do individuals 
from Saudi Arabia and North 
America differ in their 
memory? 

Cultural background (3) 
- Saudi Arabian 
- Immigrants 
- American 

Object recognition 
scores  
(participants’ 
answers) 

Total scores from 
object recognition 
(Yes/No)  

 
One-way 
ANOVA 
Tukey 
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Table 2   
 
Summary analyses of research question 2.  How do individuals from Saudi Arabia and North America differ in their 
preferred way of perceptions? 

Research Question Independent Variable Dependent measures Data Type/Source Proposed 
data analyses

How do individuals from 
Saudi Arabia and North 
America differ in their 
preferred ways of 
perception?  and do these 
differences depend on 
gender? 

Cultural background 
(3) 

- Saudi Arabian 
- Immigrants 

      -     American  
 
Genders (2)  

- Males 
- Females 

 

GEFT Scores 
 

 
 

Total number of 
embedded items 
correctly located 
and identified. 

2- way 
ANOVA 
 
Tukey 

  Group membership 
 

FD/H or FI/A 
group membership 

Chi-squire 
coefficient 
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Table 3   
 
Summary analysis of research question 3. How do individuals from Saudi Arabia and North America differ in their 
abilities to visual problem solving? 

Research Question Independent Variable Dependent measures Data Type/Source Proposed data 
analyses 

3.a:  How do individuals 
from Saudi Arabia and 
North America differ in 
discovering and describing 
alternative solutions? 

Cultural background 
(3) 

- Saudi Arabian 
- Immigrants 
- American 

Eye Gaze Data of 
Problem Solving Task  

Percent of 
sequential 
movements 
 
 

Qualitative 
analysis, 
followed by 
Chi- square 

 
 
 
 
3.b:  Does adding masks to 
gear’s intersections hinder 
solving problem across 
cultures 

Cultural background 
(3) 

- Saudi Arabian 
- Immigrants 
- American 

 
Gender (2) 

- male 
- female 

Type of images (2) 
- with masks 
-      without 
masks 

 
1. Sum of count 

of fixation on 
M  

2. sum of count of 
fixation on NM 

3. Scores solved 
M pictures 

4. Scores solved 
NM pictures 

mixed within-
between 
subjects 
Analysis 

3.c: How do individuals 
from Saudi Arabia and 
North America differ in 
fixating on irrelevant 
environmental regions? 

Cultural background 
(3) 

- Saudi Arabian 
- Immigrants 
- American   

 

Eye Gaze Data (1) 
 
1. Number of fixation 
in defined region. 

Count of fixation 
in particular region 
(where irrelevant 
gears are located) 

 One way 
ANOVA 
 
Tukey 
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Table 4   
 
Summary analyses of research question 4. Are there differences between males and females in recognition abilities, 
perceptual cognitive preferences, and solving problem abilities and do these differences depend on their cultural 
background? 

Research Question Independent Variable Dependent measures Data Type/Source Proposed 
data analyses

Are there differences 
between males and 
females in recognition 
abilities, perceptual 
cognitive preferences, 
and solving problem 
abilities and do these 
differences depend on 
their cultural 
background? 

- Genders (2)  
- Males 
- Females 

 
 - Cultural background 
(3) 

- Saudi Arabian 
- Immigrants 
- American 

Perceptual Cognitive Tasks 
(3) 
  
1. Visual Attention Task 
2. GEFT 
3. Problem Solving Task 

1. Scores of 
recognition 
phase 

2. Total scores of 
GEFT 

3. Total number of 
correctly solved 
problems 

  
 
(MANOVA) 
with 
discriminant 
analysis 
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4. Results 
 
 
 
 

This chapter presents the results of the statistical and descriptive analyses. The 

results and analysis of each of the four research questions are presented in a broad 

manner followed by a more detailed analysis. Tables and figures are included to 

provide descriptive and statistical information on the dependent measures.  

 

Participants 

Although 90 students participated in this study (30 Arabs, 30 immigrants, and 

30 Americans), some participants were dropped because of a technical failure in 

collecting eye-tracking data. Each research question was considered independently 

because its data were collected differentially during an independent task. Thus, the 

number of participants studied varied among the four research questions. For the first 

research question, 3 participants were dropped from the Arab group, 1 from the 

immigrant group, and 1 from the American group. For the second research question, 

no participants were dropped because data were collected using a paper-and-pencil 

test, and thus no data were found to be missing. For the third research question, 2 

participants were dropped from the immigrant group due to the collection of 

inaccurate eye-tracking data. For the fourth research question, no participants were 

dropped because no data were found to be missing (see Table 5).   
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Table 5   
 
Number of participants in each research question across the three 
cultural groups 

Research 
Question Arab Immigrant Americans 

1 27 29 29 
2 30 30 30 
3 30 28 30 
4 30 30 30 

  
 
 

Research Question 1 

 
To address the first research question—how do individuals from Saudi Arabia 

and North America differ in their visual attention and memory—data from the Visual 

Attention Task were analyzed, which was a two-level task. At the first level, subjects’ 

eye movements were tracked to examine cultural variations in eye-tracking processes 

and visual attention while viewing sets of images with different objects on different 

busy backgrounds, whereas at the second level, a recognition task targeted subjects’ 

memory and recognition abilities. A 2-way analysis of variance (ANOVA) was 

conducted to investigate cultural and gender differences in 5 different behaviors 

related to eye fixation and visual attention.   The 5 dependent variables were the (a) 

number of fixations on backgrounds, (b) number of fixations on objects, (c) sum of all 
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fixations, (d) sum of the fixations’ duration, and (e) time to first fixation. The 2 

independent variables were (a) cultural background and (b) gender. 

The 2-way ANOVA results showed statistically significant main effect of 

cultural background was found only for (a) number of fixation on backgrounds F= (2, 

79) = 3.33, p = .04,  partial eta squared = .078, Cohen’s d= 0.45 and (b) time to first 

fixation F= (2,79) = 3.82, p = .026, partial eta squared = .088, Cohen’s d = 0.384. 

According to Cohen’s (1988) system of classification for partial eta squared, eta= .01 

is a small effect size, eta= .06 is a medium effect size, and eta= .14 is a large effect 

size. According to Cohen’s system of classification for Cohen’s d, d = .2 is a small 

effect size, d = .5 is a medium effect size, and d = .8 is a large effect size.   

Additionally, the results show a statistically significant main effect of gender on 

(a) duration spent on objects F= (1, 79) = 4.47, p = .038, partial eta squared= .054, 

Cohen’s d = 0.45 and (b) time to first fixation F= (1, 79) = 9.41, p = .003, partial eta 

squared = .11, Cohen’s d = 0.597. Furthermore, the results indicated statistically 

significant evidence of an interaction effect. A statistically significant difference 

between males and females was found across all three groups on (a) number of 

fixations on objects F= (2, 79) = 3.07, p = .05, partial eta squared = .07, Cohen’s d = 

0.23, (b) the sum of all fixations F= (2, 79) = 3.59, p = .032,  partial eta squared = .08, 

Cohen’s d = 0.512,  (c) and the time to first fixation F = (2, 79) = 9.28, p = .00, partial 

eta squared = .20, Cohen’s d = 0.84; (see Table 6).
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Table 6   
 
Results of between-subjects effects test 
     Culture    .     Gender    . Interaction culture/gender
 
  Dependent Variable 

 
F 

 
Sig. 

Partial 
eta Sq. 

 
F 

 
Sig. 

Partial 
eta Sq. 

 
F 

 
Sig. 

Partial 
eta Sq. 

Sum of OB Fixation 1.439 .243 .035 .005 .944 .000 3.074 .052 .072 

  Sum of BG Fixation 3.327 .041 .078 .134 .716 .002 .778 .463 .019 

Sum of all Fixation 2.346 .102 .056 .118 .732 .001 3.596 .032 .083 

  Sum of OB Duration 1.532 .222 .037 4.469 .038 .054 2.686 .074 .064 

Time First Fixation 3.820 .026 .088 9.408 .003 .106 9.280 .000 .190 
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Mean Scores of Cultural Background Differences 

An inspection of the mean scores indicated that the American subjects 

exhibited a slightly higher number of fixations on background (M = 152.32, SD = 

34.55) than did Arab (M = 131.86, SD = 43.10) or immigrant (M = 129.51, SD = 

31.49) subjects (see Table 7). Specifically, the results from the post-hoc HSD show a 

statistically significant difference between the number of American and Arab 

fixations on background by at least 20.46 fixations (p = .042) and between the 

number of American and immigrant fixations on background by at least 22.81 

fixations (p = .021; see Table 8). However, the results show no statistically significant 

difference between the number of Arab and immigrant fixations on background (p = 

.81).  

 The results for the time spent to first fixation show that Arabs had the highest 

mean score (M = 383.1, SD = 152.63) followed by immigrants (M = 332.2, SD = 

87.97) and then Americans (M = 318.4, SD = 88.86; see Table 7 and Figure 8). 

Specifically, the post-hoc results show a statistically significant difference between 

the Arab and American first fixation by at least 81.744 milliseconds (p = .011) and 

between the Arab and immigrant first fixation by at least 67.94 milliseconds (p = 

.034). However, the results show no statistically significant difference between the 

American and immigrant time to first fixation (p = .655; see Table 8).  

The results indicated that the Arabs were the slowest to fixate on objects 

because they spent more time saccading and skimming, rapidly moving their eyes 

over different parts of the images before their first fixation. The Americans fixated on 
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objects most rapidly and the immigrants fixated at a speed between that of the Arabs 

and Americans.  

 

 

Table 7   
 
Mean scores and standard deviations of sum of BG fixation and time to first 
fixation 
Cultural background M SD 
  

Sum of BG fixation 
Arab 131.858 43.10 

  Immigrant 129.505 31.49 
American 152.317 34.55 

  
Time to first fixation 

  Arab 387.753 152.63 
Immigrant 332.190 87.97 

  American 318.386 88.86 
 
 
 

Table 8   

Tukey post-hoc HSD test for sum of BG fixation and time to first fixation 

Dependent 
Variable 

Cultural 
Background 

(I) 
Cultural 

Background (J) 

Mean 
Differences   

(I-J) Sig. 
Sum of BG 

fixation Arab Immigrant 2.354 .81 
 Arab American 20.46 .042 
 Immigrant American 22.81 .021 

Time to 1st 
Fixation Arab Immigrant 67.94 .034 

 Arab American 81.744 .011 
 Immigrant American 13.804 .655 
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Figure 8.  Mean scores of sum of BG fixation and time to first fixation. 

 

 
Mean Scores of Gender Differences 

An inspection of the mean scores for gender indicate that females recorded 

slightly higher scores for the measure of fixation duration on objects (M = 11882.684, 

SD = 3361.24 than did males (M = 10343.93, SD =3511.175). Specifically, the 

results show that females spent more time fixated on objects than did males across all 

three cultural groups by at least 1538.75 milliseconds (p = .038). Additionally, 

females demonstrated a shorter duration before their first fixation on objects (M = 

311.10, SD= 75.52) than did males (M = 389.37, SD = 171.89; see Table 9 and 

Figures 9 and 10). These results indicate that the females fixated on objects more 

rapidly than did the males by at least 78.27 milliseconds (p = .003). 
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Table 9   
 
Gender Differences for Sum of OB Duration and Time to First Fixation 

Gender M SD 
 Sum of OB duration 
  Male 10343.930 3511.175 
Female 11882.684 3361.24 

 Time to first fixation 
  Male 389.368 171.89 
Female 311.103 75.52 
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Figure 9. Gender differences across cultures on duration of object fixation. 
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Figure 10.  Gender differences across cultures on time to first fixation. 

 
 
 
 

Mean Scores of Interaction of Gender and Cultural Background 

An inspection of the mean scores of the interaction of gender and cultural 

background indicates that Arab females (M = 168.4, SD = 28.04) and American 

females (M = 168.4, SD = 26.34) recorded more count on fixation on objects than did 

Arab males (M = 150.33, SD = 39.05) and American males (M = 162.43, SD = 

36.96). However, male immigrants recorded more count of fixation on objects (M = 

184.93, SD = 26.71) than did immigrant females (M = 162.36, SD = 32.20).   

Subsequently, the results show that Arab females (M = 308.20, SD = 40.96) 

and American females (M = 321.53, SD = 40.42) recorded more count of fixation on 

the sum of all fixations than did Arab males (M = 274.25, SD = 70.95) and American 

males (M = 313.93, SD = 34.46). However, immigrant males recorded more count of 
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fixation on objects (M = 318.80, SD = 39.80) than did immigrant females (M = 

287.50, SD = 44.75).   

Additionally, the results showed that Arab females (M = 288.73, SD = 51.84) and 

American females (M = 288.90, SD = 54.75) spent less time skimming pictures 

before their first fixation on objects than did Arab males (M = 511.53, SD = 243.46) 

and American males (M = 347.87, SD = 108.82), which means that Arab and 

American females fixated more rapidly on objects than did Arab and American 

males. The opposite was found within the immigrant group; immigrant males fixated 

more rapidly (M = 308.71, SD = 74.49) than did immigrant females (M = 355.67, SD 

= 97.28; see Table 10 and Figures 11, 12, and 13). 

 

Table 10   
 
Sum of OB Fixation, Sum of All Fixations, and Time to First Fixation for Interaction 
of Background and Gender 

 Sum of OB fixation 
 Male. Female. 

Cultural Background M SD M SD 
Arab 150.333 39.05 168.400 28.4 
Immigrant 184.933 26.71 162.357 32.20 
American 162.429 36.96 168.400 26.34 
 Sum of all fixations 
 Male Female. 
 M SD M SD 
Arab 274.250 70.95 308.200 40.96 
Immigrant 318.800 39.80 287.500 44.75 
American 313.929 34.46 321.533 40.42 
 Time to first fixation 
 Male Female 
 M SD M SD 
Arab 511.526 243.46 288.734 51.84 
Immigrant 308.708 74.49 355.673 97.28 
American 347.871 108.82 288.901 54.75 
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Figure 11. Interaction of gender and cultural background on object fixation. 
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Figure 12.  Interaction of gender and cultural background on sum of all fixation. 
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Figure 13.  Interaction of gender and cultural background on time to first fixation. 
 

 
 

Research Question 1.2 

 
To address research question 1.2—how do individuals from Saudi Arabia and 

North America differ in their memories?—a one-way between-groups analysis of 

variance was conducted to explore the impact of cultural background on object 

recognition scores, which represent memory. The results showed no statistically 

significant difference among Arabs, immigrants, and Americans in their recognition 

scores F (2, 82) = 2.010, p = .141. 

 

 Research Question 2 

 
To address the second research question—how do individuals from Saudi 

Arabia and North America differ in their preferred ways of perception, and do these 

differences depend on gender?—data from the Group Embedded Figure Test (GEFT) 
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were analyzed. The GEFT is a paper-and-pencil test that required participants to 

break up and organize the visual field in order to separate portions of it. 

A two-way between-groups analysis of variance ANOVA was conducted to 

explore the impact of cultural and gender differences on subjects’ cognitive style as 

measured by the GEFT. The total GEFT score was the dependent variable, while 

cultural background (Arab, immigrant, or American) and gender (male or female) 

were the independent variables. The results showed that there was a statistically 

significant main effect of cultural background at the p < .05 level on learners’ 

cognitive style or preferred ways of perception F (2, 84) = 6.039, p = .004 with a 

medium to large effect size when calculated using eta squared = 0.126 and a medium 

effect size when calculated using Cohen’s d = .59.   

  However, the results showed that the main effect of gender F (1, 84) = 1.065, 

p = .31, and the main effect of interaction F (2, 84) = .397, p = .674 did not reach 

statistical significance for learners’ preferred way of perception as tested by the 

GEFT (see Table 11). The effect sizes were calculated using partial eta squared = 

.013 and Cohen’s d = 0.35 with the gender effect and eta squared = .009, and Cohen’s 

d = 0.266 with the interaction effect, which are very small effect sizes according to 

Cohen’s classification. It is therefore not surprising that the results did not reach 

statistical significance. 
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Table 11   
 
Two-way ANOVA Analysis of GEFT Scores 

Effect F Sig. 
Partial eta 

squared 
  Culture 6.039 .004 .126 
Gender 1.065 .305 .013 

  Culture X gender .397 .674 .009 
 

 

Means Scores of Cultural Background Differences 

When the results for the dependent variables were considered separately, the 

results show statistically significant differences between the Arab and American 

GEFT scores at the p < .05 level. Specifically, the post-hoc comparisons using the 

Tukey HSD test indicate that the mean American GEFT score (M = 12.57, SD = 

4.99) was significantly different from the mean Arab GEFT score (M = 8.77, SD = 

3.54). However, the mean immigrant score (M = 10.13, SD = 4.13) was not 

statistically significantly different from either the Arab or American score (see Tables 

12, 13 and Figure 14). 

 

 
 

Table 12   
 
Means and standard deviations of GEFT scores by cultural background 
Cultural background M SD 

Arab 8.77 3.540 
Immigrant 10.13 4.133 
American 12.57 4.987 
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Figure 14.  GEFT scores across cultural groups. 
 

 

Mean Scores of Gender Differences 

The gender main effect did not show any statistical significance for GEFT 

scores (p = .305), which indicates that there were no significant differences between 

Table 13   
 
Tukey post-hoc HSD test for GEFT scores 

Cultural 
Background (I) 

Cultural 
Background (J) 

Mean 
differences Sig. 

Arab Immigrant 1.37 .437 
Arab American 3.80 .003 

Immigrant American 2.43 .78 
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males (M = 10.02, SD = 5.0) and females (M = 10.96, SD = 3.94) across the cultural 

groups (see Table 14). 

 

Table 14   
 
Means and standard deviations of GEFT scores by gender 

Gender M SD 
Male 10.02 5.002 

Female 10.96 3.937 
 

 

 

Mean Score of the Interaction of Cultural Background and Gender 

Although the results showed no statistically significant main effect for the 

interaction of cultural background and gender, an inspection of the mean scores 

indicates that the differences between the genders across the three cultural groups 

were not equal. Both Arab and immigrant females reported higher GEFT scores than 

did were Arab and immigrant males, whereas American males reported higher GEFT 

scores than did American females. To elaborate, Arab females reported a higher mean 

GEFT score (M = 9.47, SD = 2.99) than did Arab males (M = 8.07, SD =3.99).  

Immigrant females reported a higher mean GEFT score (M =10.93, SD=3.43) than 

did immigrant males (M = 9.33, SD = 4.72). On the other hand, American females 

reported a lower mean GEFT score (M = 12.47, SD = 4.81) than did American males 

(M = 12.67, SD = 5.33; see Table 15 and Figure 15). 
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Figure 15. Interaction of gender and cultural backgrounds of GEFT scores. 
 
 
 

The results from a chi-square test for independence showed that 50% of Arabs 

were holistic or field dependent (FD) and 50% were analytical or field independent 

(FI), 36.7% of immigrants were holistic or FD 63.3% were analytical or FI, and 

26.7% of Americans were holistic or FD or 73.3% were analytical or FI. These results 

Table 15   
 
Means and standard deviations of GEFT scores by interaction of cultural 
background and gender 
      Male    .      Female     . 
 M SD M SD 
Arab 8.07 3.990 9.47 2.997 
Immigrant 9.33 4.716 10.93 3.432 
American 12.67 5.327 12.47 4.809 
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indicate that both the Americans and immigrants tend to have a more analytical 

cognitive style (more fields independent) whereas the Arabs are exactly balanced in 

their tendency to use either an analytical or holistic style (see Table 16). The 

researcher suggests conducting similar tests with a larger number of subjects.  

 

 

Table 16   
 
Learner cognitive style by cultural background 
 Cognitive style 

Cultural background FD/holistic FI/analytical 
Arab 50.0% 50.0% 
Immigrant 36.7% 63.3% 
American 26.7% 73.3% 

 

 

Research Questions 3 and 3.1 

 
To address the third research question and its first subquestion—how do 

individuals from Saudi Arabia and North America differ in their problem-solving 

abilities? How do individuals from Saudi Arabia and North America differ in 

discovering and describing alternative solutions—data from a visual problem-solving 

task were analyzed. The visual problem-solving task was conducted while 

participants’ eye movements were tracked and their responses audio recorded. The 

participants were required to imagine and create mental images and solutions to solve 

a problem.  
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This research question first required analysis of data that had been collected 

qualitatively followed by a statistical analysis. Two types of qualitative data were 

examined: (a) the think-aloud audio data and (b) eye-movement sequence data 

obtained using the Gaze Plot automated tool offered by the Tobii eye-tracking 

system. However, all but 5 participants of all 3 groups could not adequately perform 

the think-aloud process, finding it difficult and distracting to talk aloud while thinking 

and trying to solve problems. These results accord with previous research that 

reported that participants are less successful and  tend to make more errors when they 

are required to think aloud while focusing and trying to complete a complex task 

(Cooke & Cuddihy, 2005). Thus, at the end of this task, the researcher asked the 

subjects directly what they thought about this task and if they had noticed any themes 

or patterns between the displayed images. The subjects’ answers were recorded to 

explore if they had found an alternative solution and had used it to solve the visual 

problems.  The audio data were transcribed using Transana software and a coding 

scheme was developed.  Transcribed responses from the think aloud were read in 

entirety, then examined and coded line by line for each respond expressed using 

verbatim statements when possible.  Responds from the line by line coding were 

grouped into the following categories: notice of pattern or theme (alternative solution) 

within the displayed pictures, time in noticing the pattern, and implementing the 

alternative solution.  Regarding the eye gaze data, a standard sequential matrix that 

represents the logical transitions between gears in each individual image was 

conducted.  Participants’ eye movements’ sequences were evaluated as being 
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compatible with the standard sequential models.  The recorded codes were then 

compared to the Gaze plot data to report a “yes” or “no”  response for each subject 

depending on whether the subject had found the alternative solution and used it (see 

Figure 16). The subjects who had figured out the alternative solution at the beginning 

or middle of the task and expressed it clearly in their answer were recorded as “yes” 

whereas subjects who found neither the alternative solution nor any pattern, or said 

that they had thought about the alternative solution but had not used it because they 

were aiming to ensure their answers were recorded as “no.” 

 

 

 

Figure 16.  Gaze Plot (automated analysis tool). 
 

 

These yes/no answers were later analyzed using SPSS and the chi-square test 

for independence to conclude that 60% of Arabs neither found the alternative solution 
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nor even mentioned it in their answer whereas 40% found it and used it. Of the 

immigrants, 36.7% neither found nor used the alternative solution whereas 63.3% 

found it and used it. Of the Americans, 33.3% neither found nor used the alternative 

solution where 66.7% found it and used it (see Table 17). To elaborate, the 

Americans appeared better able to find the alternative solution and use it than did the 

immigrants, whereas the Arabs appeared to stick with the given instructions and 

never consider alternatives or an easier solution. These results indicate that the Arabs 

have a more characteristically holistic cognitive style than do the immigrants and 

Americans, who appear to have a more characteristically analytical cognitive style.   

 

 
Table 17   
 
Percentage of subjects who found alternative solution by cultural background 

Alternative solution 
Cultural background Did not find Found 

  Arab 60.0% 40.0% 
Immigrant 36.7% 63.3% 

  American 33.3% 66.7% 
 
 
 
 

Research Question 3.2 

 
To answer research question 3.2—does adding masks to gear intersections 

hinder problem-solving across cultures?—a two-way ANOVA with repeated 

measures was conducted to explore the impact of using two types of pictures (masked 
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and nonmasked) on learner count of fixation and problem-solving scores. Three 

variables were involved in this analysis:  

1. A categorical independent within-subjects variable (Masked/nonmaksed 

pictures).  

2. A categorical independent between-subjects variable (cultural background; 

Arab, immigrant, or American; gender).  

3. A continuous dependent variable consisting of (a) count of fixation on masked 

pictures and number of fixations on nonmasked pictures and (b) problem-

solving scores on masked pictures and nonmasked pictures. 

 

Impact of Using Different Types of Images on Subject Count of Fixation 

 

Within-Subject Effects 

 The results from the within-subject effect analysis showed a statistically 

significant main effect for type of displayed pictures (masked or nonmasked) on 

subjects’ count of fixations Wilks’ Lambda (Λ = .95), F (1, 82) = 4.061, p = .047) 

with a moderate effect size when calculated with partial eta squared, partial eta 

squared = .047.  An inspection of the mean scores of the count of fixation on the 2 

types of image indicated that there was a statistically significant difference at the p < 

.05 level between the masked (M = 307.43, SD = 143.57) and nonmasked pictures (M 

= 323.40, SD =143.39). Specifically, subjects fixated on nonmasked more than on 

masked pictures by 15.97 at p = .05.  However, the results showed no statistically 
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significant main effect for interaction between type of image and cultural background 

F (2, 82) = 1.508, p = .227, Wilks’ Lambda (Λ = .227),  partial eta squared= .035, 

between type of image and gender F (1, 82) = .533, p = .467, Wilks’ Lambda (Λ= 

.227), partial eta squared = .006, or among type of image, culture, and gender F (2,82) 

= .492, p = .613, Wilks’ Lambda (Λ=.613), partial eta squared = .012, which indicates 

that differences on learner count of fixation for the masked and nonmasked images 

are the same across cultural backgrounds (see Table 18 and Figure 17).  

 

 

 
Table 18   
 
Within-Subjects Effect Test Results Using Wilks’ Lambda 

Effect Value F    Sig.     
Partial 
eta squ. 

  Image type  .953 4.061 .047 .047 
Image type/culture  .965 1.508 .227 .035 

  Image type/gender  .994 .533 .467 .006 
Image type/culture/  gender  .988 .492 .613 .012 
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Figure 17.  Cultural differences of count of fixations on masked and non-masked 
pictures. 
 
 

Between-Subjects Effects 

The results of the between-subjects effects analysis showed a statistically 

significant main effect of cultural background on subject count of fixation F (2, 82) = 

5.822, p = .004, partial eta squared= .124. However, gender main effect F (1, 82) = 

1.341, p = .250, partial eta squared = .016 and interaction main effect between 

cultural background and gender F (2, 82) = 1.543, p = .220, partial eta squared = .036 

did not reach statistical significance (see Table 19).  

Table 19   
 
Results of Between-Subjects Effects Analysis 

Effect F Sig, 
Partial eta 

squared 
Cultural background 5.822 .004 .124 

 Gender 1.341 .250 .016 
Cultural background /Gender 1.543 .220 .036 
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 Mean Scores of Cultural Background Differences 

An inspection of the post-hoc comparisons using the Tukey HSD test 

indicates that there is a statistically significant difference between groups with 

different cultural backgrounds at the p < .05 level. There is a statistically significant 

difference between Arab (M = 377.58, SD = 148.88) and American (M = 264.48, SD 

= 105.19) count of fixation (see Table 20). Specifically, Arabs fixated more than did 

Americans by at least 119.80 fixations at p = .002. However, the results show that the 

difference between immigrant (M = 304.17, SD = 148.93) and Arab and American 

count of fixation was not statistically significant (p= .055, p= .471; see Table 20, and 

21). 

 

 
Table 20   
 
Mean scores and standard deviations of cultural background and count of 
fixation 

Cultural background M SD 
Arab 377.580 148.88 
Immigrant 304.174 148.93 
American 264.483 105.19 
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Mean Scores of Gender Differences 

An inspection of the mean scores of gender indicated that there was no 

statistically significant difference between males (M = 299.36, SD = 140.14) and 

females (M = 331.47, SD = 145.41) at p = .25. Additionally, these results were 

associated with a small effect size when calculated with partial eta squared = .016 and 

Cohen’s d = 0.225.  

Mean Scores of Interaction of Cultural Background and Image Type 

An inspection of the mean scores of the count of fixation on type of image 

across the 3 groups indicated that there was no statistically significant main effect of 

interaction at the p < .05 level between count of fixation on masked and nonmasked 

pictures (p = .234). To elaborate, Arabs fixated more on nonmasked pictures (M = 

397.93, SD = 150.87) than masked pictures (M = 370.63, SD = 146.89) whereas 

Americans fixated more on masked pictures (M = 266.03, SD = 111.50) than 

nonmasked pictures (M = 262.93, SD = 98.89). Immigrants fixated more on 

nonmasked pictures (M = 315.71, SD = 144.99) than masked pictures (M = 293.21, 

SD = 152.90; see Table 22).  

 

Table 21   
 
Tukey post-hoc HSD test of cultural differences in count of fixation 

Cultural 
Background (I) 

Cultural 
Background (J) 

Mean 
differences Sig. 

Arab Immigrant 79.82 .055 
Arab American 119.80 .002 

Immigrant American 39.68 .471 



 

 

 
 

81

 
Table 22   
 
Mean scores and standard deviations of interaction of cultural 
background and image type 
 Masked    . Nonmasked    . 
Cultural Background M SD M SD 
Arab 370.63 146.89 397.93 150.87 
Immigrant 293.21 152.90 315.71 144.99 
American 266.03 111.50 262.93 98.89 

 

 

Impact of Image Type on Subject Problem-Solving 

 

 Within-Subject Effects 

 The results of the within-subject effect analysis showed no statistically 

significant main effect for type of displayed image (masked or nonmasked) on subject 

problem- solving scores F (1, 82) = .739, p = .393, Wilks’ Lambda (Λ= .991), partial 

eta squared = .009. However, the results showed a statistically significant main effect 

of interaction between type of image and gender F (1, 82) = 5.115, p = .026,’ Lambda 

(Λ = .941),  partial eta squared = .059. These results indicate that the type of image 

affected male problem-solving scores differently than it did female problem-solving 

scores. To elaborate, males recorded higher scores solving masked pictures (M = 

9.95, SD = 2.33) than solving nonmasked pictures (M = 9.713, SD = 2.36) whereas 

females recorded higher scores solving nonmasked pictures (M = 9.81, SD = 2.295) 

than masked pictures (M = 9.29, SD = 2.06).  
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However, the results showed neither a statistically significant main effect of 

interaction between type of image and cultural background F (2, 82) = .010, p = .990, 

Wilks’ Lambda (Λ= 1.00), partial eta squared= .000) nor among type of image, 

cultural background, and gender F (2,82) = .040, p = .961, Wilks’ Lambda (Λ=.999), 

partial eta squared = .001; (see Table 23 and Figure 18).  

 

 

 
Table 23   
 
Within-subject effects test using Wilks’ Lambda 

Effect Value F Sig. 
Partial eta 

squ. 
Image type .991 .739 .393 .009 
Image type/culture 1.000 .010 .990 .000 
Image type/gender .941 5.115 .026 .059 
Image type/culture/gender .999 .040 .961 .001 
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Figure 18.  Cultural differences of problem solving scores on masked and non-
masked pictures 
. 
 
  
 
 
 Between-Subjects Effects 

 
The results of the between-subjects effects analysis showed a statistically 

significant main effect of cultural background on subject problem-solving scores on 

the different types of pictures F (2, 82) = 9.434, p = .000, partial eta squared = .187. 

Additionally, the results showed a statistically significant main effect of gender F (1, 

82) = .458, p = .500, partial eta squared = .006.  However, the interaction main effect 

between cultural background and gender F (2, 82) = 1.23, p = .884, partial eta 

squared= .003 did not reach statistical significance (see Table 24). 
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Table 24   
 
Tests of between-subjects effects 
  Cultural background F Sig. Partial eta squared
Culture 9.434 .000 .187 

  Gender .458 .500 .006 
Culture/gender .123 .884 .003 

 

 

Mean Scores of Cultural Background 

An inspection of the mean scores of the cultural backgrounds indicates that 

there is a statistically significant difference at the p < .05 level. Specifically, the post-

hoc comparisons using the Tukey HSD test indicate that there was a statistically 

significant difference between Arab problem-solving scores on the different types of 

pictures(M = 8.503, SD = 2.55) and immigrant problem-solving-scores (M = 9.856, 

SD =1.97). Additionally, there was a statistically significant difference between Arab 

and American problem-solving scores (M = 10.70, SD = 1.63; see Table 25). 

Specifically, Americans scored higher than did Arabs by at least 2.22 (p = .000) 

whereas immigrants scored higher than did Arabs by at least 1.37 (p = .025). 

However, the results showed that the difference between American and immigrant 

problem-solving scores is not statistically significant (p = .238; see Table 26). 
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Table 25   
 
Mean and standard deviation of problem-solving score by cultural 
background 

Cultural background M SD 
Arab 8.503 2.55 
Immigrant 9.856 1.97 
American 10.700 1.63 

 

 

 

Mean Scores of Gender Main Effect 

An inspection of the gender mean scores indicates a statistically significant difference 

between males (M = 9.83, SD = 2.35) and females (M = 9.544, SD = 2.18. 

Specifically, male problem-solving scores are higher than female scores by at least 

.285 (p = .50).   

 

Research Question 3.3 

 To address research question 3.3—how do individuals from Saudi Arabia and 

North America differ in fixating on irrelevant environmental regions?—a one-way 

between-groups analysis of variance ANOVA was conducted to explore the impact of 

Table 26   
 
Tukey post-hoc HSD test of cultural differences in  problem solving 

Cultural 
Background (I) 

Cultural 
Background (J) 

Mean 
differences Sig. 

Arab Immigrant 1.37 .025 
Arab American 2.22 .000 

Immigrant American .84 .238 
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cultural background on subject eye-behavioral data, specifically their eye fixation on 

irrelevant environmental regions. The results showed a statistically significant 

difference among Arabs, immigrants, and Americans in their eye fixation on 

irrelevant areas F (2, 87) = 5.881, p = .004, Cohen’s d = 0.61 with a medium effect 

size. To elaborate, the results from the post-hoc comparisons using the Tukey HSD 

test indicate a statistically significant difference between Arabs and Americans in 

their count of fixation (p = .003). However, neither the difference between the Arab 

and immigrant count of fixation (p = .489) nor the difference between the immigrant 

and American count of fixation (p = .082) reached statistical significance. 

Specifically, the Arabs fixated on irrelevant data (M = 13.83, SD = 12.09) more do 

than both immigrants (M = 10.75, SD = 11.52) and Americans (M = 4.90, SD = 6.14; 

see Table 27 and Figure 19).  
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Table 27  
 
Mean scores and standard deviation of fixation on irrelevant gears by 
cultural background 
Cultural background M SD 
Arab 13.83 12.089 
Immigrant 10.75 11.520 
American 4.90 6.138 
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Figure 19.  Mean scores of fixation on irrelevant gears by cultural background. 
 

 

The results were supported by visual data produced by the hot-spot automated 

analysis tool contained in the Clearview analysis software within the Tobii eye-

tracking system. Figure 20 shows two samples of the hot-spot tools on one of the 

pictures that were displayed on the third task. The picture on the left shows the sum 

of all Arabs’ fixations on one visual problem, whereas the picture on the right shows 
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that the sum of all Americans’ fixations on the same visual problem. The gray frame 

surrounds the area or region with irrelevant data. Comparing the two pictures 

provides qualitative evidence of how Arab subjects fixated more on the highlighted 

area than did American subjects.   

 
Figure 20.  Comparison between Arab and American hot-spot analysis on irrelevant 
regions. 
 

 
Research Question 4 

 
       To address the fourth research question—are there differences between males 

and females in recognition abilities, perceptual cognitive preferences, and problem-

solving abilities, and do these differences depend on cultural background?—a two-

way between-groups multivariate analysis of variance MANOVA was conducted to 

investigate sex and cultural differences during different cognitive processes.  And to 

explore if there are any liner combinations of the dependent variable that may 

discriminant or separate the groups. The dependent variables were recognition scores, 

GEFT scores, and problem-solving scores; while the independent variables were 
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gender and cultural background. Preliminary assumption testing was conducted to 

check for normality, linearity, and univariate and multivariate outliers. Comparison of 

the Mahalanobis distances against the critical value indicated there were no 

multivariate outliers in this test. 

  The MANOVA for gender differences showed that the Wilk’s Lambda (Λ = 

.963) was not statistically significant F (3, 82) = 1.044, p = .377. This result is 

associated with a small to moderate effect size (partial eta squared = .037). However, 

for cultural background the Wilk’s Lambda (Λ= .811) was statistically significant F 

(6, 164) = 3.025, p = .008, partial eta squared = .100 whereas for the interaction 

between gender and cultural background the Wilk’s Lambda (Λ = .983) was not 

statistically significant F (6, 164) = .235, p = .964, partial eta squared = .009; see 

Table 28. 

 

 

Table 28   
 
Results of  MANOVA tests for cultural background, gender, and interaction 

Effect Test Value F 
Hypothesis 

df 
Error 

df Sig. 

Partial 
Eta 

Squared 

Gender 
Wilk’s 

Lambda .963 1.044 3 82 .377 .037 
Cultural 
Background 

Wilk’s 
Lambda .811 3.025 6 164 .008 .100 

Culture * 
Gender 

Wilk’s 
Lambda .983 .235 6 164 .964 .009 
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To further investigate the main effect of cultural backgrounds, a discriminant 

analysis was conducted to examine the nature of the relationship among the 3 

dependent variables and determine which specific dependent variables define LDFs 

that separate the groups. The Box’s M value (44.643) was not statistically significant 

χ2 (30) = 1.351, p = .095, which indicates that the assumption of the homogeneity of 

variance-covariance matrices was met.    

Because the 3 groups were compared according to a set of 3 dependent 

variables, there were 2 possible LDFs “with m groups and k-dependent variables, the 

number of possible LDFs is the smaller number of (m-1) and k” (Dimitrov, 2007). 

The result indicates that the first linear discriminant function (LDF1) accounts for 

97.1% of the total variance for the set of dependent variables across the groups. The 

remaining 2.9% of this variance can be accounted for by the second linear 

discriminant function (LDF2). The discriminant analysis results showed that the 

Wilk’s Lambda for LDF1 (Λ = .812) was statistically significant χ2 (6) = 17.934, p = 

.006 but the Wilk’s Lambda (Λ = .993) for LDF2 was not statistically significant χ2 

(2) = .575, p = .750; (see Table 29). Examination of the correlation and standardized 

coefficients (see Table 30) clearly indicates that the dependent variables of GEFT and 

problem-solving scores are correlated with LDF1 and that the combination of these 2 

dependent variables distinguishes the 3 cultural groups (see Figure 21).   
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Table 29   
 
Statistics for Wilks’ Lambda for LDF1, and LDF2 

Test of 
function(s) 

Wilks’ 
Lambda Chi-square df Sig. 

LDF1 .812 17.934 6 .006 
LDF2 .993 .575 2 .750 

 

 

Table 30   
 
Statistics of three cognitive processes scores related to two discriminant 
functions, LDF1 and LDF2 

 
Correlation 
Coefficients 

Standardized 
Coefficients 

Variable LDF1 LDF2 LDF1 LDF2 
Recognition scores .412 .740* .172 .900 
GEFT scores .802* .162 .551 .326 
Problem solving scores .842* -.374 .579 -.751 
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Figure 21.  Group centroids for three cultural groups by LDS1 and LDF2 

 
 

Mean Scores of Cultural Background 

  
When the results for the dependent variables were considered separately, the 

results shows a statistically significant main effect of cultural background on only 2 

dependent variables: GEFT scores F= (2, 84) = 6.174, p = .003,  partial eta squared = 

.128, Cohen’s d = .59) and problem-solving scores F= (2,84) = 6.774, p = .002, 

partial eta squared = .139, Cohen’s d = .647. To elaborate, the post-hoc comparisons 

using the Tukey HSD test indicated that the Arab mean GEFT score (M = 8.70, 

SD=3.59) was statistically significantly different from the American mean GEFT 

score (M =12.57, SD = 4.99; see Tables 31 and 32). Specifically, Americans scored 

higher than did Arabs by at least 3.87 (p = .002) However, the results showed that the 

difference between immigrants and Arabs, and between Immigrants and Americans in 

GEFT scores is not statistically significant (p = .406, p=.079; see Table 31). 
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According to the cut score (9) stated for this test, this results indicate that the Arabs 

were more holistic (field dependent) learners and the Americans more analytical 

(field independent) learners when completing the task on this specific test. 

Additionally, the Arab mean problem-solving score (M =17.70, SD = 4.59) 

was statistically significantly different from the American mean problem-solving 

score (M = 21.40, SD =3.09; see Tables 31, and 32).  Specifically, Americans scored 

higher than did Arabs by at least 3.70 (p = .001).  However, neither the difference 

between immigrants and Arabs nor between immigrants and Americans reached 

statistical significance for any of the three scores (recognition, GEFT, or problem 

solving). Additionally, the differences among all three groups did not reach statistical 

significance on the recognition task (see Table 31).    

Table 31                                                                                                                    
 
Tukey post-hoc HSD test of cultural differences in all three tasks 

Task 

Cultural 
Background 

(I) 

Cultural 
Background 

(J) 
Mean 

differences Sig. 

Recognition Arab Immigrant .23 .977 
 Arab American 1.97 .203 
 Immigrant American 1.73 .288 

GEFT Arab Immigrant 1.43 .406 
 Arab American 3.87 .002 
 Immigrant American 2.43 .079 

Problem Solving Arab Immigrant 1.73 .203 
 Arab American 3.70 .001 
 Immigrant American 1.97 .130 
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Table 32                                                                                                                  
 
Means and standard deviations of recognition, GEFT, and problem-solving 
scores by cultural background 

 Recognition score GEFT Score 
Problem Solving 

score 
Cultural 
Background M SD M SD M SD 
Arab 47.567 3.94 8.700 3.59 17.700 4.59 
Immigrant 47.800 3.81 10.133 4.13 19.433 3.72 
American 49.533 5.24 12.567 4.99 21.400 3.09 
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5. Discussion 
 

This eye-tracking study aimed to highlight differences between Middle 

Eastern (Saudi Arabian) and Western (American) learners’ perceptual cognitive styles 

and investigate if these differences could be altered by exposure to a new culture. The 

results of this study help provide a mutual understanding of perceptual cognitive 

differences between the two cultures and yield important insights for both educators 

teaching Arab students in other countries and instructional designers charged with 

improving educational systems in Saudi Arabia.  

In order to accomplish these goals, three different visual tasks were used to 

measure different levels of cognitive processes using an eye-tracking system as a 

performance measurement. Performance of the three tasks (the visual attention and 

memory task, Group Embedded Figure Test (GEFT), and visual problem task) was 

found to differ significantly among learners’ with different cultural backgrounds. The 

study clearly showed that visual behaviors yield to differences in perceptual cognitive 

processes among the three groups.   

This discussion first addresses differences across three groups with different 

cultural backgrounds on each of the cognitive tasks then addresses gender differences 

on the same tasks. 
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Cultural Differences 

The results showed a variety of cognitive differences among the cultural 

groups across the different tasks. Generally, the results showed that Arabs and 

Americans are significantly different from each other in the different aspects 

examined. Although the immigrant results were generally between the Arab and 

American results, the immigrant results tended to more closely align with the 

American results. In other words, the Americans and immigrants were found to apply 

a more characteristically analytical cognitive style whereas the Arabs, as had been 

anticipated, were found to apply a more characteristically holistic cognitive style to 

most tasks. Learning style preference has traditionally been believed to be the result 

of cultural background and social practices. However, when Arabs were exposed to a 

new culture, they start to shift and alternate their cognitive style, which the researcher 

believes is occurring with the immigrants in this study. This result accords with other 

studies that found similar phenomenon and made similar interpretation between 

Western and Eastern learners (Masuda & Nisbett. 2001; Nisbett, 2004; Nisbett & 

Miyamoto, 2005) 

 

Visual Attention and Memory 

A statistically significant difference was found between the Arabs and 

Americans regarding their fixation on the background regions of the images displayed 

in the study. Specifically, the Americans had a higher number of fixations on 

background than did Arabs. Although it had been anticipated that the Americans 
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would fixate more greatly on objects than on backgrounds, the most likely reason that 

they had a higher number of fixations on background than on objects is because the 

background occupied a greater area of the visual scenes than did the objects in this 

study. However, the Arabs and immigrants did not differ significantly from each 

other in their number of fixations, which indicates that they have similar visual 

attention abilities.   

The Americans and immigrants looked at objects more rapidly than did the 

Arabs by at least 82 milliseconds. This result indicated that the Arabs spent more time 

skimming and scanning the whole image in order to gather more information and 

details before focusing on the objects, which is characteristic of a holistic cognitive 

perceptual style. However, the immigrants’ visual attention was more similar to that 

of the Americans than that of the Arabs, which indicates that learners may 

temporarily or permanently alter some of their cognitive perceptual characteristics 

when they are exposed to a new cultural background or social practices. This result 

accords with previous studies (Nisbett, 2004; Nisbett & Miyamoto, 2005) that found 

that individuals have the ability to alter their cognitive perceptual style. However, this 

study found that the recognition abilities of the three cultural groups did not 

significantly differ. This finding may have resulted from the large number (80) of 

pictures that were displayed with busy and similar data, which may have created 

confusion or provided too many data for the working (short-term) memory to process 

and retain (Driscoll, 2004).  
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Preferred Perceptual Style (GEFT Results) 

As previous research has asserted, field dependent or holistic learners find it 

relatively difficult to disentangle an object from its context, in contrast to field 

independent or analytical learners (Nisbett, 2004; Witkin, Moore, Goodenough, & 

Cox 1977). The GEFT’s examination of this particular ability provided additional 

evidence of each group’s cognitive style. 

As had been anticipated, the Americans performed significantly differently 

than did  the Arabs on the GEFT, which gives new evidence that Americans tend to 

have a more characteristically analytical cognitive perceptual style whereas Arabs 

have a more characteristically holistic or contextual cognitive perceptual style. 

However, the immigrants did not perform significantly differently from either the 

Arabs or Americans, which supports the previous finding of the existence of the 

ability of this group to shift and change their cognitive perceptual style when exposed 

to a new culture with new social practices.   

 

Problem Solving 

During the visual problem-solving task, 66% of the Americans and 63% of the 

immigrants but only 40% of the Arabs were able to find an alternative solution that 

simplified the exposed problem to determine patterns that helped solve the problems. 

Thus, 60% of the Arabs persisted in applying the instructions originally given. This 

result accords with previous results in this present study that found that Arabs have a 
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characteristically holistic cognitive perceptual style, Americans a characteristically 

analytical cognitive perceptual style, and immigrants have a cognitive perceptual 

style with both analytical and holistic characteristics but more closely resembling an 

analytical style. According to the literature, formal logic plays a primary role in 

problem solving for individuals with an analytical perceptual style but not for those 

with a more holistic or contextual perceptual style (Nisbett, 2003).    

 When masks were added to some of the visual problems to hinder the 

learners’ problem-solving procedures, which examined their ability to ignore 

distractions and persist with the task’s objective, the results were the opposite of what 

had been expected. The within-subjects result showed a significant main effect of 

using two types of pictures (masked and nonmasked pictures) on subjects’ count of 

fixation. The finding that most subjects had fixated more greatly on the nonmasked 

than on the masked pictures had not been expected. However, there were no 

significant main effects of interaction between type of image and cultural 

background. Specifically, the Arabs and immigrants fixated more on nonmasked than 

on masked pictures whereas Americans fixated more on masked than on nonmasked 

pictures. This result may be due to the lack of experience of the Arabs and 

immigrants with visual problem-solving tasks. The first four pictures of this visual 

problem task began with nonmasked pictures. One logical explanation is that the 

Arabs and immigrants needed more time to become familiar with the problem-solving 

task due to their lack of experience with such tests. Thus, they may have spent more 

time fixating and focusing at the beginning of the task until they understood the key 
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points of how to solve the problem, or at least the nature of the task, resulting in a 

higher count of fixation on the nonmasked pictures. Consequently, the between-

subjects results indicated that the Arabs had a significantly higher number of fixations 

on pictures than did Americans whereas the immigrants did not significantly differ 

from either group, but may have significantly differed from the groups if had a 

greater number of subjects in each group been studied.  

 The within-subject results from using different types of images did not show a 

significant main effect on subjects’ problem scores. The between-subjects result 

showing that Americans and immigrants scored higher than did Arabs on both types 

of pictures gives new support to the theory that Arabs tend to have a more holistic 

learning style whereas Americans and immigrants have a more analytical style.   

 When the irrelevant environmental regions on the visual problem-solving task 

were analyzed, the result showed that the Arabs differed significantly from the 

Americans in their count of fixation on the identified irrelevant regions whereas the 

immigrants did not differ significantly from either group.  This result accords with 

other studies that found that Americans tend to ignore completely the irrelevant 

regions (Rudmann et al. 2003). 

This result emphasizes another characteristic of a holistic cognitive style, 

which is the tendency of those with a holistic style to give attention to details even if 

they are not relevant to the task’s objectives. Understanding events usually requires 

those with a holistic style to consider a host of factors that operate within 

relationships or are linked in indeterminate ways. On the other hand, those with 
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analytical perception tend to have more directed vision, ignoring details to 

accomplish the goal.     

 

Gender Differences 

 
In general, the results from all three tasks that examined different levels of 

cognitive processing did not show significant differences between the genders. 

However, some differences arose while testing and analyzing some of the visual 

behaviors in the allocation of visual attention, and problem-solving tasks.   

 

Visual Attention and Memory 

The results from the visual attention task showed a significant main effect of 

gender on some visual behavior. In general, the females fixated on object regions 

more than did the males. The females also fixated more rapidly on objects than did 

the males, which indicated that they spent less time skimming and scanning the 

pictures before their first fixation. This may be due to the tendency of females to give 

more attention to details more than do males, leading them to fixate more strongly on 

the given data. This visual behavior may give some support to the existence of gender 

visual behavioral differences across cultures. However, differences in male and 

female eye-gaze data do not necessarily signify differences in male and female 

cognitive perceptual styles.   

The results from the study of the interaction of cultural background and 

gender show that Arab and American females tend to have more a characteristically 
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analytical cognitive perceptual style than do Arab and American males. Arab and 

American females fixated on objects more rapidly and for a longer duration than did 

Arab and American males. However, the immigrant males showed more analytical 

perceptual characteristics than did the immigrant females, fixating on objects more 

rapidly and for a longer duration than did immigrant females. This result conflicts 

with previous results indicating that all males tend to have a more characteristically 

analytical cognitive style whereas all females tend to have a more characteristically 

holistic cognitive style (Androeux, Dawson, Kato, & Okonji, as cited in Bahoora, 

1996). However, as previously mentioned, differences in some of the subjects’ visual 

behaviors may not provide adequate evidence of their particular cognitive style. Thus, 

further studies with a larger numbers of subjects should be conducted in this specific 

area to find practical significance differences. 

 

Group Embedded Figure Test 

The GEFT results did not show any significant main effects of gender, which 

indicated that the differences in preferred perceptual style between the males and 

females were the same across the three cultural groups. This result accords with other 

studies that found no gender differences between Western and Eastern cultures 

(Bahoora, 1996; Nisbett, 2003).    
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Problem Solving 

Although the results showed no significant main effect of gender on subjects’ 

count of fixation while they were solving masked and nonmasked pictures, they did 

show a significant difference between male and female problem-solving scores. In 

general, males recorded higher scores on the problem-solving task. Specifically, the 

results indicated that males recorded higher scores on masked than on nonmasked 

pictures whereas females recorded higher scores on nonmasked than on masked 

pictures.  These results may be explained by differences in problem-solving 

experience between the genders. Males may be more knowledgeable about solving 

technical problems (such as gear problems) than are females (Tenajero & P'aramo, 

1998; Witkin & Berry 1975; Witkin et al. 1977).   Practice and experience in 

technical areas can make learners more aware of the role of context in problem 

solution and thus increase their probability of correctly solving problems.  

 

Limitation 
 

One limitation of this study will be the small number of participants in each 

group, especially given the emphasis on the quantitative approach as a basic 

methodology. Considering the huge amount of data produced by the eye-tracking 

systems and the three levels of perceptual cognitive processes under study, the 

researcher believes that it would be very difficult to include a large number of 

students in each group.   
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Another limitation is the absence of a test for language influence on learners’ 

cognition. Although language may have a vital influence on learners’ cognitive 

processes, especially when one is examining cultural differences, this issue was 

beyond the scope of the present research.  

 

Implication and Further Researches 
 

This study aimed to highlight the different levels of perceptual cognitive 

processes between Saudi Arabian and North American learners while performing 

certain tasks. Elucidation of the existence of such differences will help draw 

educators’ and instructional designers’ attention towards understanding learners’ 

perceptual cognitive styles and learners’ associated educational needs. 

The current study provided evidence from several different angles that 

supports the existence of cognitive learning style differences between Arab and 

American learners. The results of this study have implications for the work of 

instructional designers, who are charged with improving educational material in 

Saudi Arabia. Instructional designers must keep in mind that to increase the learning 

and productivity of Arab learners, Arab students must be provided with special 

instructional materials that accommodate their cognitive learning styles. Instructing 

Arab students with existing visual material originally designed for other groups of 

learners, such as American students, may lead to reduced learning outcomes. Thus, 

this study emphasizes the need to use different resources or adapt appropriate existing 

learning resources when using them in the instruction of Arab students. 
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Based on the current study’s results, the researcher proposes that instructional 

designers consider the following recommendations while adapting visual instructional 

materials for Saudi Arabian students:  

1. Consider the importance of meeting their learners’ needs. 

2. Consider the existence of cultural differences and, consequently, cognitive 

differences between Arabs and Americans. 

3. Consider the need to enrich the adapted visual instructional material with 

adequate supporting material, such as clues or coding strategies, to ensure 

increased retention and productivity for learners with holistic cognitive style. 

4. Take advantage of access to the large research knowledge base on the 

different ways to improve instructional materials for learners with a holistic or 

field-dependent cognitive style. 

5. Become familiar with universal design theory and research, which advocates 

the development of teaching and learning environments conceived, designed, 

and constructed to accommodate the widest range of learner differences 

possible. Consider how curricula and tools could be used more flexibly by 

removing barriers to address differences proactively. Keep abreast of 

advances in technology, learning theory, and brain research that offer many 

exciting possibilities for designing learning environments that support learner 

differences (Rose & Meyer, 2002). 
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One way to improve this study or expand upon its findings is to use eye-

tracking measurement to investigate language influence on the different cognitive and 

perceptual processes of Arabs and Americans. Another way is using eye-tracking 

measurement to investigate the achievements of participants who have a primarily 

holistic cognitive style while using regular instructional stimuli versus enriched 

instructional stimuli with cueing strategies.  A wide variety of cueing strategies have 

evolved that contribute no additional information to the visuals but have been found 

to be very effective in capturing the momentary attention of students over an 

extended period of time (Dwyer, 1978; Witkin et al. 1977).  

Additionally, visual instructional materials usually contain of variety of 

formats. Thus, an important study could be conducted using eye-tracking 

measurement to examine if there are cognitive or perceptual differences between 

Arabs and Americans while using different types of visual instructional materials. 

This comparison could be conducted to study differences while using abstract versus 

realistic, colored versus black-and-white, and still versus animated visual stimuli.  

Another interesting study could be done to help improve or evolve the GEFT. 

Although the GEFT is a well recognized paper-and-pencil tool for exploring 

analytical ability, social behavior, preferred defense mechanism, and problem-solving 

style, it is an old tool that had been developed in the 1980s. A digital version could be 

developed to be used with eye-tracking measurement to investigate learners’ visual 

behaviors while taking the test. The entire test could be evolved by adding the 

original illustrated shapes to more complicated colored backgrounds in order to test 
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learners’ cognitive functioning. With the rapid development of computer animation 

and gaming, especially with children’s instructional materials, learners’ abilities, 

particularly recognition abilities, have developed greatly since the 1980s. Children are 

now are more familiar with colored and cartoon-like stimuli. Thus, different results 

may be obtained if learners from the current computer generation were tested using 

colored illustrations rather than the line illustrations that are used with the current 

GEFT. An updated GEFT could give more accurate results for learners of the Internet 

generation. 

 



APPENDIX 
 
 
 

Appendix includes copies of the George Mason University Human Subjects Review 

Board’s approval documents for: a) English consent form, b) Arabic consent form, 

and c) faculty member recruiting scripts. 
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