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Abstract: The purpose of this study was to investigate the correlations between time-

and count-oriented visual data collected from a wearable eye tracker and test and item 

statistics. To accomplish this, a wearable eye tracker was used with an achievement 

test that included 30 multiple-choice questions assessing eighth-grade achievements, 

administered to 60 high school students. The acquired data were then used to compute 

t-values, Pearson correlation coefficients, and regression coefficients. The results of 

the study demonstrated a substantial inverse relationship between time and count-

oriented visual assessments and achievement scores. Furthermore, time and count-

oriented measures were shown to be significant predictors of achievement test results. 

Additionally, substantial disparities in times to first fixation and total durations of visit 

were identified in favor of females, whereas significant differences in average 

durations of visit were discovered in favor of males. The results of this study show that 

there is a substantial association between time-oriented measures and test and item 

statistics. 
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1. Introduction 

When the theoretical preferences of the test development process are analyzed from a 

psychometric perspective, it is evident that traditional paper-and-pencil tests and self-report-

based measurement methods have various structural limitations. It is stated that supporting such 

methods with physiological measurements in order to obtain meaningful outputs of cognitive 

structures and to create a complete picture offers important opportunities for the measurement 

process. In this sense, physiological measurements are associated with automatic responses 

triggered by the brain but emerging in the body, and even subtle implicit cognitive structures 

can create fluctuations that prepare the body for action and continue throughout the nervous 

system. Such outputs of implicit cognitive processes are known to contain psycho-somatic 

findings. Therefore, it is stated that all kinds of physiological information about cognitive 

features serve as objective evidence for each of the implicit cognitive structures (Becker & 
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Menges, 2013; Duchowski, 2002; Korkmaz, 2017; Lai et al., 2013; Peterson et al., 2015; 

Shayan et al., 2017). 

Considering that it takes 150 milliseconds for a symbol to be processed by our brain and 100 

milliseconds to make sense of it, it is clear that visual information plays a very important role 

psycho-somatic measurement (Durna & Arı, 2016b). Analyzing the cognitive and behavioral 

bases of eye movements within the physiological organization of the optical system reveals 

very strong findings in order to understand implicit cognitive structures (Duchowski, 2007). 

Accordingly, psycho-physical and neuro-psychological data obtained from visual 

measurements provide quantitative and qualitative evidence of participants' perceptual, 

cognitive, and behavioral responses (Duchowski, 2002; Liu et al., 2011; Shayan et al., 2017). 

In this context, neuro-cognitive research, on the other hand, provides objective findings 

regarding how visual information is processed in the brain. These findings reveal the mechanics 

of basic cognitive features (Galván, 2010; Goldberg & Helfman, 2011; Jacob & Karn, 2003; 

Lai et al., 2013; Liversedge & Findlay, 2000; Rayner et al., 2006). Therefore, recording and 

analyzing eye movement data is expected to provide us with strong indicators of the cognitive 

properties underlying visual information (Conati & Merten, 2007; Mele & Federici, 2012; 

Ömur & Görgülü Aydoğdu, 2017; Rayner, 1998; Rosa, 2015). At this point, eye-tracking 

technology offers important and versatile contributions to obtain reliable visual measurements. 

With this innovative method that can provide accurate measurements, detailed analytical 

findings on cognitive skills can be obtained (Ariasi & Mason, 2011; Conati & Merten, 2007; 

Just & Carpenter, 1976a, 1976b, 1980; Lai et al., 2013; Mele & Federici, 2012; Rayner, 1998, 

2009). 

The current idea underlying neuroscientific studies focused on such analytical findings in the 

visual context is that our cognitive acts refer to reflect the notion that we think through our 

bodies (Antle, 2013; Kirsh, 2013; Rodrigues & Rosa, 2017; Shayan et al., 2017). The objects 

that students create in their imagination based on their own interactions are very important for 

educational researchers. This is because when established automatic perceptual actions are 

transformed into general conceptual understandings, they can be interpreted as explanatory of 

the cognitive mechanism (Shayan et al., 2017). Temporal, spatial, and count-oriented analytical 

measurements obtained by the eye-tracking method are seen as a new level of research on 

students' cognitive and perceptual processes, and the measurements obtained provide strong 

visual indices in a psychometric context (Duchowski, 2007; Goldberg & Kotval, 1999; Jacob 

& Karn, 2003; Knight et al., 2014; Lai et al, 2013; Liversedge et al., 1998; Liversedge & 

Findlay, 2000; Tobii Pro, 2019). 

With the visual indices created to examine, comprehensively and systematically define and 

characterize the cognitive actions performed, the regions where attention is directed and the 

differences in this process can be determined in detail. Thus, more sensitive, different and 

reliable measurements can be obtained compared to traditional assessment methods (Clinton et 

al., 2017; Knight et al., 2014; Lai et al., 2013). With the measurements obtained, findings on a 

wide range of learning outcomes such as information processing models, effects of instructional 

designs, re-examination of existing theories, individual differences, effects of learning 

strategies used, decision-making processes and conceptual development can be revealed. In 

order to obtain meaningful outcomes for cognitive skills, it is a psychometric necessity to 

employ consistent observations (Lai et al., 2013). Experimental observations conducted with 

the eye-tracking method provide rich psychometric evidence for the objective measurement of 

cognitive outcomes beyond student responses to test items (Zentall & Junglen, 2017). 
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1.1. Visual Measurements and Psychometric Properties 

Visual measurements, which play a significant role in revealing the relationship between the 

situational responses of the eyes and the components of the cognitive process, are first analyzed 

in terms of time. It is stated that they provide detailed visual indices of the time spent on specific 

areas of interest and answer the questions of "when?" and "for how long?" related to cognitive 

processing (Clinton et al., 2017; Just & Carpenter, 1976a, 1976b, 1980; Lai et al., 2013; 

Liversedge et al., 1998; Mele & Federici, 2012; Rayner, 1998, 2009; Rayner et al., 2006). On 

the other hand, count-oriented visual measures, which have a relatively quantitative usage area 

and are obtained from observations based on frequency, are reported to provide versatile visual 

indices regarding the significance of the visual material of interest, especially in terms of 

situational responses (Lai et al., 2013). In addition to these, spatial measures including 

positions, distances, directions, sequences, and spatial arrangements are reported to answer the 

"where?" and "how?" questions related to cognitive processing and provide sensitive visual 

indices regarding the spatial positions of eye movements. Therefore, it is important to measure 

spatial eye movements and scanning behaviors in order to reveal the control of visual search 

and selective processes in visual perception (Liversedge & Findlay, 2000).    

1.1.1. Visual Measurements of Situational Reactions 

When the temporal, spatial, and count-oriented visual measurements are contextually analyzed, 

it is observed that these metrics provide contextual data for the focus on and visits to the defined 

areas of interest, and with these measurements, detailed visual indices (measurements) can be 

created for the situational responses that occur in these areas (Duchowski, 2007; Goldberg & 

Kotval, 1999; Jacob & Karn, 2003; Lai et al, 2013; Liversedge et al., 1998; Liversedge & 

Findlay, 2000; Tobii Pro, 2019). Accordingly, the focusing process, which is closely related to 

our ability to visually encode spatially distributed information, presents multifaceted indicators 

for the cognitive operations performed. The area where focusing occurs provides visual 

evidence for the information being processed. It is stated that multiple instances of focusing on 

the same spatial area are an indication of indecision in understanding an encountered object 

(Bayazıt, 2013; Jacob & Karn, 2003; Just & Carpenter, 1976a, 1976b, 1980). Therefore, it is 

stated that the length of focusing time is an indicator of the difficulty experienced in processing 

the objects encountered, and at the same time, these measurements constitute visual evidence 

of the difficulty of obtaining information from areas of interest. Hence, while the length of the 

focusing time indicates that the information obtained from these areas is difficult to understand 

and/or requires more cognitive effort, the short duration of this time indicates that the 

information obtained from areas of interest is easier to understand (Akçay & Altun, 2019; 

Bayazıt, 2013; Just & Carpenter, 1976a, 1976b, 1980; Liversedge et al., 1998; Majooni et al., 

2016; Schwonke et al., 2009).  

While the total duration of fixation obtained from the defined areas of interest is associated with 

the difficulties experienced in processing the encountered objects, these measurements also 

provide the amount of visual attention directed to the area of interest. In this context, the average 

duration of fixation obtained from the specified areas of interest is associated with the difficulty 

level of the text of interest, while time to first fixation and duration of first fixation are 

associated with the selection and/or organization of the information in areas of interest. Time 

to first fixation and duration of first fixation are also indicators of the time spent accessing 

information (Akçay & Altun, 2019; Bayazıt, 2013; Just & Carpenter, 1976a; Liu, 2014; 

Liversedge et al., 1998; Majooni et al., 2016; Negi & Mitra, 2020; Rayner, 1998, 2009; Rayner 

et al., 2006; Scheiter & Eitel, 2015; Scheiter & Eitel, 2017; Schwonke et al., 2009; Underwood 

et al., 1990; van Meeuwen et al., 2014). However, a number of fixations associated with the 

level of importance shown to the defined areas of interest are evaluated as an indicator of 
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cognitive load, and are also seen as the processing level of information acquired after attention 

is shown to the area of interest. Therefore, it is stated that an increase in the number of fixations 

in the search tasks carried out in areas of interest is also an indication of an ineffective search 

process in these tasks (Akçay & Altun, 2019; Bayazıt, 2013; Goldberg & Kotval, 1999; 

Jarodzka et al., 2015; Lai et al., 2013; Scheiter & Eitel, 2017; Tabbers et al., 2008; Poole et al., 

2005).  

Visits, which are defined as visual actions performed in the period from the first fixation on the 

defined areas of interest to the end of the last fixation on these areas, provide multifaceted 

indicators of the cognitive processes carried out (Tobii Pro, 2019). It is seen that the number of 

visits, which indicates how many times the areas of fixation are revisited and/or the intensity of 

attention in these areas, is associated with the level of importance given to the areas of interest. 

It is observed that durations of visits, defined as the time spent looking at a specific object or 

visual in the areas of interest defined are associated with the lack of understanding and/or 

comprehension in these areas. It is predicted that, in the event of such a deficiency, long and 

repeated visits focused specifically on these areas may occur (Lai et al., 2013; Saleem et al., 

2021; Tobii Pro, 2019). Indeed, while the number of visits obtained from repeated visits is 

thought to be an indicator of the process of consciously acquiring information after involuntary 

fixation, the total and average values of duration of visits are generally considered an indicator 

of lack of understanding and/or comprehension (Akçay & Altun, 2019; Klein et al., 2020; 

Saleem et al., 2021; Scheiter & Eitel, 2017). On the other hand, it is stated that heat maps, which 

are generated by coloring visually concentrated areas, especially using view data, mostly 

provide the opportunity to observe visual trends between regions (Bayazıt, 2013; Tobii Pro, 

2019).  

As a result, when visual measurements are examined and obtained by focusing on time, 

location, and counting in a psychometric context, it is seen that these measurements can provide 

important information about situational reactions. With the information collected, valid 

estimates can be made for test and item statistics (Bayazıt, 2013; Berzak et al., 2018; Lindner 

et al., 2017; Liu et al., 2017; Nugrahaningsih et al., 2013; Saß et al., 2017; Solheim & Uppstad, 

2011; Tai et al., 2006; Tsai, et. al, 2011). Therefore, the aim of this study is to examine the 

relationships between time and count-oriented visual measurements obtained from multiple-

choice tests and the test and item statistics of these tests. For this purpose, the data obtained 

were analyzed in the light of the sub-problems identified within the scope of the research. 

2. Method 

2.1. Research Design 

This research, which aims to examine the relationships between visual measurements obtained 

from multiple-choice tests and test and item statistics of these tests, is structured according to 

the correlational research method, one of the quantitative research approaches (Fraenkel et al., 

2012). 

2.2. Participants  

It is accepted by many researchers that the minimum acceptable sample size for correlational 

studies cannot be smaller than 30. It is stated that data obtained from a sample smaller than 30 

may yield an incorrect relationship degree, while a sample larger than 30 is more likely to 

produce meaningful results (Fraenkel et al., 2012). In regression analyses, which are frequently 

preferred in correlational studies, the ratios of cases to independent variables, in particular, 

should be reasonable, otherwise, the solutions obtained may turn out to be perfect but 

meaningless (Tabachnick & Fidell, 2015). Based on this, the working group was determined as 

60 people, considering the existing limitations and the stated recommendations. 30 of these 

https://www.sciencedirect.com/science/article/pii/S0360131517300301#!
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participants, who were selected from students who study in the classroom and do not wear 

glasses, are girls, and 30 are male students. 

2.3. Data Collection Tools 

2.3.1. Eighth Grade Achievement Test 

This test, which aims to measure the achievements of Turkish, mathematics and science courses 

in the LGS (transition system to high schools) central exam, consists of a total of 30 multiple-

choice test items, 18 of which are verbal (Turkish) and 12 of which are numerical (mathematics 

and science). The KR-20 reliability coefficient calculated for the verbal section of this test, 

which was developed based on Classical Test Theory, on a total of 4848 students is .71, the 

KR-20 reliability coefficient calculated for the numerical section is .80, and the KR-20 

reliability coefficient calculated for the entire test is .84. Table 1 includes the findings regarding 

the item statistics calculated during the development phase of the Eighth Grade Achievement 

Test. 

Table 1. Eighth Grade Achievement Test Item Statistics   

 pj s rjx rj 

Ver.1.i .61 .49 .18 .09 

Ver.2.i .79 .41 .50 .21 

Ver.3.i .50 .50 .30 .15 

Ver.4.i .57 .49 .24 .12 

Ver.5.i .91 .28 .58 .16 

Ver.6.i .86 .35 .52 .18 

Ver.7.i .72 .45 .51 .23 

Ver.8.i .81 .39 .52 .20 

Ver.9.i .88 .33 .57 .19 

Ver.10.i .60 .49 .41 .20 

Ver.11.i .51 .50 .29 .15 

Ver.12.i .90 .30 .57 .17 

Ver.13.i .86 .35 .55 .19 

Ver.14.i .80 .40 .51 .21 

Ver.15.i .60 .49 .33 .16 

Ver.16.i .65 .48 .37 .18 

Ver.17.i .54 .50 .29 .15 

Ver.18.i .81 .39 .50 .20 

Num.1.i .70 .46 .62 .28 

Num.2.i .48 .50 .54 .27 

Num.3.i .74 .44 .52 .23 

Num.4.i .58 .49 .60 .29 

Num.5.i .58 .49 .56 .28 

Num.6.i .52 .50 .54 .27 

Num.7.i .66 .47 .59 .28 

Num.8.i .43 .49 .52 .26 

Num.9.i .78 .42 .50 .21 

Num.10.i .78 .41 .50 .21 

Num.11.i .83 .37 .58 .21 

Num.12.i .81 .39 .55 .21  
N=4848, pj: item difficulty index, s: item standard deviation, rjx: item discrimination index, rj: item reliability index 
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2.3.2. Wearable Eye-Tracker 

The Tobii ProGlasses 2 wearable eye-tracking device was used to collect data on the eye 

movements of students participating in the study. This device, which consists of two parts—the 

head unit (glasses) and the recording unit, can take at least 100 samples per second. The device 

detects eye movements using the corneal reflection and dark pupil technique. This device, 

which has a 4-camera system that can record both eyes, uses 4 cameras and 12 infrared 

illuminators to perform eye tracking. 

2.4. Data Collection Procedures  

In this part of the research, an application was initially planned for the final form of the Eighth 

Grade Achievement Test; however, this application had to be postponed due to the suspension 

of formal education because of the pandemic. The postponed application was then conducted 

on a total of 60 students selected from among the 9th-grade high school students (who were 

studying in the 8th grade during the planning phase) who did not wear glasses. During these 

40-minute face-to-face applications in a real classroom environment, students used the Tobii 

Pro Glasses 2 wearable eye-tracking device. Immediately before using the eye-tracking device, 

a single-point calibration was performed on the students, and then video recordings of their 

gaze fields were taken. These collected recordings were then analyzed with the Tobii Pro Lab 

analysis program, and then visual data regarding the answering reactions of the students who 

took the exam were obtained, along with the results related to the Eighth Grade Achievement 

Test application. 

2.5. Data Analysis 

A two-stage analysis was carried out for the data obtained from different types of observations 

made within the scope of the research. 

2.5.1. First Stage 

At this stage, analyses were conducted in order to obtain data on visual responses given by 

students while answering the test, based on the records collected with a wearable eye-tracking 

device during the application of the Eighth Grade Achievement Test. For this purpose, areas of 

interest were specifically defined for each item in the Eighth Grade Achievement Test, and 

rectangles were drawn to include the item as a whole without distinguishing between the item 

stem and the options. In this process conducted with an item focus, duration measurements 

obtained from the defined area of interest (AOI) were recorded at the millisecond (ms) level. 

From these collected records, visual measurement values such as time to first fixation (ttff), 

duration of first fixation (doff), total duration of visit (tdov) including those who did not visit, 

average duration of visit (adov), number of visits (nov) including those who did not visit, total 

duration of fixation (tdof) including those who did not fixate, average duration of fixation 

(adof), number of fixations (nof) including those who did not fixation, total time spent in the 

area of interest (total time of interest duration), and finally total recording duration were 

obtained. 

2.5.2. Second Stage 

In this phase of the research, firstly, whether the visual measurements obtained based on the 

items showed a significant difference according to gender was examined with an independent 

samples t-test. In this context, examinations regarding the normality assumption were 

conducted through the calculated kurtosis and skewness values. Then, the relationships between 

the obtained visual measurements and the test and item statistics of the applied achievement 

test were examined using the Pearson correlation coefficient and linear regression analyses. In 

this context, firstly, assumptions regarding the Pearson correlation coefficient were examined, 
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and then basic assumptions regarding simple and multiple linear regression analyses were 

tested. For this purpose, firstly, it was investigated whether there was missing data in the data 

set, and then extreme values were examined using Cook’s and Mahalanobis’ distance values. 

Binary normality assumptions between variables were examined with scatter plot matrices, and 

multiple normality assumptions were examined with Henze-Zirkler and Mardia’s multivariate 

normality test, and kurtosis and skewness values were calculated for univariate normality 

assumptions. Linearity and homoscedasticity of residuals were investigated with scatter 

diagrams, and in deciding on the sample size, the formula of Khamis and Kepler (2010), n ≥ 

20+5k, was taken into account. Whether there was a multicollinearity problem among the 

independent variables was examined using Pearson correlation coefficients, VIF values, 

condition indices and tolerance values. 

3. Findings 

In this part of the research, the research question “Do the duration-based visual measurements 

obtained from the areas of interest specifically defined for each item in the Eighth Grade 

Achievement Test differ according to gender?” was addressed. At this stage, first, each of the 

item-based duration measurements was compared according to gender across all items, and then 

only the items that showed significant differences were tabulated. Following the analyses, no 

significant item-based differences were detected in durations of first fixation, average durations 

of fixation and total durations of fixation.  

Table 2 below includes the findings regarding the verbal item 17, which showed significant 

differences between genders in times to first fixation.  

Table 2. Comparison of Times to First Fixation by Gender 

Items Gender n X̄  Ss t sd p 

Ver.17.i Male 30 45.885 60.250 -3.232 58 .002 
 Female 30 121.056 112.226    

 

According to Table 2, the time to first fixation of the verbal item 17 shows a significant 

difference between genders, t (58) =-3.232, p<.05. The time to first fixation for verbal item 17 

among female students (X̄=121.056 sec) is longer than that of the male students (X̄=45.885 sec). 

This suggests that the female students have more difficulty focusing on the verbal item 17 

compared to the male students, which may be due to the challenges experienced by the female 

students in selecting, organizing or accessing the information related to this item. The η2 value 

calculated specifically for the verbal item 17 is .153. Accordingly, it can be stated that 

approximately 15% of the variance observed in times to first fixation of the verbal item 17 is is 

attributable to gender. Verbal item 17, which has a difficulty index (.54) and a discrimination 

index (.29), can be seen in Appendix A. 

Table 3 presents the findings regarding the numerical item 9, which showed a significant 

difference according to gender in times to first fixation. 

Table 3. Comparison of Times to First Fixation by Gender 

Items Gender n X̄ Ss t sd p 

Num.9.i Male 30 35.784 44.500 -2.066 58 .043 
 Female 30 63.546 58.618    

 

In Table 3, it is observed that the time to first fixation of item 9 shows a significant difference 

between genders, t (58) =-2.066, p<.05. The time to first fixation for item 9 among female 

students (X̄=63.546 sec) is longer than that of male students (X̄=35.784 sec). In this case, it can 

be said that female students have more difficulty focusing on item 9 compared to male students. 
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The η2 value calculated specifically for item 9 is .069. Accordingly, it can be stated that 

approximately 7% of the variance observed in times to first fixation of item 9 is related to 

gender. The difficulty index (.78) and discrimination index (.50) for item 9 for female students 

can be seen in Appendix B. 

Table 4 presents the findings regarding verbal item 8, which showed a significant difference 

according to gender in average fixation durations. 

Table 4. Comparison of Average Durations of Visit by Gender 

Items Gender n X̄ Ss t sd p 

Ver.8.i Male 30 4.927 3.015 2.198 58 .032 
 Female 30 3.509 1.841    

 

According to Table 4, the average duration of visit of item 8 shows a significant difference 

between genders t (58) =2.198, p<.05. The average duration of visit for verbal item 8 among 

male students (X̄=4.927 sec) is longer than that of female students (X̄=3.509 sec). In this case, 

it can be said that male students' efforts to understand verbal item 8 or their time to go back and 

reread it and/or their decision-making processes for this item take longer on average compared 

to female students. The η2 value calculated specifically for verbal item 8 is .077. Accordingly, 

it can be stated that approximately 8% of the observed variance in average durations of visits 

to verbal item 8 is attributable to gender. Verbal item 8, which has a difficulty index (.81) and 

a discrimination index (.52), can be seen in Appendix C. 

Table 5 includes the findings regarding item 12, which shows a significant difference according 

to gender in total durations of visit. 

Table 5. Comparison of Total Durations of Visit by Gender 

Items Gender n X̄ Ss t sd p 

Num.12.i Male 30 45.353 24.630 -2.294 58 .025 

  Female 30 60.188 25.458       

 

In Table 5, it is observed that the total duration of visit for item 12 shows a significant difference 

between genders t (58) =-2.294, p<.05. Total duration of visit for numerical item 12 among 

female students (X̄=60.188 sec) is longer than that of male students (X̄=45.353 sec). In this case, 

it can be said that female students' efforts to understand numerical item 12 or their time to go 

back and reread and/or their decision-making processes for this item take longer on average 

compared to male students. The η2 value calculated specifically for numerical item 12 is .083. 

Accordingly, it can be stated that approximately 8% of the observed variance in total durations 

of visit for numerical item 12 is attributable to gender. For the last item of the Eighth Grade 

Achievement Test, numeric item 12, female students may have gone back and re-read it to 

check their decisions regarding this item or they may have gone back to understand this item 

better. Numerical item 12, which has a difficulty index (.81) and a discrimination index (.55), 

can be seen in Appendix D.  

In this part of the research, the research question “What are the relationships between the visual 

measurements obtained from the areas of interest specifically defined for each item in the 

Eighth Grade Achievement Test and the total test scores obtained from this test?” was 

answered. For this purpose, firstly, the skewness (-.81) and kurtosis (-.06) values of the total 

test scores obtained from the Eighth Grade Achievement Test application were examined, and 

based on these findings, it was seen that the total test scores did not deviate substantially from 

the normal distribution. Then, the relationships between fixation measurements of the verbal 

items in the Eighth Grade Achievement Test and the total test scores were examined, and the 

findings are presented in Table 6. 
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Table 6. Relationships Between Fixation Measures on Verbal Items and Total Test Scores  
 rttff-tts rdoff-tts rnof-tts radof-tts rtdof-tts 

Ver.1.i .213 -.054 .049 -.352** -.155 

Ver.2.i -.085 -.025 -.155 -.368** -.332** 

Ver.3.i -.105 .014 .085 -.329* -.101 

Ver.4.i -.317* -.033 -.189 -.282* -.323* 

Ver.5.i .053 .116 -.318* -.336** -.371** 

Ver.6.i -.217 -.099 -.153 -.212 -.218 

Ver.7.i -.077 -.328* -.333** -.466** -.354** 

Ver.8.i -.100 -.156 -.191 -.446** -.303* 

Ver.9.i .195 -.024 -.359** -.375** -.455** 

Ver.10.i -.155 -.133 .066 -.333** -.186 

Ver.11.i -.153 .071 -.142 -.151 -.182 

Ver.12.i -.046 -.070 -.342** -.229 -.385** 

Ver.13.i -.062 .072 .049 -.328* -.121 

Ver.14.i .140 -.014 -.122 -.283* -.212 

Ver.15.i -.271* -.229 -.281* -.239 -.341** 

Ver.16.i -.067 .031 .135 -.278* .082 

Ver.17.i -.160 .091 -.066 -.458** -.180 

Ver.18.i -.281* -.160 .036 -.424** -.089 
n=60, *p<.05, **p<.01, ttff: times to first fixation, doff: durations of first fixation, nof: number of fixations, adof: average 

durations of fixation, tdof: total durations of fixation, tts: total test scores    

 

According to Table 6, there appears to be a strong relationship between average and total 

durations of fixation and achievement. Accordingly, it is seen that no significant relationships 

were found between average durations of fixation and total test scores only for items 6, 11, 12, 

and 15. However, significant relationships were observed in all measurements of the remaining 

items. Similarly, it is observed that significant relationships were determined between total 

durations of fixation and total test scores for many items. 

Table 7 shows the relationships between the visit measurements and total test scores for the 

verbal items in the Eighth Grade Achievement Test. 

Table 7. Relationships Between Visit Measures and Total Test Scores for Verbal Items  
 rnov-tts radov-tts rtdov-tts 

Ver.1.i .131 -.150 -.021 

Ver.2.i -.032 -.160 -.289* 

Ver.3.i .073 .083 .052 

Ver.4.i -.047 .059 -.284* 

Ver.5.i -.106 -.345** -.390** 

Ver.6.i .202 -.406** -.253 

Ver.7.i -.164 -.372** -.293* 

Ver.8.i -.125 -.093 -.252 

Ver.9.i -.160 -.023 -.430** 

Ver.10.i .001 .054 -.027 

Ver.11.i -.008 -.113 -.168 

Ver.12.i -.051 -.265* -.371** 

Ver.13.i .226 -.283* .019 

Ver.14.i .118 -.035 -.159 
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Table 7. Relationships Between Visit Measures and Total Test Scores for Verbal Items (Continued) 

 rnov-tts radov-tts rtdov-tts 

Ver.15.i -.112 -.190 -.343** 

Ver.16.i .211 .090 .288* 

Ver.17.i .169 -.340** -.151 

Ver.18.i .013 -.086 -.067 
n=60, *p<.05, **p<.01, nov: number of visits, adov: average durations of visit, tdov: total durations of visit, tts: total test 

scores 

 

In Table 7, a positive relationship is observed with r16=.288, p<.05 was determined, albeit weak, 

between the total durations of visits of the 16th item and the total test scores. This result differs 

from all the relationships observed within the scope of the research. Accordingly, it can be 

concluded that when the students revisited and examined this specific item, the verbal 16th 

item, they were more successful. When we look at the concentration and visit measurements 

collected specifically for the verbal items as a whole, it is seen that the relationships between 

these measurements and achievement scores are generally in the opposite direction. In this case, 

it can be predicted that when an increase in the concentration and visit measurements for items 

for which a relationship is determined, a decrease in achievement scores may also occur. 

Table 8 shows the relationships between fixation measurements of the numerical items in the 

Eighth Grade Achievement Test and the total test scores. 

Table 8. Relationships Between Fixation Measures on Numerical Items and Total Test Scores  
 rttff-tts rdoff-tts rnof-tts radof-tts rtdof-tts 

Num.1.i .157 .048 -.276* -.111 -.239 

Num.2.i -.092 -.025 -.282* -.200 -.344** 

Num.3.i -.302* -.017 -.450** -.167 -.494** 

Num.4.i -.163 -.088 .099 -.190 .044 

Num.5.i .156 -.011 .017 -.179 -.034 

Num.6.i -.033 -.281* -.001 -.285* -.071 

Num.7.i -.136 -.149 -.198 -.170 -.210 

Num.8.i -.058 -.023 -.200 -.038 -.203 

Num.9.i -.096 -.153 -.083 -.067 -.066 

Num.10.i -.027 .006 .034 -.256* -.003 

Num.11.i .001 .038 -.167 -.074 -.203 

Num.12.i -.079 -.198 -.107 -.189 -.169 
n=60, *p<.05, **p<.01, ttff: times to first fixation, doff: durations of first fixation, nof: number of fixations, adof: average 

durations of fixation, tdof: total durations of fixation, tts: total test scores    

 

According to Table 8, it can be concluded that the relationship between average and total 

fixation durations for numerical items and achievement is weaker than that for verbal items in 

terms of the number of items showing a relationship. 

Table 9 shows the relationships between the visit measurements of the numerical items in the 

Eighth Grade Achievement Test and the total test scores. 
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Table 9. Relationships Between Visit Measures and Total Test Scores for Numerical Items 
 rnov-tts radov-tts rtdov-tts 

Num.1.i -.200 -.188 -.239 

Num.2.i -.096 -.279* -.304* 

Num.3.i -.097 -.197 -.464** 

Num.4.i .111 -.182 .122 

Num.5.i .057 -.153 -.022 

Num.6.i .006 -.054 -.084 

Num.7.i -.248 .030 -.155 

Num.8.i -.318* .118 -.195 

Num.9.i .022 -.139 -.068 

Num.10.i -.142 .163 .075 

Num.11.i .080 -.240 -.198 

Num.12.i .120 -.225 -.109 
n=60, *p<.05, **p<.01, nov: number of visits, adov: average durations of visit, tdov: total durations of visit, tts: total test 

scores 

 

Table 9 shows that significant and negative relationships were found between number of visits 

for item 8 and the total test scores, between average duration of visit for item 2 and the total 

test scores, and between the total duration of visit for items 2 and 3 and the total test scores. 

When all the findings obtained are considered in general, it is observed that the number of 

relationships determined for item-focused items is higher in verbal items than in numerical 

items. 

In this part of the research, the research question “What is the rate at which the duration-focused 

visual measurements obtained from the areas of interest specifically defined for each item in 

the Eighth Grade Achievement Test explain the total test scores obtained from the same test?” 

was addressed. For this purpose, multiple linear regression analysis was conducted to explore 

the connection between the measurements obtained and the total test scores. In this process, the 

basic assumptions regarding the multiple linear regression analysis were first tested and it was 

found that these assumptions were met in light of the results obtained. Table 10 shows the rate 

at which the duration measurements obtained within the scope of the research explain the total 

test scores. 

Table 10. The Explanation Ratio of Total Test Scores of Duration Measures to the Items in the Eighth 

Grade Achievement Test 

Variables B BSH β t p 

Constant 28.999 2.216  13.087 .000*** 

Times to first fixation  -.054 .026 -.319 -2.095 .041* 

Durations of first fixation 28.008 15.576 .379 1.798 .078 

Average durations of fixation  -43.202 14.053 -.658 -3.074 .003** 

Average durations of visit .090 .211 .069 0.427 .671 

R=.466 R2=.217     

F (4,55) =3.811 p=.008**         

n=60, *p<.05, **p<.01, ***p<.001  
According to Table 10, a moderate and significant relationship is observed between times to 

first fixation, durations of first fixation, average durations of fixation, and average durations of 

visit with the total test scores, R=.466, R2=.217, p<.01. Accordingly, these time-based 

measurements included in the research process explain approximately 22% of the total variance 

in the total test scores. Based on the standardized regression coefficients (β), the relative 

importance order of the duration measurements on the total test scores is as follows: times to 
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first fixation and durations of first fixation. When the t-test results regarding the significance of 

the regression coefficients are examined, it is found that only average durations of fixation and 

times to first fixation are significant predictors of the total test scores. Durations of first fixation 

and average durations of visit do not have a significant effect on the total test scores. 

In this part of the study, the research question “What is the rate at which the duration-focused 

visual measurements obtained from the areas of interest specifically defined for each item in 

the Eighth Grade Achievement Test explain the subtest scores obtained from the same test?” 

was sought. For this purpose, multiple linear regression analysis was performed in order to 

reveal the connection between the measurements obtained and the verbal and numerical subtest 

scores. After conducting analyses regarding the basic assumptions of the multiple linear 

regression analysis, it was observed that the verbal subtest scores and the duration 

measurements did not meet the multivariate normality assumption together, and the analyses 

proceeded with the numerical subtest scores, which met the multivariate normality assumption. 

Table 11 shows the rate at which the duration measurements obtained within the scope of the 

study explain the numerical subtest scores. 

Table 11. The Explanation Rate of Numerical Subtest Scores of Duration Measures to Items in the 

Eighth Grade Achievement Test 

Variables B BSH β t p 

Constant 12.301 1.450  8.483 .000*** 

Times to first fixation  -.027 .017 -.257 -1.633 .108 

Durations of first fixation 18.991 10.193 .405 1.863 .068 

Average durations of fixation  -24.712 9.196 -.594 -2.687 .010* 

Average durations of visit .011 .138 .014 0.082 .935 

R=.406 R2=.165     

F (4,55) =2.718 p=.039*         

n=60, *p<.05, **p<.01, ***p<.001 

 

According to Table 11, a moderate and significant relationship is observed between times to 

first fixation, durations of first fixation, average durations of fixation, and average durations of 

visit with the numerical subtest scores, R=.406, R2=.165, p<.05. Accordingly, these time-based 

measurements included in the research process explain approximately 17% of the total variance 

in the numerical subtest scores. When examining the t-test results regarding the significance of 

the regression coefficients, it is found that only average durations of fixation are significant 

predictors of numerical subtest scores. Times to first fixation, durations of first fixation and 

average durations of visit do not have a significant effect on numerical subtest scores. 

In this part of the study, the research question “What is the rate at which the count-focused 

visual measurements obtained from the areas of interest specifically defined for each item in 

the Eighth Grade Achievement Test explain the subtest scores obtained from the same test?” 

was sought. For this purpose, multiple linear regression analysis was performed in order to 

reveal the connection between the obtained measurements and the verbal and numerical subtest 

scores. After conducting analyses regarding the basic assumptions of multiple linear regression, 

it was observed that the numerical subtest scores and the count measurements did not meet the 

multivariate normality assumption together, and the analyses proceeded with the verbal subtest 

scores, which met the multivariate normality assumption. Table 12 shows the rate at which the 

count measurements obtained within the scope of the study explain the verbal subtest scores. 
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Table 12. The Explanation Rate of Verbal Subtest Scores of Count Measures to Items in the Eighth 

Grade Achievement Test 

Variables B BSH β t p 

Constant 15.151 1.086  13.946 .000*** 

Number of fixations  -.021 .008 -.408 -2.740 .008** 

Number of visits  .092 .056 .243 1.631 .108 

R=.342    R2=.117     

F (2,57) =3.766 p=.029*         

n=60, *p<.05, **p<.01, ***p<.001 

 

According to Table 12, a moderate and significant relationship is observed between the number 

of fixations and the number of visits with the verbal subtest scores, R=.342, R2=.117, p<.05. 

Accordingly, these count-oriented measurements included in the research process explain 

approximately 12% of the total variance in the verbal subtest scores. When examining the t-test 

results regarding the significance of the regression coefficients, it is found that only the number 

of fixations are a significant predictor of the verbal subtest scores. The number of visits does 

not have a significant effect on the verbal subtest scores. 

4. Discussion, Conclusion, and Suggestions 

In this study, which aims to examine the relationships between time and count-oriented visual 

measurements obtained from multiple-choice tests and the test and item statistics of these tests, 

correlational analyses were initially performed. After conducting these analyses between the 

visual measurements collected from the areas of interest specifically defined for each item and 

the total test scores, it was found that almost all of the relationships detected were negative. In 

this case, it can be predicted that when a certain increase is observed in the focus and visit 

measurements of the items with which the relationship is detected, a certain decrease in the total 

test scores may occur (Akçay & Altun, 2019; Bayazıt, 2013; Jacob & Karn, 2003; Just & 

Carpenter, 1976a, 1976b, 1980; Klein et al., 2020; Majooni et al., 2016; Schwonke et al., 2009). 

However, a positive relationship, albeit weak, was found between total durations of visit and 

total test scores obtained specifically for the verbal item 16. Although this result is similar to 

the study of Glaholt et al. (2009), this relationship differs from all the negative relationships 

identified within the scope of the research. The fact that students revisit and review this item 

can be seen as a factor that increases success. However, this result may indicate that this item 

in particular is not sufficiently understood by the students, and it may also indicate that this 

item is an item aimed at measuring meta-cognitive skills. On the other hand, the fact that this 

item is a relatively easy (pj=.65) and distinctive (rjx=.37) item may imply that students 

understand this item more easily when they go back and review it. 

When the rate at which time-focused visual measurements explain total test scores is examined, 

it is seen that these measurements together give a moderate and significant relationship with 

total test scores. At this stage, t-test results regarding the significance of regression coefficients 

were examined in particular, and it was observed that average durations of fixation and times 

to first fixation were significant predictors of total test scores. While average durations of 

fixation are associated with the difficulty level of the text of interest, times to first fixation are 

associated with the time required to select, organize, and/or access information from areas of 

interest. It is anticipated that these measurements, reflecting situational reactions, may offer 

important contextual information regarding students' test performances. Therefore, the rate at 

which these time-focused measurements explain verbal and numerical subtest scores was also 

examined, and it was seen that these measurements together gave a moderate and significant 

relationship with numerical subtest scores. When the t-test results regarding the significance of 

regression coefficients were examined, it was observed that only average durations of fixation 
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were a significant predictor of numerical subtest scores. At this stage, the rates of visual 

measurements obtained with a focus on counting, explaining the subtest scores, were also 

examined and it was found that these measurements together gave a moderate and significant 

relationship with the verbal subtest scores. However, it was observed that the rate of these 

counting-focused measurements explaining the verbal subtest scores remained relatively low, 

and when the t-test results regarding the significance of the regression coefficients were 

examined, it was seen that only the number of fixations was a significant predictor of the verbal 

subtest scores. All of these results obtained are similar to many studies (Akçay & Altun, 2019; 

Bayazıt, 2013; Goldberg & Kotval, 1999; Jarodzka et al., 2015; Just & Carpenter, 1976a, 

1976b, 1980; Lai et al., 2013; Liversedge et al., 1998; Majooni et al., 2016; Poole, Ball & 

Phillips, 2005; Rayner, 1998, 2009; Rayner et al., 2006; Saleem et al., 2021; Scheiter & Eitel, 

2015; Scheiter & Eitel, 2017; Schwonke et al., 2009; Underwood et al., 1990; van Meeuwen et 

al., 2014).  

When we look at the mentioned relational results from a broad perspective, it is seen that the 

relationship between average durations of fixation and success becomes prominent. However, 

Negi and Mitra (2020) particularly challenge this observation. According to the authors, 

average durations of fixation do not reveal a clear pattern for complex tasks or visualization 

features. Upon examining the aggregate of measurements obtained in this regard, it is shown 

that although successful students have shorter fixation durations than unsuccessful students, no 

significant difference is found when compared to students with average success. More 

importantly, despite such intuitive results, students with average success have longer fixation 

durations than unsuccessful students (Negi & Mitra, 2020). Negi and Mitra (2020) state that the 

notion of average durations of fixation being related to various operations required by the tasks 

assigned to students is almost intuitive. According to them, operations belonging to more 

complex tasks require longer measurements. Therefore, they argue that students need to focus 

for longer periods in order to process all the information in the tasks given to them. However, 

as success increases, the demand for such operations diminishes; because successful students 

retrieve task-related schemas from long-term memory, thereby reducing the processing 

demands associated with the tasks assigned to them (Mitra et al., 2017). 

When comparing the obtained visual measurements according to gender, it was observed that 

times to first fixation, average durations of visit and total durations of visit showed significant 

differences according to gender. Accordingly, significant differences were found in favor of 

girls in times to first fixation and total durations of visit, and in favor of boys in average 

durations of visit. It can be inferred that girls had more difficulty verbally focusing on item 17 

and numerically focusing on item 9 compared to boys, and it can be predicted that girls had 

more difficulty selecting, organizing or accessing information related to these items (Akçay & 

Altun, 2019; Liversedge et al., 1998; Scheiter & Eitel, 2015; Scheiter & Eitel, 2017; van 

Meeuwen et al., 2014). However, it has been observed that female students' efforts to 

understand numerical item 12 or their time to go back and re-read and/or their decision-making 

processes regarding this item take longer than male students, suggesting that that female 

students experience a lack of understanding and/or comprehension in relation to this item (Klein 

et al., 2020; Lindner et al., 2014; Liversedge et al., 1998; Saleem et al., 2021). On the other 

hand, it can be said that the efforts of male students to understand the verbal item 8 or the time 

they spent going back and rereading and/or making decisions about this item were longer on 

average than female students, and it can be predicted that male students experienced a lack of 

understanding and/or comprehension in connection with this item. (Klein et al., 2020; Lindner 

et al., 2014; Liversedge et al., 1998; Saleem et al., 2021). These findings are significant from a 

psychometric perspective. Based on these results, it can be said that the probability of answering 

these items correctly varies according to the gender of the students taking the test, and the fact 
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that the calculated effect sizes are medium and large adds additional importance to these results 

(Ackerman, 1992; Bolt, 2002; Büyüköztürk, 2020; Embretson & Reise, 2000; Klein et al., 

2020). These results raise concerns about the validity regarding the relevant items (Demirus & 

Gelbal, 2016). Therefore, based on the significant differences determined among the visual 

measurements obtained, differential item functioning (DIF) studies can be conducted on these 

items. The results of such studies could provide objective evidence for DIF. 

As a result, the relationships identified between the visual measurements obtained from 

multiple-choice tests and the test and item statistics of these tests have significant potential to 

provide valuable structural insights about multiple-choice tests; however, this potential has not 

yet been fully explored. This potential can be further investigated by conducting research with 

different study groups or through the application of various psychometric analyses. The 

psychometric insights gained from such research can provide a different perspective for future 

research. 
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