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Abstract 

Introduction: The Developmental eye movement (DEM) test is a widely applied method for assessing eye 

movements under reading-like conditions. Eye-tracking studies have demonstrated a correlation between 

the performance of the DEM C test and the average fixation duration (Moiroud et al., 2018) and children 

with better reading abilities have significantly shorter average fixation duration in the DEM test compared 

to children with poorer reading abilities (Hindmarsh et al., 2021). Webber et al. (2011) demonstrated that 

the horizontal task performance time correlates with the average fixation duration in reading, however, the 

correlation between average fixation duration in the DEM test and reading task performance were not 

analyzed. Since the performance of the horizontal DEM test requires similar visual processing and cognitive 

demands as in reading (Ayton et al., 2009), and one of the factors that characterizes cognitive demand is 

fixation duration (Reney et al., 2014), the aim of the current study is to explore the relation between DEM 

test performance and eye movement parameters in reading text in children with and without reading 

difficulties. 

Methods: The DEM test and age-appropriate reading text were demonstrated on a computer screen at 65 

cm distance and eye movement recording was performed with Tobii Pro Fusion (250 Hz) eye tracker. The 

average fixation duration from 57 school-aged children in fourth grade (9-11 years old; average age 10) 

was analyzed. Children's reading skills were assessed using the Acadience Reading test. 

Results: The average fixation duration in the DEM test was significantly shorter compared to the average 

fixation duration in the reading task (p < .001). A high correlation was observed between the participants’ 

average fixation duration in the DEM test and the average fixation duration in reading task (r = .349, 

p = .008). A high correlation was also observed between the average fixation during reading and the 

Acadience Reading test composite score (r = .698, p < .001). 

Conclusions: The results demonstrate that the average fixation duration in the DEM test is shorter than 

during reading, leading to the conclusion that the cognitive demand in the DEM test may be lower than 

during reading. However, the average fixation duration during reading correlates more strongly with 

reading ability than the average fixation duration in the DEM test. 
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1. Introduction

Reading is a complex learned skill that requires coordination of many cognitive processes, 

including visual perception and oculomotor skills. During reading, saccades of varying amplitude are made, 

separated by fixations during which visual information is perceived (Rayner, 1986). Eye-tracking studies 

have shown that as children’s reading skills develop, the amplitude of reading-directed saccades increases, 

and the average fixation duration decreases (Stranberg, 2019), but children with reading difficulties have 

more fixations, and their fixation durations are longer (Lefton et al.,1979). Fixation duration is one of the 

factors that characterizes cognitive demand in reading-related tasks (Reney et al., 2014) and in natural 

scenes (Walter & Bex, 2021). 

The Developmental eye movement (DEM) test is a widely applied method for assessing eye 

movements under reading. The results of this test have been correlated with reading skills in school-aged 

children (Serdjukova et al., 2017). The DEM test contains A and B tests for vertical reading, and C test for 
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horizontal reading. The horizontal DEM test requires similar visual processing and cognitive demands as 

reading (Ayton et al., 2009). Eye-tracking studies have shown that there is a correlation between the 

performance of the DEM C test and the average fixation duration (Moiroud et al., 2018), as well as a 

correlation between the horizontal task performance time and mean fixation duration during reading 

(Webber et al., 2011). 

The aim of the current study is to explore the relation between DEM test performance and eye 

movement parameters during reading in children with and without reading difficulties. 

 

2. Methods 

 
Participants in this study were 57 school-aged children from fourth grade, aged 9-11 years with an 

average age of 10. All participants had normal vision. The DEM test and age-appropriate reading text were 

demonstrated on a computer screen at 65 cm. A modified version of the DEM C test containing 40 digits 

was used. The experiment started with the DEM C test, followed by a reading task in which participants 

read aloud a short age-appropriate text consisting of 24 words. Eye movements were recorded using Tobii 

Pro Fusion (250 Hz) eye tracker and Titta Master toolbox (Niehorster et al., 2020) during the DEM test and 

reading task. The I2MC algorithm (Hessels et al., 2017) was used to detect fixation duration, which was 

the eye movements parameter analyzed in this study. Participants’ reading skills were assessed using 

Acadience Reading test, and the composite score was used for analysis, where higher composite score 

indicated better reading ability. Data analysis was using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). 

 

3. Results 

 
The average fixation duration during the DEM test (M = 353 ms, SD = 53) was compared to that 

during the reading task (M = 472 ms, SD = 163), and a significant difference was found, t (56) = -6.01,  

p < .001 (Figure 1a). Specially, the average fixation duration during the DEM test was significantly shorter 

than that during the reading task. 

The results of the correlation analysis demonstrate a relationship between the participants’ average 

fixation duration in the DEM test and the average fixation duration in the reading task (r = .349, n = 57,  

p = .008) (Figure 1b). A high correlation was observed between the average fixation duration during reading 

and the Acadience Reading test composite score (r = .698, n = 57, p < .001), but the correlation between 

the composite score and the average fixation duration in the DEM test was weak (r = .141, n = 57, p <.295). 

 
Figure 1a.- Fixation duration in the DEM test and during reading;  

1b - a correlation between the fixation duration in the DEM test and during reading. 

 

 
 

 

 

4. Discussion 

 
One of the most significant findings of this study is that the average fixation duration in the DEM 

test is significantly shorter than during reading. This is a novel result, as previous studies have not directly 

compared fixation duration between these two tasks. The correlation between fixation durations in the two 

tasks suggests that longer fixations in the DEM test may also indicate longer fixations during reading, which 

is a characteristic of poorer reading skills in children (Lefton et al.,1979; Spichtig et al., 2017). The results 

of this study are consistent with previous findings, as the average fixation duration during reading strongly 

correlates with the Acadience Reading test composite score, which is a measure of reading skills. 

Zegermann et al. (2016) have suggested that cognitive demand influences the duration of fixation, 

with higher demand leading to longer fixations. Fixation duration is also a factor that characterizes cognitive 

demand in reading-related tasks (Reney et al., 2014). As the DEM test is performed under reading-like 
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conditions, fixation duration could be a factor for comparing cognitive demand between the DEM test and 

reading. The shorter fixation duration in the DEM test than during reading suggests that cognitive demand 

in the DEM test may be lower than during reading.  

Since children's reading eye movements evolve with development of their reading skills, it would 

be valuable to conduct further research analyzing the relationship between fixation duration in the DEM 

test and during reading in other age groups of children. 
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