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Abstract
Background: Past studies have evinced that the perception of near-hand objects is qualitatively different from that of far-hand objects. However, as the influence of test anxiety has never been considered, this study aims to assess whether the presence of the hand alters/biases the visual processing of objects while controlling for the effect of test anxiety. 
Methods: A sample of 30 participants aged 22-55 years old was recruited through convenience sampling and performed a cognitive task based on the Posner paradigm of Inhibition of Return during which they held their hand on their lap in the control condition and next to the screen in the experimental one. Their test anxiety was assessed retroactively through the Test Anxiety Profile. A correlation was performed between test anxiety and Reactions Times (RTs) scores, and an analysis of variance was computed with the presence of the hand and the validity of trials as independent variables and RTs as the dependent variable. Next, an analysis of covariance included test anxiety as the covariate. 
Results: The presence of the hand altered/biased the visual processing of stimuli, and participants shifted their attention between items faster in the experimental condition. Participants’ test anxiety did not mediate the near-hand effect. 
Conclusion: Despite the confirmation of the main hypothesis, recent studies indicated that the near-hand effect may not show consistently through different methodologies. This study provides insights into the development of multitouch devices and their applications in the educational setting. 
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1. Introduction
The perception of objects in peripersonal space, ergo the multisensory space that closely surrounds a body section, is interconnected with the potential ability to interact with said objects, that is to reach, grasp or avoid (Reed et al., 2006). Thus, the perception of the immediate surrounding is qualitatively different from that of the more distant space. Several studies have proposed that the hand position might alter visual processing by biasing spatial attention selection mechanisms (e.g., Reed et al., 2006; Abrams et al., 2008; Tseng & Bridgeman, 2011). Studies have shown that task processing in near-hands space involves neural networks that are functionally distinct from those implicated in the processing of objects far away from the hands (Reed et al., 2006; Abrams et al., 2008; Sun & Thomas, 2013; Adam et al., 2012). 

1.1 Bimodal neurons
According to the bimodal-neuron hypothesis, populations of bimodal visuotactile neurons are activated when the hand in the peripersonal space is closest to a stimulus, to facilitate object manipulation (Graziano & Gross, 1994; 1995; Iriki et al., 2001; Obayashi et al., 2000). An aspect of bimodal neurons is their response pattern, whose firing is linked with the likelihood that the hand will interact with the object perceived (Reed et al., 2006). Consequently, by affecting the distribution of spatial attention across peripersonal space, bimodal neurons increase their activity in the region surrounding the hand (Reed et al, 2006; 2010). An evolutionary rationale is offered to explain this mechanism (Dufour & Touzalin, 2008). Effectively, the detection of an event happening near the hand provides valuable information on the proper operation that needs to be performed to appropriately manipulate surrounding objects (e.g., to avoid collisions, to perform defensive movements).

1.2 Parvocellular (P) and magnocellular (M) systems
Another rationale for the near-hand effect is grounded in the P and M cells network. This hypothesis posits that vision consists of multiple streams that process different elements of the visual stimuli in parallel (Gozli et al., 2012). Accordingly, the P and M pathways are thought to function in concomitance with the ventral and dorsal visual streams, respectively. Thus, their anatomical distinction is roughly linked to the functional distinction of the vision for perception of the ventral system and the vision for action of the dorsal system (Goodale & Milner, 1992). The former is responsible for object recognition, while the latter deals with spatial relationships between objects in the visual field and coordinates movements (Goodale & Milner, 1992). 
Based on the previously explained contribution of bimodal neurons and the P and M cellular pathways’ functional difference, it is argued that near-hand objects might bias visual perception towards the M system, as interconnected with the vision for action processing. Conversely, far-hand conditions might bias the visual perception of stimuli towards the P system, which prioritises objects’ recognition and discrimination (Gozli et al., 2012).  

1.3 Near-hand effect literature
Results from studies investigating the near-hand effect robustly showed that the RTs to detect near-hand visual stimuli were shorter than those in the detection of far-hand stimuli (e.g., Reed et al., 2006), confirming the hypothesis that the near-hand space is prioritised for attention in contrast to the far-hand space. Also, findings uncovered that not only the presence of the hand biased attention in the near-hand area (e.g., Reed et al., 2006; Qui et al., 2019), but the mechanism of disengagement of attention appeared to be slower with near-hand objects (Abrams et al., 2008). This is thought to relate to an evolutionary rationale according to which near-hand objects are more likely to be manipulated (e.g., tool to wield or food to eat), and extended analyses of said objects may produce more thorough movements (Dufour & Touzalin, 2008). Thus, inhibited disengagement could facilitate a more accurate assessment of objects and detect their potential danger. In addition, even though predictive cues provided expectations for targets in cued locations, the presence of the hand produced the same contextual bias for both valid and invalid cues (e.g., Reed et al., 2006). In other words, the hand influenced the prioritisation of space more than the shifting of attention. 
Limitations to the methodologies adopted by the studies considered must be acknowledged. Therefore, as the studies consulted included different assessment measures, such as IOR (e.g., Abrams et al., 2008; Coleman et al., 2017; Reed et al., 2006; Sun & Thomas, 2013), visual search (e.g., Abrams et al., 2008; Gozli et al., 2012) and change detection (Tseng & Bridgeman, 2011), this might have contributed in one way or another to their results and effect sizes. To explicate, the fact that each paradigm involves the activation of different neural substrates could have precluded a clean comparison and, thus, a clear-cut inference on the near-hand effect on visual processing. 

1.4 The effect of TA on cognitive performance
Described as a situation-dependent anxiogenic reaction occurring before or during a test, TA causes a series of physiological and behavioural responses with adverse consequences on cognitive functioning (Schnell et al., 2015; Chapell et al., 2005; Eysenck et al., 2007; Xu et al., 2020). Drawing upon the broad literature indicating the negative correlation between TA and cognitive performance (e.g., Castaneda et al., 2008; Eysenck et al., 2007), the former is thought to hinder attention to cognitive tasks by steering the focus on the perceived danger. Past studies have evinced the influence of TA on performance in the educational context (e.g., Putwain et al., 2016), on measures of attention and executive function (Gass et al., 2005) and cognitive and intellectual functioning (Gass & Curiel, 2011). Therefore, as the evidence gathered suggests a strong relationship between TA and cognitive performance, the necessity to consider the subjective experience of stress elicited by the testing context appears to be critical in drawing clearer inferences of cognitive functioning. 

1.5 Current study
Important limitations on the near-hand effect literature must be mentioned. Firstly, the use of RTs as a measure of visual perception increases the likelihood that the facilitation effect could be at least partly due to response-related factors, for example, a lower stimulus-reaction criterion instead of faster perception (Lloyd et al., 2010). Given the close interrelation between visuospatial attention and motor systems (Tipper et al., 2001), the present study’s cognitive task will employ a procedure to reduce the stimulus/reaction gap with the employment of the keyboard as the tool to measure RTs. Secondly, despite the negative relationship between TA and cognitive functioning (e.g., Castaneda et al., 2008), no research to date has considered the potential confounding effect of TA on results. Concerns over the effects of TA are so ubiquitous that researchers are advised to take specific precautions to minimise its influence. Thus, the present study will consider the effects of TA on performance, as measured by the TAP (Oetting & Deffenbacher, 1980, as cited in Gass and Curiel, 2011). 
Based on the literature on TA (e.g., Castaneda et al., 2008), it is hypothesised a positive relationship between TA and RTs (Hypothesis 1). The main hypothesis presented in this study concerns whether the presence of the hand in peripersonal space alters/biases the visual processing of stimuli. Considering the near-hand effect literature (e.g., Reed et al., 2006; 2010; Abrams et al., 2008; Sun & Thomas, 2013), a significant difference in RTs based on the presence of the hand in the visual field is hypothesised (Hypothesis 2). Given the evidence on the IOR (Posner et al., 1985), a significant difference in RTs scores based on the validity of trials with higher/slower RTs with non-valid trials compared to valid trials is hypothesised (Hypothesis 3). Therefore, considering the studies on the interaction between the presence of the hand and the validity of trials (Abrams et al., 2008; Reed et al., 2006; Qui et al., 2019), higher/slower RTs during non-valid trials in the experimental condition compared to the non-valid trials in the control condition are hypothesised (Hypothesis 4). For the lack of research on the influence of TA on the near-hand effect, no specific hypothesis is proposed (Hypothesis 5). 
2. Methodology
2.1 Design
The study adopted a within-subjects experimental design in which changes in two independent variables (IVs; hand present/hand absent-valid/non-valid trials) were related to changes in a dependent variable (DV; RTs). Subsequently, the data were computed while controlling the effects of a covariate (TA). 

2.2 Participants
A sample of 30 participants aged between 22 and 55 was included (Mage = 34.83 ± 9.37 years). Participants were recruited through convenience sampling. The chosen sample size is in line with previous literature in this area (Szucs & Ioannidis, 2020). Eligibility criteria specified in the Plain Language Statement assured that participants were between the 20-55 age range, were fluent in the English language, were of normal vision, right-handed and did not have history of cognitive problems. Since studies concerning gender differences on cognitive measures did not produce clear-cut inferences (e.g., Lucas et al., 2005; Mitrushina et al., 2005; Tombaugh, 2004), the sample comprised 14 females and 16 males (Table 2.1). Also, as shown in Table 2.1, the M age of both females and males was similar, with the youngest participant being female (age = 18) and the oldest being male (age = 53).



Table 2.1
Frequencies for Gender and Age 

	Gender 
	Age M
	SD
	Min
	Max
	N
	Percent

	Male
	35.94
	8.45
	23
	53
	16
	53.33

	Female
	33.57
	10.18
	18
	49
	14
	46.67

	Total 
	34.83
	9.37
	18
	53
	30
	[bookmark: _Hlk93858693]100




2.3 Materials
Data were collected through a cognitive task based on the Posner paradigm of Inhibition of Return (IOR; Posner et al., 1985) in the covert deployment of attention. The procedure involves presenting an uninformative peripheral visual cue and then measuring its influence on reaction times (RTs) to detect a posteriorly presented target. The IOR assesses attentional engagement and disengagement mechanisms. The cognitive task was presented on a 15.6-inch monitor with a refresh rate set at 60-Hz and a display resolution of 1366 x 768 pixels. Stimuli were built on Microsoft Paint v6.1 and presented on PsychoPy3 v3.0.1 (Peirce et al., 2019). Stimuli consisted of two-dimensional shapes presented against a grey background: a black fixation dot (1.5-0.7 cm), a target (red oval, 4-2 cm) and a cue (yellow star, 3-1.5 cm). Participants were required to look at the central fixation dot which remained present for the entire duration of the task, and, after a fixed time interval (500 ms), they were presented with the cue at 8.5 cm of and on the same level right or left to the fixation point (Figure 2.1). The cue was exposed for 100 ms and, after 100 ms of its disappearance, the target appeared either on the cue’s same location or the opposite. The target disappeared at the click of the corresponding key (left arrow/left target; right arrow/right target). On valid trials, the target appeared in the location in which the cue had priorly been presented, whereas, on invalid trials, the target appeared opposite to where the cue had previously shown up. Within each condition, 70 % of trials were valid and 30 % were invalid. 





Figure 2.1
Posner task, valid and non-valid trials
[image: ]

The order of valid and invalid trials had been priorly randomised and kept the same for all. Higher scores indicated slower RTs. Errors were classified as missing responses in the statistical analyses. 
The Test Anxiety Profile (TAP; Oetting & Deffenbacher, 1980; Appendix D), which retroactively assessed the level of TA perceived during testing, was employed to measure participants’ TA. As Gass and Curiel (2011) added a 12th question to the originally 11-item TAP, their version was used in the present study. Participants were asked to rate the 12 items on a 7-point Likert scale; total scores ranged from 7 to 49. Higher scores indicated higher levels of TA. The literature supports the TAP’s internal reliability for the total scale (α = 0.8), general anxiety subscale (α = 0.79) and thought interfering subscale (α = 0.78; Anderson & Thelk, 2008).

1.4 Procedure 
The experiment took place face-to-face. Participants were required to execute a cognitive visual task and to complete the TAP questionnaire (Oetting & Deffenbacher, 1980). The questionnaire was administered through the web-based survey platform Qualtrics. 
The total time that each participant was expected to commit to this study was 30 minutes. During the cognitive task, participants sat at a table and were positioned approximately 45 cm from the screen. As the literature has shown that visual distractions are related to the performance during a cognitive task (e.g., Konstantinou et al., 2014; Cavallina et al., 2018), the wall towards which participants were facing during the experiment had priorly been cleared to ensure no distracting stimuli during the task. Participants were instructed to sit as comfortably as they wished while maintaining their head upright and at the same level as the computer screen. This was to keep a steady retinal image of the screen and to avoid any potential parallax error (Gutteling et al., 2015). Participants took part in the control condition in which no hand was placed in the visual field and in the experimental one in which the hand was positioned next to the left-side target location and within the visual field (Figure 2.2).
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Figure 2.2
Note. Posner task posture. Adapted from ‘Altered vision near the hands’, by R. A. Abrams et al., 2008, Cognition, 107(3), 1035–1047. https://doi.org/10.1016/j.cognition.2007.09.006 


Half the participants went through the control condition first and the other half the experimental one first; this was to counterbalance any eventual decrease of TA effects on the second set of trials.


1.5 Ethics
The research approval was obtained on January 25th, 2022 (Appendix A). Participants were provided with a Plain Language Statement and an Informed Consent form (Appendix B) in which they were informed that participation was voluntary and that they could withdraw from the study without any additional penalties. No incentives were offered for participation. Ethical requirements as concerns participants’ anonymisation were followed. As no personal data was gathered, full confidentiality of results was kept by the researchers involved in the project. Regarding Covid-19 preventive strategies, Covid-19 guidelines were adhered to. 

1.6 Data analysis
Test performance data were collected from PsychoPy3. Data were analysed using SPSS Statistics version 27 (IBM Corporation, 2020). Pairwise exclusion of cases was adopted for all statistics. Missing responses from the TA questionnaire and the cognitive task accounted for less than 5% of the total (Table 2.2), which was decided an acceptable percentage for statistical purposes (Tabachnick & Fidell, 2012). 


Table 2.2
Frequencies of TA and RTs scores

	
	RTs
	TA

	
	n
	%
	n
	%

	Valid
	3553
	98.69
	3600
	100

	Missing
	47
	1.31
	0
	0




3. Results
3.1 Normality tests
The Kolmogorov-Smirnov and the Shapiro-Will tests of normality showed that RTs and TA scores were not normally distributed. However, TA (Figure 3.1) as well as RTs scores (Figure 3.2) approximated a bell-shaped curve.


[image: ]
Figure 3.1
Histogram for TA scores
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Figure 3.2
Histogram for RTs scores

The scatterplot with RTs scores on the x axis and the TA scores on the y axis (Figure 3.3) showed a clear, systematic pattern, confirming the linear relationship between TA and RTs (R2 = 0.003). 

[image: ]

Figure 3.3
Scatterplot TA and RTs scores

As TA scores increased, RTs scores increased as well, which indicated higher/lower RTs. Considering the linearity between TA and RTs and the sample (n = 30), the Pearson product-moment correlation test was decided upon (Schinka et al., 2013). Before conducting the ANOVA, RTs scores, the hand presence and validity of trials conditions were tested for the assumptions underlying parametric analysis. The assumptions of normality, absence of outliers and homogeneity of variance were violated. However, the robustness of the ANOVA still allowed the parametric analysis (Schinka et al., 2013). A stricter significance threshold of .01 was adopted. Before performing the ANCOVA, covariate-specific assumptions were checked. As shown in Table 3.1, TA and RTs variability differed in that RTs’ amount of variation was very small compared to TA’s dispersion. Likewise, the degree of spread of data was higher in TA than in RTs scores. Thus, as the assumption of equal variability was violated, a more rigid significance threshold of 0.01 was adopted for the correlation between TA and RTs. 






Table 3.1
Equal variability of TA and RTs scores
	
	TA
	RTs

	M
	23.07
	1.07

	SD
	4.54
	0.09

	Variance
	20.60
	0.008

	Range
	18
	1.19

	Min
	14
	0.78

	Max
	32
	1.97




Moreover, as the box plots showed the presence of many outliers, the assumption of the absence of outliers was violated. Nonetheless, since there was a slight difference between the M and the 5% Trimmed M of each TA score, the parametric analysis was not affected by the presence of outliers. Further, the assumption of homogeneity of regression slopes produced statistically significant p values and was, thus, violated. Moreover, the matrix scatterplot did not show a linear relationship between TA scores and each group of the IVs, violating, hence, the assumption of linearity (Figure 3.4).

[image: ]
Figure 3.4
Matrix scatterplot of TA and RTs scores for each combination of IVs

 
3.2 Hypothesis 1. Relation between TA and RTs. 
A Pearson correlation was carried out to determine the relationship between TA and RTs. A negative relationship between TA and cognitive performance was hypothesised. The analysis showed a small positive correlation between TA and RTs, which was statistically significant r(3553) = .05, p < .01. We can confidently say that the hypothesis, which stated that there would be a relationship between TA and RTs scores, is confirmed. 

3.3 Hypotheses 2, 3, 4. The presence of the hand and the validity of trials on RTs. 
A two-way ANOVA was employed with the hand position (hand present/absent in the visual field) and the validity of trials (valid/invalid trials) as categorical IVs and participants’ RTs as the DV. Of the two sets of 60 trials (valid = 70%; non-valid = 30%), Table 3.2 shows that total RTs in the control condition (hand on lap) were slower than in the experimental one (hand next to the screen). In both conditions, RTs during non-valid trials were slower than during valid trials. 

Table 3.2
 Descriptive statistics two-way ANOVA
	Presence of hand
	Validity of trials
	M
	SD
	n

	No-hand present
	Non-valid trials
	1.14
	0.10
	534

	
	Valid trials
	1.07
	0.09
	1241

	
	Total
	1.09
	0.10
	1775

	Hand present
	Non-valid trials
	1.09
	0.08
	529

	
	Valid trials
	1.04
	0.07
	1249

	
	Total
	1.06
	0.07
	1778

	Total
	Non-valid trials
	1.12
	0.09
	1063

	
	Valid trials
	1.06
	0.08
	2490

	
	Total
	1.07
	0.09
	3553




The main effect for the presence of the hand reached statistical significance, F(1, 3549) = 176.169, p < 0.01. There was a statistically significant main effect for the validity of trials, F(1, 3549) = 368.262, p < 0.01. Still, the effect sizes for both the presence of the hand (η2 = .047) and the validity of trials variables (η2 = .094) were small. These results should be interpreted considering the significant interaction, F(1, 3549) = 8.525, p < 0.01, which indicated a very small effect size (η2 = .002). 
When an analysis of simple main effect for the validity of trials variable was carried out across the two levels of the presence of the hand, it was found to be statistically significant at the hand present level, t(911.236) = 13.102, p < 0.01, and to be statistically significant at the hand absent level, t(917.056) = 13.181, p < 0.01. Results showed that, in the hand present condition, participants’ RTs scores were slower during the non-valid trials (M = 1.09; SD = 0.08) than during the valid trials (M = 1.04; SD = 0.07). Similarly, in the hand absent condition, RTs scores were slower during the non-valid trials (M = 1.14; SD = 0.10) than during the valid trials (M = 1.07; SD = 0.09). The magnitude of the effect sizes in both the hand present (M difference = 0.05; r = 0.40) and the hand absent conditions were moderate (M difference = 0.07; r = 0.40). 
Next, an analysis of simple main effect for the hand presence variable was carried out across the two levels of the validity of trials and was found to be statistically significant at the valid trials level, t(2290.768) = 9.790, p < 0.01, and at the non-valid trials level, t(979.730) = 9.000, p < 0.01. As shown in Figure 3.5, results indicated that in the valid trials condition participants’ RTs scores were higher when the hand was absent (M = 1.07; SD = 0.09) and lower when the hand was present (M = 1.04; SD = 0.07). Similarly, in the non-valid trials condition, RTs scores were higher during the hand absent condition (M = 1.14; SD = 0.10) and lower during the hand present condition (M = 1.09; SD = 0.08). 
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Figure 3.5
Estimated marginal means of RTs scores

The magnitude of the effect sizes in both the valid (M difference = 0.03; r = 0.20) and non-valid trials (M difference = 0.05; r = 0.28) conditions were small. We can confidently say that the hypotheses, which stated that there would be a significant difference in RTs scores based on the validity of trials or on the presence of the hand in the visual field, are confirmed. 

3.4 Hypothesis 5. The influence of TA on the near-hand effect. 
A two-way ANCOVA was conducted to assess the effects of the presence of the hand in the visual field and the validity of trials while controlling for TA. Participants’ TA scores, gathered through the TAP questionnaire (Oetting & Deffenbacher, 1980), were used as the covariate to control and represented individuals’ TA during the cognitive task. 
After adjusting for TA scores, there was a significant interaction effect, F(1, 3548) = 8.583, p < 0.01. However, the effect size, representing how much of the variance of the RTs was explained by the interaction between the presence of the hand and the validity of trials, was very small (η2 = 0.002 = 0.2 %). The main effect for the hand presence, F(1, 3548) = 176.563, p < 0.01, and the validity of trials, F(1, 3548) = 369.219, p < 0.01, were statistically significant. Further, even when controlling for the effect of TA on RTs, the effects sizes were small in both the hand presence (η2 = 0.047) and the validity of trials (η2 = 0.094) variables. This meant that the hand presence explained 5% of the variance in RTs, and the validity of trials explained 9% of the RTs. 
As shown in Table 3.3, the inclusion of TA scores in the analysis did not significantly influence results in that the unadjusted Ms did not differ from the adjusted Ms. We can confidently say that there was a significant difference in RTs scores based on the validity of trials and on the presence of the hand in the visual field when controlling for TA. 










Table 3.3
Means, Adjusted Means, SD and Standard Error (SE) of RTs for the Hand presence and Validity of trials variables 

	
	Hand present
	No hand present

	
	Non-valid trials
	Valid trials
	Non-valid trials
	Valid trials

	M
	1.09
	1.04
	1.14
	1.07

	SD
	0.08
	0.07
	0.10
	0.09

	Madj
	1.09
	1.04
	1.14
	1.07

	S.E.
	0.004
	0.002
	0.004
	0.002



4. Discussion
4.1 Summary of findings 
The current study aimed to investigate whether visual processing is altered/biased when the hand is present in the visual field. The analysis assessing the relationship between TA and RTs produced significant results, which led to the confirmation of Hypothesis 1. Therefore, the more TA participants felt, the higher/slower their RTs scores were. This conforms with past studies indicating the negative correlation between TA and cognitive performance (e.g., Castaneda et al., 2008; Eysenck et al., 2007; Schnell et al., 2015; Chapell et al., 2005; Xu et al., 2020). 
Results robustly showed that the RTs to detect near-hand targets were lower/faster than those in the detection of far-hand stimuli, confirming Hypothesis 2. Moreover, results based on the validity of trials showed that the RTs scores during valid trials were faster/lower than the non-valid trials in both conditions, which led to the confirmation of Hypothesis 3. This is in line with past research supporting the near-hand effect in prioritising attention in peripersonal space (e.g., Reed et al., 2006; 2010). Further, results evidenced that the mechanism of disengagement of attention appeared to be faster with near-hand objects, rejecting Hypothesis 4 stating that the disengagement of attention was slower with near-hand objects. This is in opposition with past studies (e.g., Abrams et al., 2008; Reed et al., 2006) showing that the mechanism of disengagement of attention was impaired with near-hand objects. A few potential explanations might be considered. Firstly, limitations of the statistical analysis and the loss of power due to the violation of the ANCOVA assumptions could have confounded results. Secondly, as Gpower data analytic software (Erdfelder et al., 1996) used to compute statistical power analyses for many statistical tests (e.g., the general linear model of ANCOVA) suggested a sample of 50 participants for the present study, a higher sample might have drawn clearer conclusions. Contradictory results against the near-hand effect have been found in other recent studies, which indicated that the near-hand effect may not show consistently through different measurement techniques as it was thought. (Andringa et al., 2018; Bush & Vecera, 2014; Dufour & Touzalin, 2008). Considering the different methods used to investigate the near-hand effect (e.g., IOR, visual search), it is suggested that evidence of near-hand effect might depend on methodological variability. 
To investigate Hypothesis 5, the inclusion of TA scores in the analysis did not produce any significant changes in the results. Thus, the presence of the hand and the validity of trials influenced RTs more than TA. This might suggest that, despite its impact on cognitive performance (e.g., Castaneda et al., 2008; Eysenck et al., 2007), TA does not influence the near-hand effect on elementary cognitive tasks. Overall, findings suggest that the presence of the hand in the visual receptive field indeed reflected a biased/altered perception of visual stimuli.

4.2 Limitations and strengths 
As regards the present study, certain considerations about the sample must be mentioned. The convenience sampling adopted by this study might represent an obstacle to the generalisation of results to the population (Tabachnick & Fidell, 2012). Still, considering that the likelihood of participant biases is usually low in cognitive research (McCambridge et al., 2012), the recruitment of participants living in the same local area as the researcher did not represent an obstacle to the accuracy of data. Further, the number of participants involved in this project might have reduced the statistical power of the ANCOVA (Shieh, 2020). Nonetheless, a deeper investigation of the literature on visual processing revealed that sample sizes in other studies ranged from 22 (Tseng & Bridgeman, 2011) to 52 (Abrams et al., 2008), with the majority averaging around mid-20 (e.g., Coleman et al., 2017; Gozli et al., 2012; Sun & Thomas, 2013; Vatterott & Vecera, 2013). 
Considering participants from past studies were drawn from the college population, the involvement of a wider range of ages (from 20 to 55) in the present study contributed a more comprehensive analysis of cognitive functioning. This is also in consideration of the recent evidence indicating the improvement in orienting and executive inhibition for the older age groups (Veríssimo et al., 2021). 
Moreover, considerations about the methodology chosen must be acknowledged. Firstly, the use of RTs as measures of visual processing increases the likelihood that the facilitation effect could be at least partly due to response-related factors, for example, a lower stimulus-reaction criterion, instead of faster perception (Bang & Rahnev, 2017; Dufour & Touzalin, 2008). In view of the relationship between visuospatial attention and motor systems, the current study’s Posner task employed a procedure to shorten the stimulus/reaction gap by using the keyboard to measure RTs. However, as RTs tasks sometimes involve lateralised responses (e.g., pressing a response button on the other side of the target) which might generate stimulus-response compatibility as a confounding element (Lloyd et al., 2010), it might be the case that stimulus-response compatibility might have clouded the observation of the near-hand effect.  
Furthermore, it could be argued that the inclusion of TA scores in this research provided insights into the influence of TA on cognitive performance which has been lacking in other near-hand studies. However, the TA questionnaire used may present certain limitations. In the present study, TA scores ranged from 12 to 84 with lower numbers indicating a lower level of TA. As the highest TA score belonged to the lower half of the range (see Table 3.1), no participant felt a high level of TA during testing. It could be argued that the TAP questionnaire (Oetting & Deffenbacher, 1980) might not be suitable to measure TA during the elementary and brief Posner task. If this was the case, future research employing a simple cognitive task along with the TAP questionnaire might explore this latter’s construct validity more thoroughly. Another potential future avenue could be applying psycho-physiological measurements, such as the galvanic skin response (GSR), to objectively estimate participants’ level of anxiety (Najafpour et al., 2017).

4.3 Real-life implications and directions for future research 
As the current line of research is involved in how we interact with objects in everyday life, such as touch devices, findings may have real-life implications. Particularly, our attentional allocation abilities and the prioritisation of information to be extracted from the visual display are dependent on the hand position. Thus, the development of touch applications in relation to the link between finger motions and visual presentations on the screen could certainly avail from new understandings born out of this research area. Touch displays provide low-threshold access to information and rather intuitive ways of interacting with the content (Watson et al., 2013). Particularly, Brucker and colleagues (2021) have shown that the presence of the hand closed to the to-be-processed content was related to better knowledge acquisition. 
Despite the low impact of TA in the present research, the TAP (Oetting & Deffenbacher, 1980) is a user friendly and easy-to-administer questionnaire that could be applied in other clinical contexts. Indeed, TA measures carry potential implications for neuropsychological differential diagnosis. In a clinical setting, neuropsychological tests can cause fear and anxiety in patients worried about early signs of neuropathology (Kessler et al., 2014). In such cases, it is important to reduce TA by promoting self-efficacy and making sure that patients experience success in the initial stage of the assessment. Further, simply instructing participants about the adverse effects of stereotypes on cognitive performance can help mitigate their confounding action (Johns et al., 2005). 
Considering the different methods used to investigate the near-hand effect, such as the IOR (e.g., Abrams et al., 2008; Reed et al., 2006; Sun & Thomas, 2013), visual search (e.g., Abrams et al., 2008; Gozli et al., 2012) and change detection (Tseng & Bridgeman, 2011) in the presence of cues and the absence of cues (Abrams & Weidler, 2013; Dufour & Touzalin, 2008), as well as measures of cuing effects (Coleman et al., 2017; Lloyd et al., 2010), the robustness of the near-hand effect might depend on variations in methodology. Future research could employ electro-physiological techniques, such as event-related potentials (ERPs), ergo electrophysiological responses steadily linked in time with a stimulus onset or participants’ responses to specific sensory, cognitive and motor phenomena (Lohani et al., 2019). ERPs would be suitable not only to confirm the brain regions associated with visual perceptions but also the temporal microstructure flows of information between the areas involved (Woodman, 2010).	

4.4 Conclusion
The present study attempted to provide insights into the near-hand effect in the visual processing of visual stimuli, while controlling for the impact of TA. The findings substantiated the claim that the visual processing of objects in the near-hand space is altered/biased for attention, as results uncovered a significant difference in RTs scores based on the presence of the hand in the visual field and the validity of trials. However, the hypothesis according to which RTs scores are slower with invalid trials during the hand condition was rejected. However, as other studies have gathered that the near-hand effect on visual processing did not constitute an invariable, cross-contextual phenomenon (e.g., Bush & Vecera, 2014; Dufour & Touzalin, 2008), interpretations of the near-hand effect on uncontrolled real-life scenarios should be treated with caution. Findings revealed that TA did not mediate the differences in RTs across conditions. Concluding, the present study provides important insights into the development of multi-touch devices, such as tablets or smartphones, as interactions with the same are distinguished by information presented near the hands.
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DUBLIN CITY UNIVERSITY
Plain Language Statement
Introduction to the Research Study 
“The near-hand effect on the visual processing of objects in a sample of right-handed, normal-vision adults”
DCU Connected, BAPY
Principal investigator: Francesca Gaiera
Contact details: francesca.gaiera2@mail.dcu.ie
Other investigators: Lisa Keenan, doctoral researcher in developmental neuropsychology at the UCD School of Psychology

Dear participant, 
My name is Francesca Gaiera and I am a psychology undergraduate in my final year at DCU Connected. The aim of my research project is to assess whether the presence of the hand in the visual field would alter/bias the visual processing of objects. Insights from this study would inform the research into the development of touch device applications. Participation in this study will involve performing a cognitive task split into two sets and the completion of a test anxiety questionnaire using Qualtrics software. The time commitment required will be 30 minutes. Eligibility criteria for participation is:
1. Age range 20-55 years old;
2. Fluency in the English language;
3. Normal vision;
4. Right-handedness;
5. No history of cognitive problems.

Potential risks and benefits for participants
There will be minimal risks to participating. You may experience feelings of anxiety during the cognitive task, which might cause you discomfort and/or embarrassment. Also, as the questionnaire will inquire about stress levels during the task, if you feel that such questions might be harmful, please reconsider your participation.  
There are unlikely to be any direct benefits for you. Your participation will contribute to the study of cognitive mechanisms of the near-hand visual processing of objects. This would provide a deeper understanding of the field of visual selective attention. 

Confidentiality of data and participation
Full confidentiality of results will be kept by the researcher and the other investigators involved in the project. Your name will not be mentioned in the redaction of the final report. Confidentiality of information can only be protected within the limitations of the law - i.e., it is possible for data to be subject to subpoena, freedom of information claim or mandated reporting by some professions. 
Involvement in this research project is purely voluntary. You may withdraw from the study at any point. There will be no penalty applied on any participant wishing to withdraw prior to the conclusion of the study. Also, while completing the test anxiety questionnaire, you can skip any question you do not want to answer. Withdrawing consent will prevent any future data collection; however, previously collected data might still be processed. Results from the investigation will be disseminated to those who had fully participated and who had withdrawn from it, as well. 

Support for participants
A contact for psychological support managed by the Spanish Red Cross and the Ministry of Health (952222222) will be given to those participants who might suffer from adverse outcomes due to a higher level of anxiety. 

Privacy Notice
Only anonymous data will be collected. No identifiable information (e.g., date of birth, address) is being asked as part of this study. 

Retention of data
Data from the cognitive task and the questionnaire will be stored in an encrypted folder on a password-protected computer, backed up to an encrypted external hard-drive. After the completion of the study, data will be stored in a DCU-linked Google Drive folder for five years. Further, data from the questionnaire will be stored on the researcher’s DCU-linked survey account platform called Qualtrics for five years. 

If you have any questions about the project, please contact the researcher Francesca Gaiera on francesca.gaiera2@mail.dcu.ie.
If participants have concerns about this study and wish to contact an independent person,
please contact:
The Secretary, Dublin City University Research Ethics Committee, c/o Research and Innovation Support, Dublin City University, Dublin 9.  Tel 01-7008000, e-mail rec@dcu.ie
Alternately, you may contact the DCU Data Protection Officer – Mr. Martin Ward (data.protection@dcu.ie Ph.: 7005118 / 7008257).



DUBLIN CITY UNIVERSITY
Informed Consent Form

Research Study Title
“The near-hand effect on the visual processing of objects in a sample of right-handed, normal-vision adults” 
DCU Connected, BAPY
Principal investigator: Francesca Gaiera
Contact details: francesca.gaiera2@mail.dcu.ie
Other investigators: Lisa Keenan, doctoral researcher in developmental neuropsychology at the UCD School of Psychology

Purpose of the research
The purpose of this research study is to assess whether the presence of the hand in the visual receptive field would alter/bias the visual processing of objects. Knowledge from this project will provide insights into the field of visual selective attention and contribute to informing research into the development of touch device applications. 

Requirements for participating
Requirements include the execution of a cognitive task and the completion of a test anxiety questionnaire. To participate in this study, it is necessary that you give your informed consent. By signing this statement, you indicate that you understand the nature of the investigation and your role in it. 

Participants, please complete the following (circle Yes or No for each):

I have read the Plain Language Statement (or had it read to me)		Yes/No
I understand the information provided					Yes/No
I understand the information provided in relation to data protection 		Yes/No
I have had an opportunity to ask questions and discuss this study 		Yes/No
I have received satisfactory answers to all my questions	 		Yes/No
I understand that the time commitment will be 30 minutes			Yes/No
I meet the eligibility criteria 							Yes/No
I understand that there are minimal risks to participating			Yes/No
I understand that I may withdraw from the research at any point		Yes/No
I understand that confidentiality of results will be kept by the investigators	Yes/No
I understand that confidentiality of data is subject to legal limitations	Yes/No
I understand that data will be kept in a DCU Google Drive and Qualtrics for 5 years											Yes/No
I consent to my data to be used for an academic conference or publication 	Yes/No

Signature:
I have read and understood the information in this form. My questions and concerns have been answered by the investigators, and I have a copy of this consent form. Therefore, I consent to take part in this research project.

Participants Signature:								

Name in Block Capitals:								

Date:												
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DUBLIN CITY UNIVERSITY
Recruitment advertisement

Subject: Invite to research study investigating the near-hand effect
Body copy:
Hello, 
I’m Francesca Gaiera and I am a psychology undergraduate in my final year at DCU Connected. I’ve been working on a research project for my final year dissertation, and I need your help. My research question is to assess whether the presence of the hand in the visual field would alter/bias the visual processing of objects. 
Your participation will contribute to the study of cognitive mechanisms of the near-hand visual processing of objects, which would provide a deeper understanding of the field of visual selective attention. 
Participation in this study will involve performing a cognitive task and the completion of a test anxiety questionnaire using Qualtrics software. The time commitment required will be 30 minutes.
There will be minimal risks to participating. You may experience mild anxiety during the cognitive task, which might cause you discomfort and/or embarrassment. However, anxiety will disappear once the testing is over. Covid-19 public health measures of physical distancing, the use of masks and proper ventilation of the study’s location will be followed at all times. Full confidentiality of results will be kept by the researcher and the other investigators involved in the project. Involvement in this research project is purely voluntary and you may withdraw from the study at any point.
Would you like to help? To see if you are eligible, please read the requirements below:
· Age range from 20 to 55 years of age;
· Fluency in the English language;
· Normal vision;
· Right-handedness;
· No history of cognitive problems. 
If you fit these requirements and are interested in helping, contact me by email and let me know. 
Please let me know if you have any questions I could answer. 
Thank you for your time. 

Francesca Gaiera
DCU Connected
francesca.gaiera2@mail.dcu.ie
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Test Anxiety Questionnaire
‘Test Anxiety in Relation to Measures of Cognitive and Intellectual Functioning’

Oetting, E. R., & Deffenbacher, J. L. (1980). Test Anxiety Profile Manual. RMBSI, Inc.
Gass, C. & Curiel, R. (2011). Test Anxiety in Relation to Measures of Cognitive and Intellectual Functioning. Archives of Clinical Neuropsychology, 26. 396-404. https://doi.org/10.1093/arclin/acr034
People have different feelings and thoughts when they take tests. It is important to know how you felt and what thoughts you had during the testing you completed. Read each item below and answer by checking the answer that best applies to you. Give only one answer per item.

During the testing I usually felt
_ extremely calm		(1)
_ very calm			(2)
_ calm				(3)
_ in between			(4)
_ a little jittery			(5)
_ very jittery    	(6)
_ extremely jittery   	(7)

During the testing my fingers were
_ extremely stiff   	(7)
_ very stiff     	(6)
_ a little stiff    	(5)
_ in between     	(4)
_ relaxed      	(3)
_ very relaxed    	(2)
_ extremely relaxed  	(1)

During the testing I felt
_ extremely helpless 	(7)
_ very helpless    	(6)
_ a little helpless   	(5)
_ in between     	(4)
_ secure      	(3)
_ very secure    	(2)
_ extremely secure  	(1)

During the testing my breathing was
_ extremely loose  	(1)
_ very loose     	(2)
_ loose      		(3)
_ in between    	(4)
_ a little tight    	(5)
_ very tight     	(6)
_ extremely tight   	(7)

During the testing I was
_ extremely worried 	(7)
_ very worried    	(6)
_ a little worried   	(5)
_ in between     	(4)
_ carefree      	(3)
_ very carefree    	(2)
_ extremely carefree 	(1)

During the testing my ideas were
_ extremely clear   	(1)
_ very clear     	(2)
_ clear       	(3)
_ in between    	(4)
_ a little confused  	(5)
_ very confused   	(6)
_ extremely confused 	(7)

During the testing I felt
_ extremely unsure  	(7)
_ very unsure    	(6)
_ a little unsure     	(5)
_ in between      	(4)
_ somewhat sure (confident)	(3)
_ very sure       	(2)
_ extremely sure     	(1)

The testing situation seemed to me to be
_ extremely safe    	(1)
_ very safe       	(2)
_ safe         	(3)
_ in between      	(4)
_ a little dangerous   	(5)
_ very dangerous    	(6)
_ extremely dangerous   (7)

As far as preparation for testing, I mostly felt
_ extremely unready    (7)
_ very unready     	 (6)
_ unready        	 (5)
_ in between        (4)
_ ready     		  (3)
_ very ready 		  (2)
_ extremely ready 		  (1)

During testing my thoughts were
_ extremely jumbled  	  (7)
_ very jumbled  		  (6)
_ a little jumbled 		  (5)
_ in between  		  (4)
_ a little easy 		  (3)
_ very easy 			  (2)
_ extremely easy 		  (1)

During testing my mind was
_ working extremely well    (1)
_ working very well  	   (2)
_ working okay  		   (3)
_ in between  		   (4)
_ a little blank 		   (5)
_ very blank 		   (6)
_ extremely blank  	   (7)

While taking these tests, I generally felt
_ extremely uncomfortable  (7)
_ very uncomfortable  	   (6)
_ a little uncomfortable        (5)
_ in between  		   (4)
_ comfortable  		   (3)
_ very comfortable 	   	   (2)
_ extremely comfortable 	   (1)
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Table E1
Kolmogorov-Smirnov, the Shapiro-Will tests for TA and RTs
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Table E2
Normality tests for the presence of the hand 
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Table E3
Normality tests for the validity of trials
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Table E4
Absence of outliers in the presence of the hand condition
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Table E5
Absence of outliers in the validity of trials condition
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Table E6
Homogeneity of variance in the presence of the hand condition

[image: ]

Table E7
Homogeneity of variance in the validity of trials condition
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Table E8
Homogeneity of regression slopes for the ANCOVA
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Table F1
Skewness and kurtosis of TA and RTs scores
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Table F2
Correlation between TA and RTs scores
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Table G1
ANOVA main results
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Table G2
ANOVA main effect for the presence of the hand condition at the hand present level
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Table G3
M and SD for the presence of the hand at the hand present level
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Table G4
ANOVA main effect for the presence of the hand condition at the hand absent level
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Table G5
M and SD for the presence of the hand at the hand absent level
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Table G6
Calculation of r effect size for the presence of the hand at the hand present level
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Table G7
Calculation of r effect size for the presence of the hand condition at the hand absent level
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Table G8
ANOVA main effect for the validity of trials condition at the valid trials level
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Table G9
M and SD for the validity of trials condition at the valid trials level
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Table G10
ANOVA main effect for the validity of trials condition at the non-valid trials level
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Table G11
M and SD for the validity of trials condition at the non-valid trials level
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Table G12
Calculation of r effect size for the validity of trials condition at the valid trials level
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Table G13
Calculation of r effect size for the validity of trials condition at the non-valid trials level
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Table G14
ANCOVA main results
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Dependent Variable:

Tests of Between-Subjects Effects

Reacton Times

Type Il Sum Partial Eta
Source of Squares df MeanSquare F sig Squared
Carrected Model 3806 3 1268 178811 000 131
Intercept 146.478 1 146476 20646.068 000 853
Hand *TA 1232 1 12322 173722 000 047
Validity* TA 2490 1 2430 350980 000 080
Ermor 25179 3549 007

Total 4132653 3553

Corrected Total 28.985 3552

a R Squared=

131 (Adjusted R Squared = 131)
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Statistics
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Missing 0 a
Skewness 201 1781
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Kurtosis -708 10028
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Participants' Reacton
TAscores Times
Participants' TAscores  Pearson Correlation 1 050"
Sig. (2ailed) 003
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Reacton Times Pearson Corrslation 050" 1
Sig. (2ailed) 003
N 3553 3553

*_Corrslation is significant atthe 0.01 level (2-tailed)
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Dependent Variable:

Tests of Between-Subjects Effects

Reacton Times

Type Il Sum Partial Eta
Source of Squares df MeanSquare F sig Squared
Carrected Model 3910° 3 1.303 184.487 000 135
Intercept 3518.084 1 3518.084 497946666 000 993
Hand 1.245 1 1.245 176.159 000 047
Validity 2602 1 2602 368.262 000 094
Hand * Validity 060 1 060 8525 004 002
Ermor 25.074 3549 007

Total 4132653 3553

Corrected Total 28.985 3552

a R Squared=

135 (Adjusted R Squared = 134)
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Independent Samples Test”

Levene's Testfor Equality of

Variances ttestfor Equaliy of Means
95% Confidence Interval of the
Mean std. Error Difiersnce

F sig t o Sig.(aled)  Difference Difference Lower Upper

Reacton Times  Equal variances 4138 042 13645 1776 000 0501064007 0036720173 0429044709 0573083305
assumed

Equal variances not 13108 91123 000 0501064007 0038235792 0426023550 0576104455
assumed

a. Hand presence = hand present
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Group Statistics®

std. Error
Valid and nonvalidtials N Mean Std. Deviation Mean

ReactonTimes _non-valid trals, 520 1.081187926 0767814362 0032948477
valid trials 1249 1.041081525 0685631660 0019400354

a. Hand presence = hand present
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Independent Samples Test”

Levene's Testfor Equality of

Variances ttestfor Equaliy of Means
95% Confidence Interval of the
Mean std. Error Difiersnce
F sig t o Sig.(aled)  Difference Difference Lower Upper
Reacton Times  Equal variances 10,953 o0t 13774 1773 000 0680302546 0043432833 0583949776 0777855315
assumed
Equal variances not 13181 917.086 000 0680302546 0051656044 0579524762 0782280330

assumed

a. Hand prasence
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Group Statistics®

std. Error
Valid and nonvalidtials N Mean Std. Deviation Mean

ReactonTimes _non-valid trals, 534 1141054017 1020360851 0044544372
valid trials 1241 1.072963762 0821426458 0026156180

aHand presence = no-hand present




image24.png
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Independent Samples Test”

Levene's Testfor Equality of

Variances ttestfor Equaliy of Means
95% Confidence Interval of the
Mean std. Error Difiersnce
F sig t o Sig (2falled)  Difierence Difference Lower Upper
Reacton Times  Equal variances 36.264 000 799 2488 000 0318822368 0032535564 0255022798 0382621938
assumed
Equal variances not 9790 2200768 000 0318822368 0032565618 0254961188 0382683548

assumed

a. Valid and non-valid tials = vald trials
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Group Statistics®

std. Error
Hand presence N Mean Std. Deviation Mean

ReactonTimes no-handpresent 1241 1072963762 0921425458 0026156180
hand present 1249 1041081525 0685631660 0019400354

a. Valid and non-valid tials = vald trials
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Independent Samples Test”

Levene's Testfor Equality of

Variances ttestfor Equaliy of Means
95% Confidence Interval of the
Mean std. Error Difiersnce
F sig t o Sig.(aled)  Difference Difference Lower Upper
Reacton Times  Equal variances 28784 000 8988 1061 000 0498660907 0055483338 0389791370 0607530444
assumed
Equal variances not 9000 979730 000 0498660907 0055405805 0389933205 0607388609

assumed

a.Valid and non-valid tials = non-valid trals
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Group Statistics®

std. Error
Hand presence N Mean Std. Deviation Mean

Reacton Times _no-hand present 534 1141054017 1029350951 0044544372
hand present 520 1091187926 0757814962 0032948477

a.Valid and non-valid tials = non-valid trals
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Tests of Between-Subjects Effects

DependentVariable: Reacton Times

Type Il Sum Partial Eta
Source of Squares df MeanSquare F sig Squared
Carrected Model 3.983° 4 996 141.305 000 137
Intercept 148736 1 148736 21107.224 000 856
A 073 1 073 10.307 00t 003
Hand 1.244 1 1244 176563 000 047
Validity 2602 1 2602 389219 000 094
Hand * Validity 060 1 060 8.583 003 002
Ermor 25.002 3548 007

Total 4132653 3553

Corrected Total 28.985 3552

a. R Squared = 137 (Adjusted R Squared = 136)
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