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Individuals with autism (ASD) often face difficulty in executing graphic tasks. This can be related to how one uses a graphic tool (e.g., pen) and plans ahead the graphic execution. Use of graphic tool can be captured using attributes, e.g., pen-tip pressure, number of pen lifts, etc. One’s ability to plan a graphic execution can be quantified using the total duration of pen lifts (i.e., air time). Though pen-and-paper-based Trail Making Test-Part A (TMT-A) can estimate planning of graphic execution, yet it cannot capture other attributes, e.g., pen-tip pressure, pen lift, etc. This can be possible if TMT-A is administered on a pressure-sensitive tablet as seen from existing studies with typically developing (TD) individuals. However, quantification of such attributes using TMT-A administered on a pressure-sensitive tablet remains unexplored for individuals with ASD. In addition, such objective measures can help to understand variations in the use of graphic tool and ability to plan graphic execution even outside the TMT-A task, e.g., while drawing shapes which is important to the development of children’s graphic skills. Here, we conducted a study with 12 pairs of TD children and those with ASD who executed TMT-A (in Phase-I) and shape drawing (in Phase-II) on a pressure-sensitive tablet. Results of our study show differences in the use of graphic tool and planning ahead the graphic execution between two participant groups in both the Phases. Such insights can offer clinical inputs that can be helpful in designing individualized intervention paradigms for children facing difficulties in graphic execution.
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1 Introduction

One’s ability to successfully execute graphic activities might depend on how one uses a graphic tool (Kushki et al., 2011) and how one plans ahead the execution of the graphic task (Kushki et al., 2011). One’s use of a graphic tool can be captured in terms of pen-tip pressure used (Harris and Rarick, 1957), number of pen lifts (Paz-Villagrán et al., 2014), active time (Rosenblum et al., 2003) and pen-tip speed (Zham et al., 2017). Again, one’s ability to plan ahead before executing the graphic task can be captured in terms of air time (Rosenblum et al., 2001, 2003). Specifically, the pressure exerted using the pen-tip on a surface affects the intensity of the imprint (Sousa and Buchanan, 1999) that in turn can affect the visual representation of the graphic output (Nishitsuji et al., 2022). Further, lifting of a pen from the surface (during graphic execution) reflects discontinuity and irregularity in one’s graphic execution (Paz-Villagrán et al., 2014), which can lead to a reduction of the active time [i.e., the duration for which the pen-tip touches the surface (Rosenblum et al., 2003)] that in turn is related to the speed of the pen-tip being used (Zham et al., 2017). In fact, speed of the pen-tip (on the surface) used can affect the graphic output, since this is related to one’s ability to control the pen during the graphic execution (Grace et al., 2017). Higher air time used during graphic execution can be indicative of one having difficulty in planning ahead (Rosenblum et al., 2013) and thereby adopting a sequential preparation and execution approach in which one will formulate a short-term plan, execute it, then pause (while the pen-tip might be away from the surface) to update the plan and then carry on with the execution of the updated plan (Rosenblum et al., 2003). In contrast, shorter air time might be demonstrated by one having good ability to plan ahead the graphic execution (Rosenblum et al., 2013), since he/she will create a plan of how to complete the task before starting the task execution and in turn be able to update/modify the plan simultaneously during the graphic execution (Rosenblum et al., 2003).

Past studies have shown that one’s graphic execution ability can affect his/her academic performance thereby affecting the overall academic success (Feder and Majnemer, 2007). In addition, researchers have shown the importance of graphic execution in allowing one to express his/her thoughts and communicate with others (Kushki et al., 2011). In fact, researchers have shown that use of graphic execution as a medium to express oneself is especially helpful for children with neurodevelopmental disorders such as those with autism spectrum disorder (ASD henceforth) (Emery, 2004) who are often reported to have difficulty in social reciprocity (Mundy and Markus, 1997), and communicating with others (Mundy and Markus, 1997) when it comes to oral communication. Given the importance of graphic execution especially for individuals with ASD, past studies have investigated the differences in the quality of the graphic output among typically developing (TD henceforth) children and those with ASD (Henderson and Green, 2001; Cartmill et al., 2009). The differences in the quality of the graphic output of the two groups can be possibly attributed to the use of graphic tool (Kushki et al., 2011) and one’s ability to plan the execution of a task (Kushki et al., 2011). This necessitates quantifying one’s use of the graphic tool and ability to plan the graphic execution. Such quantification can be helpful in identifying the specific reasons leading to difficulties in one’s graphic execution thereby helping in design of individualized intervention routines to improve one’s graphic skill. For instance, if a child is demonstrating greater number of pen lifts indicating a greater discontinuity leading to greater lack of fluency in one’s graphic execution, then the caregiver/therapist/interventionist can identify the possible reason behind a graphic output having inferior quality and in turn intervene to help the child create a graphic output of superior quality. Likewise, if the graphic output created by a child has feeble intensity of imprint, then quantification on the pen-tip pressure might help an interventionist to suggest the child to increase the pen-tip pressure [while not exceeding normal limits (Horie and Shibata, 2018)] and in turn help the child to create a superior quality of graphic output. Given the importance of exploring the attributes related to the use of graphic tool and planning with regard to quantifying one’s graphic execution ability, past studies have investigated such attributes (Rosenblum et al., 2003; Grace et al., 2017). For instance, in one of the studies, (Yamaguchi et al., 2019) have investigated the pen-tip pressure exerted by a group of TD children and those with ASD during a graphic task (such as a line drawing task) and found that children with ASD exerted lesser pen-tip pressure than their TD counterparts that in turn led to poorer graphic output of children with ASD. As far as the speed of the pen-tip used during graphic execution is concerned, researchers found that children with ASD exhibited a greater pen-tip speed (quantified by a pressure-sensitive tablet) than the TD children (Grace et al., 2017) possibly leading them to deviate from their comfortable speed of graphic execution due to reduced ability to control the pen (Grace et al., 2017). Such deviation from one’s comfortable speed can adversely affect the graphic execution (Harris and Rarick, 1957). Again, with regard to investigating the attributes related to planning, past studies have reported that often children with ASD exhibit a larger time than their TD counterparts (Henderson and Green, 2001; Cartmill et al., 2009) that in turn might be due to a higher air time, thereby inferring that children with ASD have difficulty in planning ahead the graphic execution. While differences in the number of pen lifts affecting the fluency of one’s graphic execution between individuals with ASD and their age-matched TD counterparts have not been explored extensively in literature, the above-mentioned studies have shown differences in the use of pen-tip pressure, pen-tip speed and ability to plan between the two groups for text handwriting task. The Table 1 summarizes the nature of the differences in these attributes between the two groups. However, such graphic tasks involving handwriting of text requires one to be familiar with the language in which the text is to be written thereby confounding the quality of the graphic output. This emphasizes the need to quantify such attributes using language-agnostic graphic tasks such as drawing of shapes.



TABLE 1 Summary of nature of the differences in the use of graphic tool and planning for TD individuals and individuals with ASD (as reported in literature).
[image: Table1]

In fact, such ability to plan ahead the graphic execution can be captured using standardized tests such as the Trail Making Test-Part A (TMT-A henceforth) (Armitage, 1946). There have been studies which have shown that individuals with ASD took more time to complete the TMT-A (using the pen-and-paper based approach) than their TD counterparts (Goldstein et al., 2001) thereby indicating a reduced ability to plan ahead the execution of the task among individuals with ASD than their TD counterparts. Though insightful, none of the studies (to the best of our knowledge) have compared the use of graphic tool and the ability to plan ahead the graphic execution between group comprising of individuals with ASD and group of TD individuals for the TMT-A task while quantifying any possible differences (between the two groups) using a pressure-sensitive tablet. Again, appropriate use of graphic tool and ability to plan ahead a graphic execution being important for execution of graphic tasks (Kushki et al., 2011) such as, drawing of shapes and drawing of shapes being an important precursor in the development of one’s graphic skills (Feder and Majnemer, 2007), we wanted to investigate whether differences in the use of graphic tool and ability to plan ahead exist between a group comprising of individuals with ASD and a group of TD individuals for drawing of shapes.

Motivated by this need, in our present work, we have conducted a study in two phases (Phase-I and Phase-II) wherein the TMT-A was executed (in Phase-I) followed by drawing of shapes (in Phase-II) on a pressure-sensitive tablet. While this approach of executing TMT-A on a pressure-sensitive tablet for quantifying one’s graphic ability have been explored for TD individuals (Fellows et al., 2017) and individuals with neurodegenerative disorders (Lara-Garduno et al., 2022), this has remained as largely unexplored for children with ASD, leaving room for further exploration for this target population. This is important since children with ASD often face difficulties in graphic execution (Batchelder et al., 2009; Kushki et al., 2011; Moore et al., 2013), thereby necessitating use of a standardized test (i.e., TMT-A) executed on a pressure-sensitive tablet to identify specific attributes related to both the use of the graphic tool and one’s planning ahead the graphic execution that can help understand the underlying factors associated with such difficulties thereby providing critical inputs for individualized intervention. In addition, we wanted to explore these attributes while executing shape drawing task by children with ASD. This is because, drawing of shapes is an important step in the process of development of graphic skills in children (Feder and Majnemer, 2007). The objectives of our study were to understand whether there exists any difference in the attributes (related to the use of the graphic tool and planning) while a group of TD children and those with ASD took part in (i) executing TMT-A task and (ii) shape drawing task administered on a pressure-sensitive tablet.

The rest of the paper is organized as follows: section 2 describes the system design. The experiment and the methodology used are discussed in section 3. Section 4 discusses our findings. The conclusion along with the limitations and future scope of our work are discussed in Section 5.



2 System design

The Figure 1 shows a bird’s eye view of our system comprising of a pressure-sensitive tablet that was connected to a Task Computer via a USB cable. Our study conducted in two phases (Phase-I and Phase-II) involved Trail Making using Trail Making Test-Part A (TMT-A) (Phase-I) and drawing of shapes (Phase-II) using a pressure-sensitive tablet.

[image: Figure 1]

FIGURE 1
 Bird’s eye view of the system.


The Task Computer was used to store the data and extract the attributes related to the use of the pressure-sensitive pen (i.e., graphic tool) and planning while taking part in Phase-I and Phase-II using an Attribute Extractor.



3 Experiment and methods


3.1 Participants

In our current study, a total of 19 participants with high functioning ASD volunteered. However, out of these 19 participants, only 12 participants (GroupASD henceforth) who were familiar with numbers [e.g., “1,” “2” and so on; that is an integral part of the Trail Making Test-Part A (Armitage, 1946)] were recruited based on the therapist’s recommendation from a nearby mental health institute. Subsequently, we recruited 12 age-matched typically developing children (GroupTD henceforth; while ensuring that the children were familiar with the number system) from nearby regular schools. Thus, in our current study, a total of 24 participants took part (Table 2).



TABLE 2 Participant characteristics.
[image: Table2]

To know the level of autism of all the participants, we administered the Social Responsiveness Scale (SRS) (Coon et al., 2010) and the Social Communication Questionnaire (SCQ) (Chandler et al., 2007). All the participants in GroupASD were above the clinical threshold for SRS and/or SCQ scores. Whereas, both SRS and SCQ measures were found to be below the clinical threshold for all the participants belonging to GroupTD. All the participants had intact visual and motor abilities.



3.2 Study design and ethics approval

Both the Phase-I and Phase-II of the study were designed as single session studies. The Phase-I of the study was designed in which the participants were expected to complete the execution of the Trail Making Test-Part A (section 3.3.1). The detailed procedure of Phase-I of the study is given in section 3.4.1. The Phase-II of the study was designed in which the participants were expected to complete the drawing of two shapes having edges (section 3.3.2). The detailed procedure for Phase-II of the study is given in section 3.4.2. The procedure for both the Phases of the study was conducted in accordance with the approval and recommendations from the Institutional Ethics Committee, IIT Gandhinagar. The Approval Number is IEC/UL/2021/001.



3.3 Tasks involved in Phase-I and Phase-II

The Phase-I involved executing the Trail Making Test-Part A (TMT-A) and the Phase-II involved drawing of shapes using the pressure-sensitive tablet.


3.3.1 Trail Making Test-Part A in Phase-I

The TMT-A consists of encircled numbers ranging from 1–25 (Armitage, 1946). The execution of the TMT-A includes making a trail by connecting the encircled numbers 1–25 in an ascending order (i.e., from 1 to 2 to 3 and so on) with lines. The time taken to make a trail while connecting the numbers is noted and this performance is often considered as an indicator of one’s ability to plan ahead (Armitage, 1946).



3.3.2 Shape drawing in Phase-II

Out of various possible shapes, in Phase-II of our study, we considered basic shapes, such as triangle, square and line presented on the monitor of the Task Computer as ShapeT and ShapeR (Figures 2A,B). The ShapeT (Figure 2A) resembled a triangle. The ShapeR (Figure 2B) consisted of two squares connected with a horizontal line. We chose these shapes, since a child’s daily academic routine often has elementary geometry in which triangles and squares are shapes that a child is often acquainted with (Santos et al., 2005).

[image: Figure 2]

FIGURE 2
 Shapes to be drawn: (A) ShapeT and (B) ShapeR.





3.4 Procedure

The procedure used in Phase-I and Phase-II (with Phase-I followed by Phase-II) is described below. Our study was conducted following the Institute ethics.


3.4.1 Procedure for Phase-I

The Phase-I of the study required a commitment of ~25 min from each participant. When the participant with his/her caregiver entered the study room, the experimenter introduced herself and interacted with the participant to make him/her comfortable. This was followed by explaining and giving a short demonstration of the TMT-A task to the participant using a sample template. Further, the experimenter mentioned that the participant was free to ask for breaks, if needed. Each participant was told that he/she was free to withdraw from the study in case of any discomfort. Then, the experimenter handed over the pressure-sensitive pen to the participant and told the participant that he/she was free to write/draw anything that they wished to on the tablet. This was done to make the participants comfortable in using the pressure-sensitive pen. This introductory session took ~15 min. Signing of the consent form by the participant’s caregiver was administered. Once the participant mentioned that he/she was ready to start the task, the tablet with the TMT-A printed on a white A4 size paper (pasted on it) was handed over to him/her. After the participant completed the TMT-A task, he/she was given a break of ~5 min. This was followed by Phase-II of the study.



3.4.2 Procedure for Phase-II

The Phase-II of the study required a commitment of ~10 min from each participant. First, the experimenter explained the task to the participant using a visual schedule which took ~5 min. Once the participant expressed that he/she has understood the task and was ready to start the task, the pressure-sensitive tablet with white A4 size paper (pasted on it) was handed over to him/her. This was followed by the shapes (ShapeT and ShapeR) being presented one at a time on the monitor of the Task Computer (section 3.3.2). A rest break of ~1 min was given between the tasks of drawing of the two shapes. The study concluded by the experimenter thanking the participant followed by conducting an informal verbal feedback session in the presence of the therapist. The feedback session was intended to understand the participant’s impression of the graphic tasks in both the phases of the study.




3.5 Experimental setup

The experimental setup (Figure 3) for both the phases (Phase-I and Phase-II) of the study consisted of a (i) pressure-sensitive tablet with a pen, (ii) Task Computer, (iii) table and (iv) chair. The Task Computer placed in front of the participant at a distance of ~50 cm was used to store the data acquired from the pressure-sensitive tablet [WACOM CTL-672 (One by Wacom, Wacom, 2022)] and extract the attributes (section 3.6) related to the use of the graphic tool (i.e., the pressure-sensitive pen) and one’s planning associated with the execution of a task.

[image: Figure 3]

FIGURE 3
 Experimental Setup.


For Phase-I of the study, the template of the Trail Making Test-Part A (TMT-A) (Armitage, 1946) was printed on a white A4 size paper and pasted on the pressure-sensitive tablet. For Phase-II of the study, the Task Computer was used to present two shapes (i.e., ShapeT and ShapeR; described in section 3.3.2) and store the digital copies of the shapes being drawn by a participant. In Phase-II, a white A4 size paper was pasted on the pressure-sensitive tablet for drawing of the two shapes. The experimental room was uniformly lit.



3.6 Attribute extraction

While one took part in Phase-I and Phase-II of the study, we investigated the attributes related to the use of the graphic tool and one’s planning involved while executing the graphic tasks. For this, we acquired the data on the 2D (x, y) coordinates of the pressure-sensitive tablet touched by one’s graphic tool (i.e., the pen-tip) and the graphic pressure (on a 0 to 100 scale; where 0 indicated that the pen-tip was in air and 100 indicated the maximum permissible pen-tip pressure while the pen-tip was in contact with the tablet surface) along with time-stamping for subsequent analysis. The stored data was processed to extract four attributes, namely active time (Rosenblum et al., 2003), mean speed of pen-tip (Zham et al., 2017), number of pen lifts (Paz-Villagrán et al., 2014), and weighted graphic pressure (Zham et al., 2017) related to the use of the graphic tool and one attribute, namely air time (Rosenblum et al., 2003) related to one’s planning (Rosenblum et al., 2013).


3.6.1 Extraction of active time

We chose to include the active time [i.e., the amount of time one’s pen-tip is in contact with the surface during the execution of a graphic task; (Rosenblum et al., 2003)] that can be related to one’s execution of the graphic movement (Gerth et al., 2016). Lower active time might infer higher speed of the pen-tip (during a graphic task) which if goes beyond one’s comfortable speed limit can lead to a deteriorated graphic output (Harris and Rarick, 1957). The active time ([image: image]) was computed using Eq. 1.

[image: image]

where, j = instance when the pen-tip is in contact with the surface and Δt = duration for which the pen-tip touches the surface.

The [image: image] extracted for each participant was normalized across the participant groups (i.e., GroupASD and GroupTD) using Max Normalization technique (Liu, 2011) to compute [image: image].



3.6.2 Extraction of mean speed of pen-tip

We chose to include mean speed of pen-tip (Zham et al., 2017), since it can be related to one’s execution and control of the pen movement (Grace et al., 2017) that can affect the representation of the graphic output. The mean speed of pen-tip (MeanSpeed) was computed using Eq. 2.

[image: image]

[image: image]

[image: image]

where, N = total number of data points and (xn, yn) and (xn + 1, yn + 1) are the 2D (x, y) coordinates of the nth and (n + 1)th data point, respectively. The factor “133” was the sampling rate of the tablet.

The MeanSpeed extracted for each participant was normalized across the participant groups (i.e., GroupASD and GroupTD) using Max Normalization technique (Liu, 2011) to compute [image: image].



3.6.3 Extraction of number of pen lifts

We chose to include number of pen lifts as one of the attributes related to the use of the graphic tool, since a pen lift can reflect discontinuity in graphic execution (Paz-Villagrán et al., 2014). Each pen lift was identified using the 0 normalized value of the pen-tip pressure. The last pen lift was excluded from this count as this indicated lifting of the pen due to the completion of the task. The Number of Pen Lifts extracted for each participant was normalized across the participant groups (i.e., GroupASD and GroupTD) using Max Normalization technique (Liu, 2011) to compute [image: image].



3.6.4 Extraction of weighted graphic pressure

We chose to include graphic pressure as one of the attributes related to the use of the graphic tool, since the amount of pressure exerted by one using the pen tip (during a graphic task) affects the intensity of the imprint. Again, since the imprints (i.e., the trail or the shapes) created by the participants (during Phase-I and Phase-II) could vary in terms of the length of the lines drawn, we normalized the weighted graphic pressure for the length of the lines drawn using Eq. 3.

[image: image]

where, GPrw = weighted graphic pressure, Di = length of the ith segment and MPr
i
 = mean pen-tip pressure of the ith segment.

Further, the GPr
w
 extracted for each participant was normalized across the participant groups (i.e., GroupASD and GroupTD) using Max Normalization technique (Liu, 2011) to compute [image: image].



3.6.5 Extraction of air time

We chose to include the air time as one of the attributes related to one’s planning since the amount of time one’s pen-tip is not in contact with a surface during the execution of a graphic task might reflect the amount of time spent in planning the execution of the task (Rosenblum et al., 2013). A lower air time might reflect nearly simultaneous preparation and execution of the graphic movement (Rosenblum et al., 2003) possibly indicating improved ability to plan ahead the graphic execution. The air time was computed using Eq. 4.

[image: image]

where, k = instances when the pen-tip is away from the surface and Δt = duration for which the pen-tip is in air.

The TAir extracted for each participant was normalized across the participant groups (i.e., GroupASD and GroupTD) using Max Normalization technique (Liu, 2011) to compute [image: image].




3.7 Statistical techniques used

While we extracted the attributes related to the use of the graphic tool as well as those related to planning for both Phase-I (section 3.3.1) and Phase-II (section 3.3.2) of the study, we wanted to investigate the statistical relevance of each of these extracted attributes. For the same, we first normalized the extracted attributes using Max Normalization (Liu, 2011) technique. Subsequently, we carried out Shapiro–Wilk test (Hanusz et al., 2016) of normality on each of the extracted attributes to test the assumption of normality for the extracted data. The results of the Shapiro–Wilk test of normality indicated that the attributes were not normally distributed thereby violating the assumption of normality. Also, we were interested in carrying out comparative group analysis between two independent participant groups, thereby taking into account the independency assumption. Thus, we used the non-parametric test such as the Mann Whitney U test (McKnight and Najab, 2010) to compare the attributes between the two independent participant groups. Further, we computed the Cohen’s d (Becker, 2000) to get an understanding of the effect size. In addition, to investigate the sample power we used the G*Power tool (Faul et al., 2009) for post-hoc estimation of sample strength.




4 Results and discussion

Given the importance of having the ability to plan ahead a graphic execution coupled with meticulous use of the graphic tool during the execution of a graphic task (Kushki et al., 2011), we wanted to understand whether there exists any difference in the attributes related to the use of the graphic tool and those related to planning associated with the execution of the Trail Making Test-Part A (TMT-A) on a pressure-sensitive tablet among GroupASD and GroupTD. In addition, we wanted to understand whether the two groups of participants differ in terms of the attributes related to the use of the graphic tool as well as those related to planning during shape drawing tasks administered on a pressure-sensitive tablet.


4.1 Comparative analysis of attributes related to the use of graphic tool and planning among GroupASD and GroupTD for Phase-I (i.e., TMT-A)

For understanding whether the attributes related to the use of the graphic tool and those related to planning associated with the execution of the TMT-A are differentiated among GroupASD and GroupTD, we carried out a comparative analysis of the extracted attributes (section 3.6) associated with one’s trail making performance administered on a pressure-sensitive tablet.


4.1.1 Comparative analysis of attributes related to the use of the graphic tool

With regard to the attributes related to the use of the graphic tool, we analysed active time, mean speed of pen-tip, number of pen lifts, and the weighted graphic pressure (section 3.6.1 to section 3.6.4) while the participants executed the TMT-A task.


4.1.1.1 Comparative analysis of normalized active time

Since the active time ([image: image]; section 3.6.1) i.e., the amount of time the tip of a graphic tool remains in contact with the drawing surface (during the graphic execution) can be related to one’s execution of the graphic movement (Gerth et al., 2016), we performed a comparative analysis of the normalized active time during the execution of the TMT-A for GroupASD and GroupTD. It can be seen from Figure 4 that both the GroupASD and GroupTD demonstrated nearly similar active time with the difference being not statistically significant inferring nearly similar time spent in executing the TMT-A task.

[image: Figure 4]

FIGURE 4
 Comparative analysis of normalized active time.




4.1.1.2 Comparative analysis of normalized mean speed of pen-tip

Since the speed of one’s pen-tip (Zham et al., 2017) on the writing surface during the graphic execution can affect the graphic output (Grace et al., 2017), we carried out a comparative group analysis of the normalized mean speed of pen-tip (MeanSpeed_Norm; section 3.6.2) used by the two participant groups during the execution of the TMT-A task. It can be seen from Figure 5 that GroupASD demonstrated nearly similar (not statistically different) mean speed of pen-tip as that of GroupTD inferring similar control on using the pen by both the groups.

[image: Figure 5]

FIGURE 5
 Comparative analysis of normalized mean speed of pen-tip.




4.1.1.3 Comparative analysis of normalized number of pen lifts

Since the number of pen lifts can be an indicator to the discontinuities in the graphic execution (Paz-Villagrán et al., 2014), we wanted to understand whether there existed any difference in the number of pen lifts (Number of Pen Lifts_Norm; section 3.6.3) exhibited by both the groups during the execution of the TMT-A task.

It can be seen from Figure 6 that GroupTD demonstrated significantly (p-value <0.05, Cohen’s d = 3.10) lower (Δ% = ~88%) number of pen lifts (normalized) than GroupASD.

[image: Figure 6]

FIGURE 6
 Comparative analysis of normalized number of pen lifts. *Indicates p-value <0.05.




4.1.1.4 Comparative analysis of normalized weighted graphic pressure

Since the amount of pressure exerted by one’s pen-tip on a surface can affect the intensity of the imprint, i.e., the graphic output (Sousa and Buchanan, 1999), we performed a comparative group analysis of the normalized weighted graphic pressure ([image: image] for the TMT-A task; section 3.6.4) used by GroupTD and GroupASD.

The Figure 7 shows that the GroupTD exerted statistically (p-value <0.05, Cohen’s d = 1.17) higher (Δ% = ~40%) normalized weighted graphic pressure than GroupASD.

[image: Figure 7]

FIGURE 7
 Comparative analysis of normalized weighted graphic pressure. *Indicates p-value <0.05.





4.1.2 Comparative analysis of attributes related to planning

With regard to one’s planning ahead (in executing a task), we analysed air time that has been reported to be associated with one’s graphic skill (Rosenblum et al., 2001, 2013 and explained in section 3.6.5) while the participants executed the TMT-A task.


4.1.2.1 Comparative analysis of normalized air time

Having seen that the number of pen lifts of GroupTD was lesser than the GroupASD (Figure 6), we wanted to explore the cumulative sum of the time interval between the successive pen lifts i.e., the air time. Also, given that the air time during the execution of a graphic task might reflect the time spent in planning the graphic execution (Rosenblum et al., 2013) along with individuals with ASD characterized by deficits in planning ahead a task (Goldstein et al., 2001; Booth et al., 2003), we carried out a comparative analysis of the air time (TAir_Norm) taken while completing the TMT-A task (section 3.6.5) among both the participant groups.

It can be seen from Figure 8 that GroupTD exhibited statistically (p-value <0.05, Cohen’s d = 4.89) lower (Δ% = ~87%) normalized air time than the GroupASD.

[image: Figure 8]

FIGURE 8
 Comparative analysis of normalized air time. *Indicates p-value <0.05.


A lower air time might indicate one’s ability to plan and execute a graphic movement simultaneously (Rosenblum et al., 2003). In contrast, a higher air time might reflect sequential preparation and execution of the graphic movement associated with discontinuities [Paz-Villagrán et al., 2014; represented by increased number of pen lifts of GroupASD (Figure 6)] that in turn can be associated with their reduced ability to plan ahead the graphic execution (Rosenblum et al., 2003).





4.2 Comparative analysis of attributes related to the use of graphic tool between GroupTD and GroupASD for Phase-II (i.e., shape drawing)

With appropriate use of the graphic tool and ability to plan ahead a graphic execution being important for execution of graphic tasks (Kushki et al., 2011) such as, drawing of shapes and statistical differences in the number of pen lifts and the weighted graphic pressure (related to the use of graphic tool) and air time (related to the planning) existing between the GroupASD and GroupTD (as evident from Phase-I of our study; section 4.1), we wanted to investigate whether such differences also existed between the GroupASD and GroupTD for shape drawing. For this, we carried out comparative group analysis of three of the attributes, namely number of pen lifts, weighted graphic pressure and air time while GroupASD and GroupTD drew shapes i.e., ShapeT and ShapeR (section 3.3.2) during Phase-II of our study.


4.2.1 Comparative analysis of normalized number of pen lifts

As can be seen from Figure 9, irrespective of ShapeT and ShapeR, the GroupTD showed lesser number of pen lifts than the GroupASD. In fact, similar to our observations on the difference in the number of pen lifts between the GroupASD and GroupTD during the execution of the TMT-A task (section 4.1.1), in the case of shape drawing, the GroupTD demonstrated significantly (p-value <0.05, Cohen’s d = 0.68 and 1.11, respectively for ShapeT and ShapeR) lower (Δ% = ~46% and ~75%, respectively for ShapeT and ShapeR) number of pen lifts (Number of Pen Lifts_Norm; section 3.6.3) than GroupASD thereby indicating lesser discontinuity during drawing of both the shapes.

[image: Figure 9]

FIGURE 9
 Comparative analysis of normalized number of pen lifts for (A) ShapeT and (B) ShapeR. *Indicates p-value <0.05.




4.2.2 Comparative analysis of normalized weighted graphic pressure

The Figure 10 shows the comparative group analysis of normalized weighted graphic pressure ([image: image]; section 3.6.4) for GroupTD and GroupASD.

[image: Figure 10]

FIGURE 10
 Comparative analysis of normalized weighted graphic pressure for (A) ShapeT and (B) ShapeR. *Indicates p-value <0.05.


It can be seen from Figure 10, that irrespective of the shape being drawn, GroupTD exhibited statistically (p-value <0.05, Cohen’s d = 1.05 and 1.44, respectively for ShapeT and ShapeR) higher (Δ% = ~36% and ~48%, respectively for ShapeT and ShapeR) weighted graphic pressure than GroupASD, similar to our observations on the difference in the weighted graphic pressure between the GroupASD and GroupTD during the execution of the TMT-A task (section 4.1.1).



4.2.3 Comparative analysis of normalized air time

As can be seen from Figure 11, irrespective of the ShapeT or ShapeR being drawn, the GroupASD spent more normalized air time ([image: image]; section 3.6.5) than GroupTD (possibly inferring greater planning time required by the GroupASD than GroupTD), though the difference in the air time between the two participant groups was statistical (p-value <0.05, Cohen’s d = 0.88) for ShapeR (Δ% = ~134%) unlike ShapeT (Δ% = ~13%). The reason behind such differences warrants deeper investigation in future.

[image: Figure 11]

FIGURE 11
 Comparative analysis of normalized air time for (A) ShapeT and (B) ShapeR. *Indicates p-value <0.05.






5 Conclusion and future work

In our present research, we wanted to understand whether there exists any difference in the attributes related to the use of the graphic tool and those related to planning while executing the Trail Making Test-Part A (TMT-A) and drawing of basic shapes on a pressure-sensitive tablet between a group of TD children (GroupTD) and those with ASD (GroupASD). Results of our study with 12 pairs of children with Autism and age-matched TD children indicate that GroupASD demonstrated statistically greater number of pen lifts and lower weighted graphic pressure (two of the attributes related to the use of the graphic tool) during the execution of the TMT-A on a pressure-sensitive tablet than GroupTD. Again, GroupASD demonstrated statistically higher air time (an attribute related to planning) during the execution of the TMT-A on the pressure-sensitive tablet than their TD counterparts. Subsequently, we investigated these three statistically discriminative attributes to understand the differences in the graphic skills of the two groups (if any) during drawing of shapes, such as ShapeT and ShapeR. We observed that GroupTD demonstrated lesser number of pen lifts, higher weighted graphic pressure (attributes related to the use of graphic tool), lower air time (an attribute related to planning) than those belonging to GroupASD during shape drawing task. To summarize, the number of pen lifts, the pressure exerted using the pen-tip and the ability to plan the graphic execution can possibly help explain the difficulties faced by individuals with ASD in creating a good graphic output. Though we had a limited sample size (12 pairs of participants), we believe that our results are promising given that we had a large Cohen’s d inferring a large effect size (Goulet-Pelletier and Cousineau, 2018). Using this Cohen’s d value, we computed the sample power strength employing the G*Power tool for post-hoc analysis. We found the sample power ~0.7 (on an average; thereby indicating nearly strong sample strength).

Though the results of our study are promising, yet our study had certain limitations. Currently, we had a limited sample size of 12 pairs of TD individuals and those with ASD and thus we do not intend to generalize our findings. In future, extended studies with large sample size can be conducted to generalize the differences in the use of the graphic tool and planning between individuals with ASD and their age-matched TD counterparts. Again, though our aim of this study was to understand differences in the attributes during shape drawing and not specifically across various shapes, yet our observations can be extended to the study of attributes corresponding to various shapes in future. In future, we plan to extend our study while including more basic shapes and shapes of objects (that one comes across in daily life). Again, our current study assessed one’s graphic ability in terms of some of the attributes related to the use of the graphic tool and those related to planning. Other attributes such as one’s visuo-motor integration capability, an essential component of graphic execution (Feder and Majnemer, 2007) has not been explored in our current study. This would need integration of our system with an eye tracker that we plan to do in future.

Notwithstanding the limitations, our current study has offered insights into the differences in the use of the graphic tool and planning ahead of graphic execution between individuals Autism and their TD counterparts. Such insights can be helpful in designing individualized intervention paradigms for children facing difficulties in graphic execution.
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