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Visual search is an area of extensive research. It is a task that involves searching the visual environment for a particular feature or object (target) amongst other objects or features (the distractors). It has been suggested that visual searches vary in their efficiency when target figures share similarities with distractors. This experiment was conducted to examine whether visual search difficulty increases when the target figures and the distractors share an increased number of similarities. This study looks at the noticeable differences between target and non-target figures and investigates the combined effect of two factors on visual search difficulty; the number of features shared between target and distractors and the similarities between them. The visual search task was carried out using six volunteers of varying demography. In all four tasks, each paper contained 100 items with 4 different figure types. Average participant target figure count times and variations in target figure count numbers were used to judge the efficiency of the visual search. The results of the experiment suggest some relationship between target similarities and increased visual search difficulty. The percentage of errors and target figure count times increased with target and distractor similarity.

Introduction

A number of competing theories of attention have come to dominate visual search discourse [START_REF] Buschman | Serial, Covert Shifts of Attention During Visual Search are Reflected by the Frontal Eye Fields and Correlated with Population Oscillations[END_REF]. Inefficient visual search has been noted when the target figure and the distractors share more than one single visual property [START_REF] Treisman | A Feature-Integration Theory of Attention[END_REF]. Orientation, curvature, size, vernier offset, shape, color, spatial frequency, line termination, intersection and scale are some of the basic searched for features in visual search [START_REF] Wolfe | Visual Search[END_REF]. Visual search is an everyday process for humans and is an important consideration in areas such as user interface and product design. On devices such as smartphones users are constantly searching for icons to perform tasks. Controls and navigation buttons using appropriate graphics and visuals assist the user in their interactions with the technology. Poor design can be an even greater issue for the visually impaired learner. The aim of this project is to assess whether visual search difficulty and target count time increases with target and distractor similarity. This study deals with the efficiency of selection and seeks to understand selection by investigating the reasons behind non-target rejection. By comparing different search conditions, fundamental aspects about the human visual system may be revealed [START_REF] Eckstein | Visual search: A retrospective[END_REF].

Method Participants

The six participants in this project were aged between 29 and 50. The participants were made up of three Thai nationals (all female) and three British nationals (all male). All three Thai nationals spoke a high level of English and clearly understood the given instructions. The subjects were aged 29, 33, 35, 42, 49, and 50. All six participants were in good health and did not suffer from any mental or physical disability or visual impairment (self-reported).

Visual Search Stimuli and Instruments

A set of 4 figure worksheets were used in this project. Each sheet was A4 size and contained a total of 100 figures arranged in a random pattern. Each individual paper contained 5 different figures, 4 target figures and 1 non-target distractor (see Table 1); these figures were approximately 6 mm 2 in size. The experiment was based on the worksheets included in the Workbook of Human Factors in Engineering and Design [START_REF] Sanders | Workbook of Human Factors in Engineering and Design[END_REF].

Table 1. Shows the target figures and distractor figures used in this study (based on: [START_REF] Sanders | Workbook of Human Factors in Engineering and Design[END_REF]. 

Procedure

The room used in this project was well lit, neutrally decorated and free from any audio or visual distractions. Each volunteer was welcomed to the room and informed about the nature and rules of the task. Only the researcher and participant were present in the room during the experiment. The volunteers were informed that the task could be cancelled at any time if they required and that the task would not cause physical or psychological harm. The volunteers were told to work as accurately and as fast as possible and that the sheets could not be marked in any way. The participants were shown the target figure before starting and informed of the scoring method. The participants were told to carefully check the target figure before starting. Each figure was worked on in numerical order and each target figure and task was worked on individually. The researcher entered the start time into the data collection sheet. The volunteers were informed when to start each task. All times were recorded to the nearest second. The participant informs the researcher that they had finished. The researcher stopped the time and the participant informed the researcher of the number of target symbols counted. At the end of the experiment, each participant was thanked for his or her participation. All data has been used anonymously. The participants were not shown their data collection sheet or the data collection sheets of the other respondents.

Results

The results from the experiments are presented in Tables 2 and3. The results show that notational symbols 1-4 took the longest to count. The fastest target count time was for the geometric forms 13-16. Target figure 15 shows the fastest average count time and target figure 2 shows the slowest average count time. Target figures 10 and 15 show no variations in the numbers counted by the participants. In contract, target figures 2 and 12 show wide variations in the numbers counted by the participants. 

Discussion

The purpose of this test was to ascertain whether target and non-target similarities affect visual search efficiency. Due to the size of the experiment, the discussion has been based on frequency and mean averages. The results show some clear differences between average target figure count times and average target figure count numbers. As mentioned, target figure (notational symbol) 2 produced the slowest overall average target count time and also produced a wide variation in target figures counted (between 14 and 34) by the participants (see Tables 2 and3). The results show that one of the participants counted as many as 34 target figures (see Table 3). This wide variation may be a result of the concept of just noticeable difference. Just noticeable difference (JND) describes the marginal difference in a stimulus (when compared to a similar stimulus) needed for that difference to be recognized [START_REF] Nagy | Critical Color Differences Determined with a Visual Search Task[END_REF][START_REF] Nietzel | Introduction to Clinical Psychology[END_REF]. The participant may have mistakenly counted a distractor figure alongside the target figure. Notational symbols 3 and 4 produced less variation in target figure count numbers and faster average count times when compared to target figures (notational symbols) 1 and 2 (see Tables 2 and3). Although visual features are shared with the other target (and non-target) figures it would appear that these two target figures are easier to distinguish. This may be due to the presence of additional basic visual features and may be an example of visual search asymmetry (Wolfe, 2001). In general, though the shared similarities of the non-target notational symbol and target notational symbols seem to have resulted in an inefficient or conjunction search. An inefficient search relies on previously stored knowledge to locate the target [START_REF] Gould | Visual Perception and Attention[END_REF].

The data shows wide variations in figure count numbers by the participants for target figure (typography capital E) 12 (see Table 3). This target figure shares some basic attributes with all four of the other figures. In particular, target 12 shares a number of similarities with target figure (typography capital E) 9 and is nearly identical to the non-target distractor with the only difference being that the non-target distractor possessed a shorter middle bar. This minor difference appears to have been completely missed by two of the participants in the experiment with one counting 43 target figures and another counting 45 target figures. The similarities between target 12, 9 and the non-target distractor, appear to have resulted in a wide count variation for target figure 12. These results would also suggest that this target figure is on the threshold of just noticeable difference [START_REF] Nagy | Critical Color Differences Determined with a Visual Search Task[END_REF].

Although target figures (typography capital E) 10 and 11 share similarities with the other typography E figures, the data shows a close agreement between the numbers of target figures counted by the participants (see Table 3). For target 11 five participants counted 15 targets and one participant counted 16. For target 10 all participants counted 23 targets. The average count times for target figures 10 and 11 were also faster than the other typography target figures (see Table 2). These results may be due to the 'pop out' effect. Psychological pop outs are visual objects that are the most obvious in a display thereby grabbing visual attention. The process of identifying pop outs is referred to as pre-attentive (parallel) processing. This is where the visual field is scanned for basic features such as color, contrast, line closure, line ends, contrast, tilt curvatures and size (Hunn, n.d;[START_REF] Treisman | Features and Objects in Visual Processing[END_REF]. There is consensus for pop out objects having basic features that are unique from objects in the same visual field. Both target 10 and 11 lack the serifs of the other target (non-target) figures. Target number 10 has a noticeably thicker upright (vertical bar) and is narrower than the other figures. Target number 11 has a noticeably longer middle bar. These differences may have aided visual identification during the visual search task [START_REF] Gould | Visual Perception and Attention[END_REF]Hunn, n.d). The opposite effect may have occurred for target figure 12. The similarities between target 12 and the non-target distractor figure may have made the target harder to identify as there was no pop out effect. Previous studies show little variation between reading times between serif and sans serif fonts. These studies though were not concerned with visual search tasks. In this task, the addition of the serif has not increased visual search efficiency [START_REF] Bernard | A Comparison of Popular Online Fonts: Which is Best and When?[END_REF][START_REF] De Lange | Helvetica in a Reading Task[END_REF].

The data for target figures (pictograms-park and recreation) 5-8 do not display any wide variations in the number of targets counted by the six participants (see Table 3). Although the pictograms share similarities such as background color, figure color and general shape similarities the differences appear to be above the threshold of just noticeable difference. The geometric shape of the pictograms background may have reduced the overall count time and made the target figures easier to distinguish [START_REF] Healey | Perceptions in Visualization[END_REF][START_REF] Mayer | Nine Ways to Reduce Cognitive Load in Multimedia Learning[END_REF]. The results suggest that familiar target figure 5, which can be seen on toilet doors all over the world, was no easier to find than the less familiar target figure 7 (see Table 2 andTable 3). Target figure 7 has more features than the other target figures. This may have increased search efficiency [START_REF] Shen | Visual Search Asymmetry: The Influence of Stimulus Familiarity and Low-Level Features[END_REF]Wolfe, 2001).

The results show notably faster average count times for the geometric target figures (see Table 2). The results also show no wide variations in the number of target figures counted (see Table 3). The six participants all counted 20 target figures for geometric form 15. This target figure shared only color as a feature with the other distractors. This target figure also shows the fastest average count time for all 16 target figures (see Table 2). These results would suggest that the target was much easier to find amongst the other targets. The lack of similarities with the other targets may have created a pop out effect. Geometric shapes are made up of regular patterns and are generally more easily recognizable. Signs are usually geometric and the majority of text humans read is set in rectangles or squares. The square 90 ° corners (also seen in targets 10 and 11) may have aided identification [START_REF] Bradley | The Meaning Of Shapes: Developing Visual Grammar, Retrieved from[END_REF].

Small variations in count numbers for geometric target 14 may be due to similarities with the non-target distractor (see figures A3 and A5). Geometric form 14 shares curvature with the oval non-target distractor. The results for geometric form 13 show some variation in target figure count numbers with four respondents counting 15 target figures and two counting 16 target figures (see Table A2). This target recorded the second fastest target count time of all of the sixteen figures. The triangular shape of this figure makes it visually quite different from the other figures. The speed of counting and geometric form 15's pop out effect may have resulted in the slight differences between count numbers. Factors such as target clustering and task lay out may also need considering [START_REF] Bradley | The Meaning Of Shapes: Developing Visual Grammar, Retrieved from[END_REF].

In general the geometric shapes share few similarities. Therefore, a more efficient feature search (also known as a disjunctive or an efficient search) may have been possible. Bottom up processing allows noticeable features to pop-out. Bottom up processing is thought to operate on raw sensory input and does not depend on the observer's knowledge of the target [START_REF] Gould | Visual Perception and Attention[END_REF].

As would be expected, reaction time is generally faster when the target is dissimilar to all other distractors. Triesman (1986) suggested that if a target possesses a unique feature the target may be found in parallel, with the visual system examining all items at once, increased similarities will result in a slower serial search. According to Ásgeirsson, (2010) previous searched for target attributes can also affect a visual search when the target attributes change. The change from searching for capital E's for example would affect the search for geometric shapes. Unmeasured variables such as mental fatigue and general tiredness of the participants could also affect visual search efficiency (Di Stasi, McCamy, Catena, Macknik, Cañas, Martinez-Conde, 2013).

Conclusion

In general, visual search efficiency depends on how easily a target can be distinguished from its distractors. The results of this experiment suggest that an increase in shared similarities between target and distractors will result in an increase in visual search difficulty. The results for this experiment also suggest some evidence for the concept of just noticeable difference, with two of the participants missing small differences between target figure and distractor. In general, geometric shapes were easier to count with these target figure shapes revealing faster average search times. The data suggests a pop-out effect, with certain target figures appearing to be easier to find than other target figures. Target figure familiarity doesn't appear to produce a more efficient visual search. The presence of a feature may increase search efficiency but this appears to depend on how the feature distinguishes itself from the surrounding distractors. In summary, there are many variables that can affect the results of a visual search test. The results suggest that greater visual differences between target and distractor will produce a more efficient visual search. The findings of this small-scale experiment would imply that care is required when designing user interfaces, Websites and products. Some limitations were placed on this study through the limited amount of collected data.

Table 2 .

 2 The fastest and slowest target figure count times (to the nearest second) and a mean average time from the six participants.

	Number Target Figure	Fastest	Slowest	Average
			Count Time	Count Time	Count Time
			(seconds)	(seconds)	(seconds)
	1	Notational Symbol	41	68	52.7
	2	Notational Symbol	50	77	62.3
	3	Notational Symbol	47	52	49.7
	4	Notational Symbol	41	57	48.5
	5	Pictogram Park and Recreation 38	42	39.7
	6	Pictogram Park and Recreation 29	54	42.7
	7	Pictogram Park and Recreation 32	44	36.5
	8	Pictogram Park and Recreation 41	54	46.3
	9	Typography Capital E	39	53	46.6
	10	Typography Capital E	30	51	41.7
	11	Typography Capital E	32	43	37.8
	12	Typography Capital E	38	56	48.3
	13	Geometric Forms	19	34	24.3
	14	Geometric Forms	21	32	27.5
	15	Geometric Forms	20	26	23.5
	16	Geometric Forms	25	38	30.0

Table 3 .

 3 The highest and lowest number of target figures counted and the mean average.

	Number Target Figure	Highest	Lowest	Average	Actual
			Number	Number	Number	Number of
			Counted	Counted	Counted	Figures
	1	Notational Symbol	27	21	23.3	23
	2	Notational Symbol	34	14	19.5	16
	3	Notational Symbol	20	18	21.7	24
	4	Notational Symbol	15	12	13.5	15
	5	Pictogram Park and Recreation 17	15	16.3	17
	6	Pictogram Park and Recreation 18	15	15.8	19
	7	Pictogram Park and Recreation 22	20	20.7	21
	8	Pictogram Park and Recreation 26	23	24.7	26
	9	Typography Capital E	14	10	11.8	15
	10	Typography Capital E	23	23	23	23
	11	Typography Capital E	16	15	15.2	17
	12	Typography Capital E	45	18	30.5	18
	13	Geometric Forms	16	15	15.3	16
	14	Geometric Forms	21	19	19.5	20
	15	Geometric Forms	20	20	20	20
	16	Geometric Forms	22	20	21.3	22