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Útdráttur 

Talið er að skammtímaminni sjónar hafi minnisrýmd fyrir allt að fjóra til fimm hluti, óháð 

samsetningu þeirra, en flókin samsetning skili sér í minni nákvæmni (Alvarez & Cavanagh, 

2004; Luck & Vogel, 1997). Aðrir halda því fram að minnisrýmd skammtímaminnis sjónar sé 

minni en fjórir hlutir og að minnisrýmdin sé hærri fyrir einfalda hluti heldur en hluti með 

flóknari samsetningu (Xu & Chun, 2006). Gerðar hafa verið margar rannsóknir á sjónminni 

(sjá til dæmis, Luck & Vogel 1997; Alvarez & Cavanagh, 2004; Baddeley & Hitch, 1974) 

með miklum árangri, en þrátt fyrir framlag þeirra er þó mörgum spurningum enn ósvarað. 

Markmið rannsóknarinnar var að rannsaka hvort áhrifaríkara væri að nota lita- eða 

staðsetningarvísbendi til að endurheimta upplýsingar úr skammtímaminni sjónar. Til að 

kanna þetta voru gerðar fimm tilraunir. Í tilraununum voru notuð tvö vísbendi, lita- og 

staðsetningarvísbendi, nema í Tilraun 2 og 3 þar sem táknvísbendi var bætt við. Í Tilraun 1, 3, 

og 5, voru þátttakendur beðnir um að skýra frá halla markáreitis. Í Tilraun 2 og 4 voru 

þátttakendur beðnir um að skýra frá bókstöfum eða tölustöfum.  



 ii
  
 

 
 

Abstract 

Visual short-term memory is believed to have a capacity for up to four to five objects, 

regardless of their combination, but the complexity of the combination results in lower 

precision (Alvarez & Cavanagh, 2004; Luck & Vogel, 1997). Others argue that the capacity 

of visual short-term memory was less than four objects, and that the capacity was higher for 

simple feature objects than for complex feature objects (Xu & Chun, 2006). Many studies 

have been done concerning visual short-term memory (see, e.g., Luck & Vogel 1997; Alvarez 

& Cavanagh, 2004; Baddeley & Hitch, 1974) with great success, but despite their attribution 

there are still some questions unanswered. The main goal of this study was to test whether a 

color- or location-based probing was a more efficient way to retrieve information from visual 

short-term memory. This was tested through five experiments. In the experiments, two cueing 

conditions were used: color and spatial cueing, except in Experiment 2 and 3 where a 

symbolic cue was added. In Experiment 1, 3, and 5, participants reported the orientation of 

the target bar. In Experiment 2 and 4, participants reported target letters integers. 

Keywords: working memory • visual working memory • visual short-term memory • 

                   chunking • retro-cue  
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Probing Visual Short-term Memory 

Memory has been extensively studied since the formation of psychology as a science, 

here we will briefly introduce the history of memory studies. It is almost impossible to talk 

about memory without mentioning Atkinson and Shiffrin (1968), Baddeley and Hitch (1974), 

and others who have made their contribution regarding memory and visual processing. 

Atkinson and Shiffrin (1968) constructed a memory model in which they divided 

memory into three separate memory storages: a sensory register, a short-term store, and a 

long-term store. Information enters through the sensory register and is lost if not attended to. 

Attended information proceeds to the short-term store, and the longer the information is 

attended to, the stronger of a memory trace it will leave in the long-term store. The same 

happens to information in the short-term store as in the sensory register, if the information is 

left unattended, it gets lost within 30 seconds or less. However, if the information is 

rehearsed, the time duration increases and enables a limited amount of information to be 

maintained in the short-term store for a longer period when needed. The long-term store 

permanently stores information that gets transferred from the short-term store, making the 

information available for recall when needed. Note that Atkinson and Shiffrin (1968) 

considered the short-term store to be the subjects’ working memory that processes all 

information. 

Baddeley and Hitch (1974) studied verbal reasoning, language comprehension and 

free recall of unrelated words. Their findings suggested impairment in recall performance 

when the memory load was six objects, while memory load of three objects had little to no 

effect. Baddeley and Hitch (1974) thought that the Atkinson and Shiffrin (1968) modal model 

of memory was too simple. They suggested that the working memory had a limited capacity 

that could be divided into storage and control processing. They proposed that encoding of 

verbal and visual information was done separately. In their working memory model, the 

working memory was divided into two separate short-term storages: the phonological loop 

and the visuospatial sketchpad. The two memory stores were subsystems of a central 

executive, which was the control system for the working memory (Baddeley & Hitch, 1974). 

According to the results from research conducted by Baddeley and Hitch (1974), processing 

of visual tasks interfered very little with the processing of phonological tasks and vice versa, 

indicating that the subsystems were independent of each other. 

Sperling (1960) used the term image to describe sensation, impression, perception, 

and response, and any combination of these concepts. Neisser (1967) introduced a new term 
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for the transient visual memory instead of Sperling’s term image, which Neisser thought was 

too broad and had too many different meanings in the literature. To avoid confusion, he 

introduced the term iconic memory, which was described as a memory store with a large 

capacity for a brief duration of time (Neisser, 1967; Sperling, 1960). 

Immediate memory tested with a whole and partial report 

Sperling (1960) wondered about the availability of information in memory and 

whether information could be held for hours, or if the information retention was limited to 

seconds or even a fraction of a second. He pointed out that we see more than we remember, if 

the stimulus is not eye-catching then the visual information about the object will not get 

stored in working memory (Sperling, 1960; also known as immediate or short-term memory; 

Cowan 2015; Miller, 1955). Sperling (1960) decided to work with letters because of their 

combination and due to the significant amount of information held by each letter. He tested 

how many letters could be stored in immediate memory and for how long they could be kept. 

He tested how many letters the subjects could report when presented with up to 12 letters and 

attempted to determine why there was a limitation to the recollection of objects stored in 

memory. He experimented with different combinations of the letters, for example, rows of 3, 

4, 5, 6, or 7 letters and combinations of rows of two or more columns where the letters 

combinations varied across experiments. In addition, there were also combinations of two 

letters and two numbers arranged in a row of four symbols. In Sperling’s (1960) experiments 

the stimulus was shown simultaneously for a short period of time and the subjects were asked 

to either do a whole report, where they recalled as many letters or numbers they could 

remember, or a partial report, where they were instructed to recall a certain part of the letters 

or numbers. His findings were that the immediate memory span for whole reports was on 

average four to five letters. Partial reports were more accurate than whole reports up to the 

first second after the extinction of the stimuli and then they got closer to the results of the 

whole report conditions. Sperling (1960) argued that the accuracy of the partial report was 

not because of the sequence of the array or the location of the letters. To explain this 

phenomenon, he argued that it appeared because of the subjects’ ability to maintain a 

readable visual picture for a fraction of a second after the extinction of the visual display. 

Working memory and visual short-term memory 

Visual short-term memory (VSTM) has been described as a memory for visual 

information stored for a brief amount of time before being processed (Xu, 2002). In a study 
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by Xu and Chun (2006), there was some evidence that the capacity of VSTM was less than 

four objects, and that the capacity was higher for simple feature objects than for complex 

feature objects. They concluded that VSTM reached the maximum capacity at three objects 

with simple features, and only one and a half object with complex features. When referring to 

simple feature objects, Xu and Chun (2006) described them as elongated shaped objects with 

a presence or absence of a hole in the shape, while complex feature objects were the same as 

simple features but with an addition of a different shape outline. 

Vogel, Woodman, and Luck (2001) believed that Sperling’s (1960) conclusion was 

not an accurate measurement of the visual part of working memory. They argued that the 

stimulus Sperling (1960) used, which were letters, were not only coded into memory visually 

but also verbally and therefore the result reflected an intertwined ability of those two 

subgroups of memory. In addition, they pointed out that Sperling (1960) made his subjects 

write down their answers which further boosted the notion that the stimulus was encoded into 

verbal memory. Another remark made by Vogel et al. (2001) was that numerical digits used 

in Sperling’s (1960) experiment might have been too complicated, since each numeral was an 

elaborate set of lines (Vogel, Woodman & Luck, 2001; Sperling, 1960). Evidently, further 

research was needed on storage capacity for VSTM when the stimuli had either many 

features (e.g., color and different orientation) or when the stimuli only had one feature (e.g., 

one color). To explore this, Luck and Vogel (1997) conducted a change detection task, where 

a sample array of 1 to 12 colored squares was presented for 100 ms, followed by a 900 ms 

delay before displaying the test array for 2000 ms. Subjects were instructed to report whether 

the sample array was identical to the test array or not. Subjects’ performance was almost 

perfect for arrays that contained 1 to 3 objects, but started to decrease when the array set size 

was 4 to 12 objects. From these results, they estimated that the capacity of working memory 

was around three to four objects (Luck & Vogel, 1997; Vogel, Woodman & Luck, 2001). To 

rule out that verbal working memory was interfering with the capacity for visual working 

memory (VWM), a verbal memory load was added to the test. At the beginning of the block, 

half of the subjects were instructed to maintain two-digit numbers in memory and at the end 

of the block, they were supposed to report what those numbers were. 

Luck and Vogel (1997) concluded that verbal visual memory was not interfering with 

the capacity of VWM. They also increased the duration of the stimulus to make sure that the 

limitation of capacity in the VWM was not due to the presentation of the stimuli being too 

short. By increasing the duration, the subject was getting enough time to perceive the object 
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and encode it, which would result in improved performance if the reason for this capacity 

limitation was due to too short duration. However, this was not the case, subjects’ 

performance did not improve significantly which confirmed even further that the capacity of 

VWM was limited to three to four objects (Luck & Vogel, 1997; Vogel, Woodman & Luck, 

2001). They also tested whether there was a difference in capacity for different features. The 

target stimuli were 4, 8, or 12 bars which varied both in color and orientation. The subjects 

were told to either report a change in color or the orientation of the object. This too gave the 

same results as the other studies; VWM capacity was limited to three to four objects. Their 

findings from these rows of studies were that VWM appeared to not only hold information 

about single object feature (e.g., one color or orientation) but it could possibly maintain 

information about both the color and the position of up to four objects. These results 

indicated that the capacity of the VWM regards the object as a whole when stored in 

memory, rather than their separate individual features, regardless of the combination of the 

object’s features (Luck & Vogel, 1997; Vogel, Woodman & Luck, 2001). 

Alvarez and Cavanagh (2004) were not convinced about the aforementioned 

conclusions from the study by Luck and Vogel (1997), where the capacity of VWM was 

determined by the number of objects stored in memory regardless of the complexity of their 

features. Therefore, Alvarez and Cavanagh (2004) decided to reexamine whether the number 

of objects features affected memory capacity and VSTM limitations to what could be stored. 

Their definition of visual information was a referral to the features held by an object when 

encoded and stored in memory. Therefore, a visual detail about an object would simply be the 

sum of visual information that could be stored in memory for each object. In their study, they 

examined five different stimulus classes: colors, polygons, Chinese characters, shaded cubes, 

and letters (Alvarez & Cavanagh, 2004). They assumed that the processing rate would 

decrease when encoding an object that contained more complex features than those 

containing simple features. Their findings suggested that there was a limitation to the 

capacity of memory storage in VSTM when considering the number of objects and the 

complexity of their features. They also tested if the duration was sufficient to encode objects 

with more complex features, and discovered that all information needed for an object could 

be stored in short-term memory in less than 500 ms, even for objects with complex features 

(Alvarez & Cavanagh, 2004). The results revealed that the capacity of VSTM storage was 

limited to four to five objects. However, this amount applied only to objects with the simplest 

features possible. The capacity of the memory did not grow for any type of stimulus class. 
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According to their results, both information about an object and the total number of objects 

limited the capacity of VSTM (Alvarez & Cavanagh, 2004). 

To summarize, for years researchers have been studying memory storages, memory 

capacity and how various cueing methods and manipulations affect the memory processes. 

Luck and Vogel (1997) argued that VWM was not affected by the number of features 

presented in each object; that objects were stored in memory as a whole and not by their 

individual features. This led them to the conclusion that VWM had a limited capacity of three 

to four objects (Luck & Vogel, 1997; Vogel, Woodman & Luck, 2001). However, Alvarez 

and Cavanagh (2004) were skeptical about their notion of the capacity limit in VWM. They 

assumed that the processing rate would decrease when encoding integrated objects in 

comparison to objects made from simple features. Their findings suggested that there was a 

limitation to the capacity in VSTM considering the number of objects stored and the 

complexity of the object’s features. According to their results, the capacity of VSTM storage 

for objects with the simplest features possible was limited to four to five objects. Thus, that 

information carried about an object and the total of objects does restrict the capacity of 

VSTM (Alvarez & Cavanagh, 2004). 

Pre-cue and retro-cue 

Pre-cues have been identified as cues that are displayed before the memory array, 

while retro-cues are displayed at the end of memory arrays presentation (Griffin & Nobre, 

2003). Retro-cues guide the subjects’ attention to a specific representation (Souza & 

Oberauer, 2016). 

Li and Saiki (2015) did a study where they compared feature- and location-based 

attention in coherence to VWM, more precisely they compared the two during VWM 

encoding and maintenance by analyzing the interactions between cue type and cue duration. 

In their experiment, they had both pre- and retro-cue conditions in separate blocks. They used 

a color cue that appeared as a colored disc and a location cue that consisted of an arrow that 

appeared in the middle of the display pointing to the target stimuli, either before the sample 

array (pre-cue) or after the sample array (retro-cue). The cue types appeared in separate 

blocks so each block only contained one cueing condition (Li & Saiki, 2015). 

Li and Saiki’s (2015) findings were that color pre-cue had a greater effect than color retro-

cue, but location cue showed a tantamount effect in pre- and retro-cue conditions. 

Furthermore, their findings were that the color pre-cue had a greater effect than location cue, 

suggesting color-based selection in attention processes. As for the retro-cue conditions, color 
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cue had a significantly lower effect than location cue. Li and Saiki (2015) attributed this to a 

reflection of the structural properties of the VWM representations. 

Ye, Hu, Ristaniemi, Gendron, and Liu (2016) did a study on retro-dimension-cue 

condition with a recall task. The sample array used in the experiment consisted of three 

colored bars that appeared for 500 ms followed by a delay for 500 ms and then a presentation 

of a retro-cue which consisted of random cue, color cue or orientation cue for 400 ms and a 

1300 ms delay before reporting the target with either a color wheel or a white rotation bar in 

the center of the screen. The retro-cue was either used in valid conditions, that consisted of 

color or orientation cue, or neutral trials (random), that consisted of randomly selected color 

or orientation cue. The absolute value of deviation for both color and orientation report was 

significantly lower for valid conditions (color or orientation) than for neutral (random) 

conditions. Furthermore, they found that the subjects were able to use internal attention to 

malleably assign their attentional resources to a specific dimension of VWM (Ye et al., 

2016). 

Niklaus, Nobre, and van Ede (2017) conducted experiments with pre-cues in the form 

of colored arrows, with a short delay before presenting the cues. They speculated that the 

feature-based attention, which describes the attention directed towards feature values (e.g., 

blue) or its dimensions (e.g., color), independent of their spatial location (Niklaus, Nobre & 

van Ede, 2017; Maunsell & Treue, 2006; Kumada, 2001), could interfere significantly with 

the representation of an object in VWM. Furthermore, they also speculated whether retro-

cues for feature-based attention tasks would increase or decrease the representation of 

features based on their relevance, within objects that presented multiple features in VWM 

processing (Niklaus, Nobre & van Ede, 2017). Subjects were instructed to rotate a color or 

orientation wheel to match the target, indicated by the cue. The retro-cue instructed the 

participants to report to: color, orientation, or both. When the cue word “both” appeared 

(neutral valid cues) there was an equal chance that the arrow would be probed with either 

color or orientation dimension. In the first experiment, target stimuli were presented for 500 

ms with a 750 ms delay before the presentation of a retro-cue, displayed in the center of the 

screen for 300 ms. Performance was measured as the absolute error in degrees between the 

correct value and the reported value (Niklaus, Nobre & van Ede, 2017). 

Results from the first experiment showed better performance when subjects reported 

the orientation of the arrow rather than the color. In the second experiment, they expected 

that directing attention towards the same dimension, color or orientation, would increase the 
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retro-cue benefit. Two types of retro-cues were used; same and different cues. The target 

stimuli were two arrows presented to the left or right of a fixation cross. In the same-cueing 

condition, the target arrow was probed with a retro-cue, i.e. the retro-cue was presented as “A 

+ A” (angle) or “C + C” (color), which informed participants whether they were to respond to 

the orientation or the color of the probed target. In the different-cue condition, the target 

arrow was probed with retro-cue, i.e. the retro-cue was presented as “A + C” (angle/color) or 

“C + A” (color/angle), which informed participants that one arrow was probed with color and 

the other one with angle but gave no information about which probe participants should 

respond to. In comparison to neutral retro-cue, both same retro-cue and different retro-cue 

showed a performance benefit. As expected, same retro-cues were associated with a larger 

benefit than different retro-cues. Results showed better performance when subjects reported 

orientation rather than reporting color with no interaction between cue type and dimension. 

Summing up their findings, there was an indication that performance benefit was higher when 

attention was directed at objects with the same feature dimension than for objects with 

different feature dimensions in VWM (Niklaus, Nobre & van Ede, 2017). In conclusion, they 

managed to demonstrate that continuous feature-based-attention is operating on 

representations in VWM and retro-cues are associated with a benefit in performance when 

the directed cues were the same dimension as the cued object. 

Schneegans and Bays (2017) studied feature binding in VWM, using a cued recall 

task when testing for color-location binding in memory. The target stimuli were randomly 

colored and oriented bars which were randomly located on an invisible circle. At the 

beginning of the experiment, a white fixation cross was presented before a sample array with 

six colored bars was displayed for 2000 ms, followed by a 1000 ms presentation of blank 

display and then the cue. They chose to have a 2000 ms presentation to reduce the chances of 

poorer encoding and therefore affecting the performance when recalling the sample array due 

to too short presentation time. Schneegans and Bays (2017) used two cues in the experiment, 

an orientation cue and a color cue. In the orientation cue condition, a white bar appeared in 

the center of the screen and the subject reported, both the color and the location of the probed 

bar as the cue indicated. In the color cue condition, a colored dot appeared in the center of the 

screen and the subject reported both the orientation and the location of the probed bar as the 

cue indicated. Error distribution for location showed lower standard deviation for both 

orientation and color cue conditions than it did for non-spatial conditions. In both conditions, 

when reporting location, standard deviation for a bar probed with color was lower than when 
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probed with orientation, suggesting that color cue would result in greater efficiency when 

reporting the location of a certain target. For all conditions the data showed a noticeable 

central tendency in the error distribution, which indicated that participants were reporting 

non-target instead of the target. Overall, they presented a valid proof for a spatial-binding 

mechanism in a cued recall task using both spatial and non-spatial cues, in which color and 

orientation of each object were individually bound to a location and only connected through 

their shared location (Schneegans & Bays, 2017). 

Masking 

Masks have been used extensively in research on visual processing. A presentation of 

masks after displaying a visual target stimulus can impair the identification of the target 

stimuli (Coltheart & Arthur, 1972). Appearance of a mask right after the presentation of the 

target stimuli is the most efficient way to reduce the visibility of the target stimuli (Enns & Di 

Lollo, 2000). While there are different subgroups of masking, we are interested in pattern 

masks, which are defined as pattern stimulus that interferes with the same visual field as the 

target stimuli (Coltheart & Arthur, 1972). 

Vogel, Woodman, and Luck (2006) used pattern masks to disrupt processing in a 

change detection task and then measured the magnitude of information that had reached 

working memory after a varied time periods of uninterrupted processing. Their findings 

showed that when the memory array was rather small, it required less continuous processing 

time than memory arrays that were larger, signifying that the capacity of consolidation is 

limited. Furthermore, they concluded that the pattern masks they used, seemed to selectively 

interrupt the consolidation process rather than sensory and decision processes (Vogel, 

Woodman & Luck, 2006). 

The aim of the study 

The current study is based on the results from both Schneegans and Bays’s 

experiment and Niklaus, Nobre, and van Ede’s experiment. Schneegans and Bays (2017) 

conducted an experiment using cued recall, testing for color-location binding in memory. The 

target were randomly colored and oriented bars that were randomly located on an invisible 

circle around a fixation cross in the center of the screen. In the color cue condition, 

participants were to report the orientation and the location, matching the target, indicated by 

the color cue. In the orientation cue condition, participants were to report the color and 

location, matching the target, indicated by the orientation cue. The results suggested that 
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color cues are more useful than directional cues for reporting the location of a target 

(Schneegans & Bays, 2017). Similar experiment was conducted by Niklaus, Nobre, and van 

Ede (2017), except they used word retro-cues to indicate which cueing condition participants 

were to report. The results from their experiment was better performance when subjects 

reported the orientation rather than the color of the target (Niklaus, Nobre & van Ede, 2017). 

The aim of the present study was to test whether a color- or location-based probing 

was a more efficient way to retrieve visual information from VSTM. In this study, we present 

the results of five experiments, conducted to assess the difference between a spatial and color 

cue, and how various cueing conditions can affect the retrieval of visual information about a 

target stimulus from VSTM. In the experiments we used mainly two cueing conditions, 

spatial and color, with an addition of a symbolic cue for Experiments 2 and 3. 

Experiment 1 consisted of three randomly colored target bars, oriented from -88° to 

+90°. A wireframe bar was oriented to match the target, indicated by the cue. Responses were 

on a continuous response scale, measured as absolute error from zero. Experiment 2 consisted 

of four randomly colored target letters from the English alphabet. Responses were binary: 

correct/incorrect. Experiment 3 was similar to Experiment 1, except the target stimuli were 

three colored bar which oriented from -20° to -70° and from +20° to +70°. The target bars 

were measured as binary responses: left/right, where participants were instructed to report 

whether the top half of the bar was oriented to the left or right. Experiment 4 consisted of 

consonant letters and numbers ranging from 0 to 9. Responses were binary: correct/incorrect. 

Experiment 5 was identical to Experiment 1, except the blocks were continuous and mixed 

with both spatial and color cue. 

Experiment 1 

The target stimuli in Experiment 1 were three oriented bars. The target bars were 

colored in red, green, and blue. The experiment started with six black blank circular apertures 

on an invisible circle around a white fixation cross in the center of a grey background screen. 

The target bars were displayed for 105 ms in three out of six positions, keeping the other 

three blank. Following the target stimuli, either spatial or color cue appeared on the display. 

Participants were instructed to rotate a wireframe bar to match the orientation of the target, 

indicated by the cue. The dependent variable was a measure of response precision, measured 

in absolute deviation from target orientation, depending on whether the cue referred to the 

color or spatial location of the target stimuli. 
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Method 

Participants. Fourteen participants (nine female) participated in the experiment. 

Thirteen were right-handed. All participants reported normal color vision and normal or 

corrected-to-normal vision. Participants signed a consent form before participating in the 

experiment and were informed of their rights according to the Declaration of Helsinki. 

Experiments were approved by the National Bioethics Committee (VSN-17-155). 

Participants did not receive payment for the participation. 

Stimuli and apparatus. The experiment was conducted in a laboratory at the 

University of Akureyri. The target stimuli were presented on a 16“, 85-Hz CRT monitor 

controlled by a 3.3-GHz ASUS computer running Windows 10. Reponses were collected on a 

regular QWERTY-keyboard. The screen resolution was set to 1024 by 768 pixels. Stimulus 

presentation and response collection was done using the Psychophysics toolbox (Brainard, 

1997; Pelli, 1997) for MATLAB®. All analyses were conducted in RStudio (version 1.1.383; 

RStudio Team, 2016; R Core Team, 2016), using significance level α = .05. 

The target stimuli were bars oriented from -88° to +90°. Bar height was 2.2° of visual 

angle. The target bars and masks were randomly colored in red (r = 255, g = 43, b = 44), 

green (r =24, g = 95, b = 24), and blue (r = 61, g = 61, b = 246) on each trial. The target 

bars were randomly oriented in each trial. The target stimuli were presented in three out of 

six available positions on blank circular apertures, 3.5° of visual angle, on an invisible circle 

with a radius of 4.5°, measured from the center of the fixation cross, 0.4° of visual angle, to 

the center of a given black aperture. The masks, 2.4° of visual angle, were made from random 

patterns of the same color as the target stimuli. Viewing distance was approximately 700 mm. 

In the spatial cueing condition, a wireframe bar, of the same size as the target stimuli, 

appeared in the center of the screen with a cue that was a single black aperture, which 

remained on the display following the disappearance of the masks. In the color cueing 

condition, the cue was a colored disc, 0.4° of visual angle, positioned inside a wireframe bar 

in the center of the screen. 

Participants adjusted the wireframe bar to match their memory of the probed target stimuli by 

using the keyboard (see Figure 1). 

Procedure and design. The experiment was conducted in a small room with one 

window. Window was closed to minimize the outside noise and was covered with Roman 

shades to prevent excess light. Participants read the task instructions before the experiment 

started. Participants were told that the experiment was quite difficult and sometimes they 
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would not be able to identify the orientation of the target stimuli and in that case, they should 

guess the most likely answer (forced-choice). After reading the instructions they were offered 

further explanations about the experiment if anything was unclear. The experiment consisted 

of four blocks, each with one cueing condition: spatial or color. The order of the blocks was 

counterbalanced so that half of the participants started with the spatial cue and the other half 

with color cue. If practice trial ended with spatial cue, the first block in the experimental trial 

began with spatial cue. Only one cueing condition, spatial or color, was presented in each 

block. Participants completed 2 blocks of 12 practice trials, one for each type of cue, before 

completing 4 blocks of 90 trials each, totaling of 360 trials. In each trial, the participant had 

to press spacebar for the next trial to begin.  

The target stimuli were presented in three out of six available stimulus positions on 

blank circular apertures. The target stimuli were presented for 105 ms, followed by a display 

of six black blank apertures for 235 ms which were then covered with masks for 200 ms 

before a presentation of a wireframe bar, located in the center of the screen, and either a 

spatial cue or color cue that indicated how participant should orient the wireframe bar. In the 

spatial cue condition, the cue was a single black aperture which remained on the display 

following the disappearance of the masks. The spatial cue was randomly positioned in any of 

the six available positions of the invisible circle. A wireframe bar was presented in the center 

of the screen which participants were instructed to rotate to match the orientation of the 

target, indicated by the spatial cue. In the color cue condition, a small colored disc appeared 

inside a wireframe bar, which participants were instructed to rotate to match the orientation 

of the target, indicated by the color cue. The wireframe bar was located in the center of the 

screen and had a random orientation in each trial to prevent systematic guessing when 

participants did not know the orientation of the target stimuli. Right handed participants used 

the numbers “7” and “9” for coarse adjustment of the wireframe bar, and “4” and “6” for 

finer adjustments. When participants were satisfied with their response they pressed “5” to 

confirm their response. Left handed participants used “U” and “O” for coarse adjustment of 

the wireframe bar, and “J” and “L” for finer adjustments. When participants were satisfied 

with their response they pressed “K” to confirm their response. The next trial began after the 

participant responded with a keypress. In between blocks the researcher explained the cue 

difference for the next block. 
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Figure 1. Experiment 1. (1) Six blank apertures were presented with a white fixation cross in the 
center, then (2) stimuli were presented for 105 ms. (3) Blank apertures appeared for 235 ms, (4) 
followed by masks for 200 ms. When masks disappeared, (5) a wireframe bar appeared at the center 
and a spatial cue or (6) color cue was presented and terminated by a respondent keypress. 

Results 

Data was lost from two blocks, 90 trials each, for two participants due to a technical 

error. Data from extreme outliers, defined as response time greater than +3 standard 

deviations of each individual participants’ mean response, was discarded, resulting in 0.8% 

data loss. 

The results are shown in Figure 2. To test if there was a difference between the 

deviation of response orientation and presented orientation, measured as absolute error from 

zero, between the spatial cue (M = 24.39) and the color cue (M = 20.83), a paired t-test was 

performed. The test revealed a significant difference between the spatial cue and the color 

cue, t(13) = 4.12, p = .001. 
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Figure 2. Results from Experiment 1. 

Discussion 

Participants’ performance was significantly better when the information about the 

target stimuli were probed with a color cue than with a spatial cue. This indicated that 

information about color probed objects was better stored, or connected to the stimuli, rather 

than information about its spatial location. In this experiment, the target stimuli were 

measured on a continuous response scale. To achieve the best performance in such a task, it 

was important to keep relatively detailed information about the encoded target stimuli in 

VSTM. All targets had to be available in memory until the presentation of the cue to obtain 

the maximum performance. 

The question that arose from this experiment was whether this would happen when 

categorical stimuli, letters, were processed in VSTM. Would spatial location be represented 

worse than color when presented with categorical stimuli? 

Experiment 2 was designed to answer that question. 

Experiment 2 

Results from Experiment 1, showed that retrieval from VSTM was better for objects 

probed with color cue than with spatial cue. This suggests that color was better represented in 

VSTM as a property of the stimuli than spatial location. Experiment 2 was conducted to 

examine whether the same was true for overlearned categorical stimuli: letters. Our approach 

was to test whether the identity of the target stimuli would be retrieved more effectively when 
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probed by color, rather than target location. Two spatial cues were used to test if the 

presentation of the spatial location would have an affect or not. 

We aimed to test whether a color cue would prove superior to a spatial cue for the 

retrieval of information from VSTM, when the target stimuli required categorical 

identification, rather than precision coding of orientation. The dependent variable in this 

experiment was binary responses: correct/incorrect. The target stimuli were categorical and 

only distinguishable by color. 

Method 

Participants. Twelve participants (eight female), aged 19-37 years old (Mage = 27.58, 

SD = 4.56), participated in the experiment. Nine were right-handed. All participants reported 

normal color vision and normal or corrected-to-normal vision. Participants signed a consent 

form before participation. Participants did not receive payment for the participation. 

Stimuli and apparatus. The stimuli and apparatus were identical to those in 

Experiment 1, with the following exceptions. The target stimuli were 26 uppercase characters 

from the English alphabet. Character height was 2.0° of visual angle, and the font was Arial 

Bold. The target and masks were randomly colored in red (r = 255, g = 43, b = 44), green (r 

= 24, g = 95, b = 24), blue (r = 61, g = 61, b = 246), and yellow (r = 120, g = 120, b = 20) 

in each trial. 

The target stimuli were presented in four out of six available stimulus positions on an 

invisible circle around a white fixation cross in the center of the screen, in which each of the 

four characters were unique. In the color cueing condition, the cue was a colored disc, 0.4° of 

visual angle, with black outlines, resulting in 0.6° of visual angle for the whole disc. In 

addition to the color and spatial cues, a symbolic cue was added. The symbolic cue was a 

small bar, 0.7° of visual angle, pointing towards the cued location (see Figure 3). 

Procedure and design. The experimental procedures were identical to that of 

Experiment 1, with the following exceptions. The experiment consisted of three blocks of 90 

trials with one cueing condition: spatial, color, or symbolic, in each block. The order of the 

blocks was counterbalanced so that each possible sequence of the 3 conditions was performed 

by two participants. Participants completed 12 practice trials in 3 practice blocks, 36 practice 

trials for the entire experiment, before completing a single block of 90 trials, totaling 270 

trials. 
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The target stimuli were presented for 153 ms, followed by a 188 ms presentation of 

the blank apertures which were then covered with masks for 200 ms before a presentation of 

spatial cue, color cue, or symbolic cue and was terminated by a respondent keypress. In the 

spatial cue condition, participants were instructed to report the target, matching the location, 

indicated by the spatial cue. In the color cue condition, a small colored disc appeared in the 

center of the screen and participants were instructed to report the target, matching the color, 

indicated by the color cue. In the symbolic cue condition, a small bar appeared, pointing in 

the direction of the targets location and participants were instructed to report the target, 

matching the location, indicated by the symbolic cue. 

 

Figure 3. Experiment 2. (1) Six blank apertures were presented with a white fixation cross in the 
center, then (2) stimuli were presented for 153 ms. (3) Blank apertures appeared for 188 ms, (4) 
followed by masks for 200 ms. When masks disappeared, (5) a spatial cue, (6) symbolic cue, or (7) 
color cue was presented and terminated by a respondent keypress. 

Results 

Data from 27 trials in one block was lost for one participant, due to a technical error in 

the program. Data from extreme outliers, defined as response time greater than +3 standard 

deviations of each individual participants’ mean response, was discarded, resulting in 2.2% 

data loss. The results from Experiment 2 are shown in Figure 4. A repeated measures 

ANOVA on response accuracy revealed a significant difference between cue types, F(2, 22) = 

12.47, p < .001,  = .531.  
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In post hoc comparisons the difference in response accuracy between the mean of 

spatial cue (M = 0.530) and color cue (M = 0.456) was significant, t(11) = 2.747, p = .030, 

and between color cue (M = 0.456) and symbolic cue (M = 0.591), t(11) = -4.985, p < .001, 

but not between the spatial cue (M = 0.530) and symbolic cue (M = 0.591), t(11) = -2.238, p 

= .087. These results were not consistent with the results from Experiment 1. 

 
Figure 4. Results from Experiment 2. 

Discussion 

The results from Experiment 2 revealed that color cue was not the best method for 

retrieving information from VSTM for all stimulus classes, although it was better for 

retrieving information about the encoded target bar in Experiment 1. Results were not 

significant between the location cues, but both the spatial cue and the symbolic cue were 

significantly better than the color cue, which suggests that perhaps the color cue benefit was 

limited to certain response demands or stimulus classes. Therefore, it would be the usage of a 

particular cue for a stimulus class that would make the difference in retrieving information 

from VSTM and not just probing objects with either spatial cue or color cue. A plausible 

interpretation of the discrepancies between Experiment 1 and 2, is that participants used 

different strategies for encoding stimuli into VSTM. Importantly, in Experiment 2 

participants were presented with any of the 26 letters of the English alphabet. 
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A memory strategy used for encoding target stimuli into VSTM, also known as 

chunking, has been studied for years and in 1956, Miller’s paper: „The magical number 

seven, plus or minus two”, described how chunking could expand memory capacity. Miller 

(1956) considered seven numbers to be getting near the maximum number of what could be 

stored in memory. But what if chunking them together would make each unit as low as two 

units? Chunking the number together would therefore take just two or three slots in memory 

storage instead of seven. Miller did in fact take chunking into an account when considering 

the magical number stored in memory. Miller (1956) took an example of an experiment 

conducted by Sidney Smith in 1954 (see Miller, 1956), where Smith was able to remember 

12 octal digits by using recoding to chunk together two numbers, which by 12 octal digit 

chunks were worth 24 binary digits. These numbers could be enlarged by recoding more 

digits together by chunking (Miller, 1956). 

By this it is obvious that recoding and chunking information together is very useful 

when regarding large amount of information. Participants could therefore be using some form 

of chunking mechanism when encoding the target letter into VSTM. Thus, the stimulus 

material may lend itself to word formations, which would be chunked into verbal- rather than 

visual memory. Another possibility is that it is easier to bind spatial information to a 

categorical stimulus, contrary to a stimulus that requires precision encoding, such as the bars 

in Experiment 1. Experiment 3 was conducted to explore the latter. 

Experiment 3 

Experiment 3 was designed in a similar way as Experiment 1, except in this 

experiment the target stimuli were not measured on a continuous response scale but as binary 

responses: left/right. Therefore, the task did not demand the same precision in encoding of the 

stimuli as in Experiment 1. 

Participants were instructed to report with pressing the “left” or “right” arrows on the 

keyboard, depending on which direction the top half of the bar was oriented. Three types of 

cues were used; spatial, color, or symbolic. If the information about the target bar in 

Experiment 1 was encoded differently in VSTM than letters due to the stimulus class that the 

target bar belonged to, then the results from this experiment should be consistent with the 

results in Experiment 1. If the color cue benefit is dependent on a coarse categorical 

distinction, then the results should be similar to those of Experiment 2. 

 



 18
  
 

 
 

Method 

Participants. Participants were the same as in Experiment 2. 

Stimuli and apparatus. The experiment was conducted in the same laboratory as 

Experiment 2 and under the same experimental conditions. Apparatus and stimuli were the 

same as in Experiment 1, with the following exceptions. Responses were binary: left/right. 

Participants responded whether the top half of the bar was oriented to the left or right. A 

symbolic cue, identical to the symbolic cue in Experiment 2, was added to the experiment 

(see Figure 5). 

Procedure and design. The experimental procedures were identical to Experiment 2, 

with the following exceptions. The target stimuli were three bars, randomly oriented from  

-20° to -70° (left) or from +20° to +70° (right). Participants were to respond whether the top 

half of the bar was oriented to the left or right, participants responded with a “J” keypress for 

left and “L” keypress for right. The duration for the target stimuli, blank aperture display and 

masks were identical to those in Experiment 1. 

 

Figure 5. Experiment 3. (1) Six blank apertures were presented with a white fixation cross in the 
center, then (2) stimuli were presented for 105 ms. (3) Blank apertures appeared for 235 ms, (4) 
followed by masks for 200 ms. When masks disappeared, (5) a spatial cue, (6) symbolic cue, or (7) 
color cue was presented and terminated by a respondent keypress. 
  



 19
  
 

 
 

Results 

Data from one participant was discarded due to a misunderstanding about the 

procedure of the experiment. Data from extreme outliers, defined as response time greater 

than +3 standard deviations of each individual participants’ mean response, was discarded, 

resulting in 2.6% data loss. 

The results from eleven participants from Experiment 3 are shown in Figure 6. A 

repeated measures ANOVA on response accuracy revealed no significant difference between 

cue types, F(2, 20)  = 0.583, p = .567,  = .055. 

 
Figure 6. Results from Experiment 3. 

Discussion 

For Experiment 3, there was a chance that the symbolic cue could be interfering with 

the participants’ perception of the stimuli target because of the feature similarity. The results 

showed no significant difference between the cues, which indicates that the target bar in 

Experiment 1 was encoded differently in VSTM than the target letters in Experiment 2. 

Otherwise, the results from this experiment should have been the same as in Experiment 1. 

Regarding these results, it seems that part of the effect came from precision in measuring the 

responses, which was the difference between Experiment 1 and Experiment 3, and the rest 

seems to stem from the categorical class that represented the stimuli, overlearned category: 
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letters. What could be the possible explanation for this difference between Experiment 2 and 

Experiment 3? 

Both experiments had categorical responses, and were measured binary as correct or 

incorrect, but Experiment 2 was the only one with overlearned letters as target stimuli, which 

were relatively easy to distinguish. Perhaps the reason for why the spatial cue worked better 

in Experiment 2, was because participants were chunking the letters together into some form 

of a word and memorizing them in a certain order, related to the location of the letter and 

therefore encoding the location better, marking the spatial cue better? Consequently, in 

Experiment 4, we attempted to control for any potential effects of chunking. 

Experiment 4 

In Experiment 2 the target stimuli were letters from the English alphabet and the 

hypothesis was that when memorizing letters, chunking could be used for word formation. In 

Experiment 4 the target stimuli were only consonant letters which we assume would make it 

harder to chunk the letters together to make some form of a word, which should then result in 

lower response accuracy. We were also interested in testing whether adding numeric digits to 

the experiment would have any impact on the results. 

Method 

Participants. Twelve participants (10 female), aged 21-45 years old (Mage = 26.7, SD 

= 6.58), participated in the experiment. Ten were right-handed. All participants reported 

normal color vision and normal or corrected-to-normal vision. Participants signed a consent 

form before participation. Participants did not receive payment for the participation. 

Stimuli and apparatus. The target stimuli and apparatus were the same as in 

previous experiments, with the following exceptions. The target stimuli were presented on a 

17”, 85-Hz CRT monitor. The screen resolution was set to 1280 by 1024 pixels. The target 

stimuli were 20 uppercase consonant characters from the English alphabet (B, C, D, F, G, H, 

J, K, L, M, N, P, Q, R, S, T, V, W, X, Z) and a number stimulus ranging from 0 to 9. Letter 

and number height was 1.2° of visual angle, and the font was Arial Bold. The target stimuli 

were presented in four out of six available stimulus positions, on blank circular apertures, 3° 

of visual angle, on an invisible circle with a radius of 3.7°, measured from the center of the 

fixation cross, 0.2° of visual angle, to the center of a given aperture. The masks, 2.1° of visual 

angle, were made from random patterns of the same color as the target stimuli. Viewing 

distance was approximately 700 mm. In the spatial cueing condition, a single black aperture, 
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remained on the display following the disappearance of the masks. In the color cueing 

condition, the cue was a colored disc, 0.3° of visual angle, with black outlines, resulting in 

0.5° of visual angle for the whole disc, positioned in the center of the screen (see Figure 7). 

Procedure and design. The experimental procedures were identical to those in 

Experiment 2, with the following exceptions. The experiment consisted of four blocks of 90 

trials each, with one cueing condition: spatial or color, for each block of the target stimuli. 

The order of the blocks was counterbalanced with Latin squares. Participants completed 12 

practice trials in 4 practice blocks, 48 practice trials for the entire experiment, before 

completing a single block of 90 trials each, totaling 360 trials. The target stimuli were 

presented for 153 ms, followed by a 188 ms presentation of the blank apertures which were 

then covered with masks for 200 ms before a presentation of either a spatial cue or color cue 

and was terminated by a respondent keypress. This experiment consisted of both consonant 

letters and numbers. Participants responded to letter stimuli with consonant letters and to 

number stimuli with the numeric keypad. 

 

Figure 7. Experiment 4. (1) Six blank apertures were presented with a white fixation cross in the 
center, then either (2A) letter stimuli or (2B) number stimuli were presented for 153 ms. (3) Blank 
apertures appeared for 188 ms, (4) followed by masks for 200 ms. When masks disappeared, (5) a 
spatial cue or (6) color cue was presented and terminated by a respondent keypress. 
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Results 

Data from extreme outliers, defined as response time greater than +3 standard 

deviations of each individual participants’ mean response, was discarded, resulting in 1.67% 

data loss. The results are shown in Figure 8. 

A 2 by 2 repeated measures ANOVA within-subjects effects comparing experiments 

and effects of cue type on response accuracy revealed a main effect of experiments, F(1, 11) 

= 14.315, p = .003,  = .565, and cue type, F(1, 11) = 6.424, p = .028,  = .369, and 

interaction between the two factors, F(1, 11) = 10.665, p = .008,  = .492. In post hoc 

comparisons the mean difference in the response accuracy between the experiments was 

significant, t(11) = -3.784, p = .003, and between spatial cue and color cue, t(11) = 2.535, p = 

.028. 

Paired t-test was performed separately for letters and for numbers to test if there was a 

mean difference between the spatial cue (M = 0.525) and color cue (M = 0.491). In the letter 

stimuli task there was not a significant mean difference between the cues, t(11) = 0.906, p = 

.384, Cohen’s d = 0.262. In the number stimuli task there was a significant difference 

between the means of the spatial cue (M = 0.671) and color cue (M = 0.544), t(11) = 4.017, p 

= .002, Cohen’s d = 1.160. Although, the significance in the number task should be carefully 

interpreted due to the probability of random guessing, which was 1/10 in contrast to 1/20 in 

the letter task. 

 
Figure 8. Results from Experiment 4. 
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Comparison between Experiment 2 and Experiment 4. We noticed that even 

though there was not a significant difference between the means in the consonant letter task, 

the means for the spatial and color cue were similar to the means for spatial and color cue in 

Experiment 2. In Experiment 2, we assumed that participants were using a chunking 

mechanism for word formation when encoding the letters in VSTM, which would be assigned 

to the location of the letters, making location the superior probing method for letters. Our 

assumption was that it would be harder to use some form of a chunking mechanism when 

only using consonant letters. If this were the case, the means from Experiment 2 and 

Experiment 4 would be different from each other. 

The results are shown in Figure 9. To test whether there was a difference between 

these two experiments and the cueing conditions a 2 by 2 repeated measures ANOVA was 

performed. The repeated measures ANOVA was only applied to the spatial and color cue for 

the letters in Experiment 2 and 4. The repeated measures ANOVA revealed a main effect 

between the spatial cue and the color cue, F(1, 11) = 6.706, p = .025, but no main effect 

between experiments and no interaction between the two factors. In post hoc comparisons the 

difference in response accuracy between the spatial and color cue was significant, t(11) = 

2.590, p = .025. 

 

Figure 9. Results from comparison between experiment 2 and experiment 4. 
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Discussion 

We hypothesized that chunking the letters together to a word formation would be 

harder when considering target stimuli made from consonant letters. Adding numbers to the 

experiment was to test if adding another stimulus class to the experiment would make any 

difference. There was a significant difference between experiments and between the cue 

types. Spatial cue improved performance more than color cue when retrieving information 

from VSTM for number stimuli. 

Results from the comparison between Experiment 2 and the consonant letters in 

Experiment 4, showed no significant difference between the cue means and no interaction 

between the experiments and the cue type. Since there was no interaction between the 

experiments, chunking might not be the main reason for the significance between the means 

in Experiment 2, which resulted in the location being the better probing method for letters. If 

participants were using some form of a chunking mechanism to word formation in 

Experiment 2, there should have been a noticeable difference between the effects of cues in 

Experiment 2 and 4. It is possible that participants were using chunking as a memory 

mechanism for encoding the target letters in VSTM, although this mechanism might not have 

been as effective in retrieving information about the probed target as previously assumed. 

Another possibility is that our assumption about preventing chunking by using consonant 

letters was inaccurate and participants might have been using chunking in both experiments, 

or neither. 

Experiment 5 

Previously, we did a series of experiments with categorical stimuli measured as binary 

responses: correct/incorrect. In this last experiment, we conducted a reexamination of 

Experiment 1, except this experiment had continuous blocks which were mixed with both 

cueing conditions: spatial and color. The results from Experiment 1 were inconsistent with 

Experiment 2 and 4, whereas in Experiment 1 the color was superior to location, while in 

Experiment 2 and 4, the location was superior to color. 

Our goal in Experiment 5 is to establish whether knowing the cueing condition in 

advance and responding to the target bar on a continuous response scale, measured as 

precision, causes the difference, or if this difference was entirely due to the effect of probing 

the target with a certain cue. Blocking the cueing conditions could potentially lead to 

difference between block strategies, e.g., that participants emphasize spatial location in 

spatial cueing blocks, while emphasizing color in the color cueing blocks. The aim of this 
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experiment is to determine what could be the possible explanation for this difference between 

experiments, if any. 

Method 

Participants. Fourteen participants (twelve female), aged 24-34 years old (Mage = 

27.5, SD = 3.05), participated in the experiment. Thirteen were right-handed. All participants 

reported normal color vision and normal or corrected-to-normal vision. Participants signed a 

consent form before participating in the experiment and were informed of their right 

according to the Declaration of Helsinki. Participants did not receive payment for the 

participation. 

Stimuli and apparatus. The apparatus used in this experiment was identical to those 

in Experiment 4. The target stimuli were bars oriented from -88° to +90°. Bar height was 2° 

of visual angle. Bars and masks were randomly colored in red (r = 255, g = 43, b = 44), 

green (r =24, g = 95, b = 24), and blue (r = 61, g = 61, b = 246) on each trial. The target 

bars were randomly oriented in each trial. 

The target stimuli were presented in three out of six available positions on blank 

circular apertures, 3° of visual angle, on an invisible circle with a radius of 3.7°, measured 

from the center of the fixation cross, 0.2° of visual angle, to the center of a given black 

aperture. The masks, 2.1° of visual angle, were made from random patterns of the same color 

as the target stimuli. Viewing distance was approximately 700 mm. In the spatial cueing 

condition, a wireframe bar, of the same size as the target stimuli, appeared in the center of the 

screen with a cue that was a single black aperture, which remained on the display following 

the disappearance of the masks. In the color cueing condition, the cue was a colored disc, 

0.3° of visual angle, positioned inside a wireframe bar in the center of the screen. Participants 

adjusted the wireframe bar to match their memory of the probed target stimuli by using the 

keyboard (see Figure 1). 

Procedure and design. The experimental procedures were identical to those in 

Experiment 1, with the following exceptions. The blocks were continuous and mixed with 

both cueing conditions. Participants completed 24 practice trials before completing 3 

continuous blocks of 96 trials each, totaling 288. At the end of one block, an instruction 

screen appeared where participants could either take a break between the blocks or continue 

the experiment with a keypress when ready. In Experiment 5, both cueing conditions, spatial 
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and color, were presented in a random order in each block with participants uninformed 

whether the target bar would be probed with a spatial or color cue. 

Results 

Data from extreme outliers, defined as response time greater than +3 standard 

deviations of each individual participants’ mean response, was discarded, resulting in 1.04% 

data loss. The results from Experiment 5 are shown in Figure 10.  

To test if there was a difference between the deviation of response orientation and 

presented orientation, measured as absolute error from zero, between the spatial cue (M = 

26.78) and color cue (M = 23.59), a paired t-test was performed. The results from the t-test 

revealed a significant difference between the spatial cue and the color cue, t(13) = 2.231, p = 

.044. 

 

Figure 10. Results from Experiment 5. 

Discussion 

The results were consistent with the results in Experiment 1, which indicates that the 

experimental design was not interacting with the color cue probing being superior to location 

probing. 

In Experiment 1, participants knew in advance which cueing condition would be used 

to probe the target stimuli. By mixing up the cueing conditions, we were preventing the 

participants from selectively using a technique to memorize the color or location of the target. 
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Therefore, participants had no way of knowing the identity of the cue that would be used to 

probe the bar and could not prepare themselves for a specific cue, and thereby use a specific 

technique to encode and memorize the target. Color cue turned out to be significantly better 

when the target bar was probed with color rather than location, indicating that participants 

were not using a specific technique to memorize and retrieve information about the target bar. 

General discussion 

In the present study, we tested whether a color- or location-based probing was a more 

efficient way to retrieve information from VSTM. In Experiment 1 there was a significant 

difference between spatial cue and color cue, where color cue resulted in a lower absolute 

error, indicating that probing the target bar with color was more efficient to retrieve visual 

information from VSTM. These findings were not consistent with some previous studies 

regarding orientation of a target stimuli probed with a color or spatial cue (cf. Niklaus, Nobre 

& van Ede, 2017). 

In Experiment 1, the target stimuli were measured on a continuous response scale, 

which demands high precision of the visual information when encoding the target stimuli into 

VSTM. Subsequently, we wanted to test if an object probed with color would result in better 

performance than location, when the target stimuli required categorical identification and the 

dependent variable was measured as binary responses: correct/incorrect, leading to the 

development of Experiment 2. 

Experiment 2 consisted of target stimuli from an overlearned category: letters. In this 

experiment, cueing conditions consisted of two location cues, spatial and symbolic, and a 

color cue. Surprisingly, the results from Experiment 2 were inconsistent with the results from 

Experiment 1. Both the spatial cue and symbolic cue were significantly better than the color 

cue, which gave stronger evidence that participants were encoding letters differently from 

bars. This made us wonder whether this difference was due to the stimulus class (bars vs. 

letters), the technique used to encode and retrieve visual information from VSTM or had this 

discrepancy something to do with how the dependent variable was measured? We addressed 

these questions in Experiment 3 and 4. 

Experiment 3 was quite similar to Experiment 1 with few exceptions. Participants 

were instructed to answer if the top of the bar was directed to the left or the right. A symbolic 

cue was added. The dependent variable was binary responses: correct/incorrect. The results 

showed no significant difference between the effect of cues, which indicates that in 

Experiment 1, participants were encoding the target stimuli differently than in Experiment 2. 
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Since there was no significant difference between the cues, we concluded that part of the 

effect came from the measurement of the target stimuli in Experiment 1 and the rest from the 

categorical stimuli class that letters represent. When considering target letters, there is a 

possibility that participants are chunking together the letters to form a word and can then 

locate the letters position rather than its color. To test if chunking was involved in 

Experiment 2, we conducted Experiment 4 that consisted of consonant letters and added 

numeric digits. 

In Experiment 4, the symbolic cue was discarded. The results revealed that there was 

a significant difference between letters and numbers and between spatial and color cue. We 

hypothesized that it was not possible to chunk together consonant letters. There was a 

significant difference between the cues. A t-test comparison revealed that there was no 

significant mean difference between cues in the letter task, but there was a significant 

difference between the cues in the number task. From these results we assumed that in 

Experiment 2, participants were using a chunking method for memorization and therefore 

making the spatial cue and the symbolic cue a better probing method for letters than color 

cues. The results from Experiment 4 showed an interaction between experiments and cue 

type. Given this interaction, a t-test was performed separately for letters and numbers. There 

was only a measurable difference between cues in the number task. Our assumption was that 

participants were unable to chunk together consonant letters into a word formation. Since 

there was no difference in performance for either of the cue types in the letter task, we 

assumed that participants were not benefitting from the chunking mechanism. Although the 

results were not significant in the letter task in Experiment 4, the means for the spatial and 

color cue corresponded to the cue means in Experiment 2. Subsequently, the results from 

letters in Experiment 2 and the consonant letters in Experiment 4 were compared. There was 

no interaction between the experiments and cue type, suggesting that chunking was probably 

not as a big of a factor as previously assumed, although there was a possibility that 

participants were using chunking in both experiments, or neither. 

Experiment 5 was identical to Experiment 1, except that Experiment 5 had a mixed 

cueing condition, and therefore participants could not benefit from a specific memory method 

that could be used for memorizing and encoding either color or location. Results from 

Experiment 5 were consistent with the results from Experiment 1. This provides some 

evidence about the nature of various probing methods and how they can effectively be used 

to improve recall and retrieval of visual information about a target belonging to a specific 
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stimulus class. This strengthens our notion that probing target bars, measured on a continuous 

response scale, with color, is superior to location probing when retrieving information from 

VSTM. When categorical identification is required for the target stimuli; letters or numbers, 

location probing seems to be superior to color probing. Further investigation is needed for a 

sufficient conclusion about the difference between color- and location-based probing of 

categorical stimuli in VSTM. 
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