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Útdráttur 

Hugsýn (e. Mental Imagery) er getan til að sjá myndrænt fyrir sér í huganum. Hversu skýr sú 

hugsýn er getur verið allt frá hugsýnastoli (e. aphantasia), þar sem einstaklingar geta ekki 

kallað fram neina hugsýn, til hugsýnagnóttar (e. hyperphantasia), þar sem fólk getur kallað 

fram mjög skýra og greinilega hugsýn. Í núverandi rannsókn var markmiðið að athuga hvort 

tengsl væru á milli skýrleika hugsýna og nákvæmni í endurheimt upplýsinga úr sjónrænu 

minni. Tilgátan var að þeir sem upplifa litla sem enga hugsýn eigi erfiðara með að ná í 

upplýsingar úr sjónrænu minni með mikilli nákvæmni, til dæmis lit hluta, heldur en þeir sem 

upplifa skýra og greinilega hugsýn. Þetta var rannsakað í þremur verkefnum sem skiptust í: 

skynjunarverkefni, sjónrænt vinnsluminnisverkefni og langtímaminnisverkefni, ásamt 

spurningalista sem gert er að mæla skýrleika hugsýna. Skynjunarverkefnið var 

samanburðarverkefni. Þar birtust tveir hlutir samtímis, annar í lit og hinn grátóna. Í 

vinnsluminnis- og langtímaminnisverkefnunum birtust litaðir hlutir áður en samsvarandi 

gráleitur hlutur birtist. Þátttakendur voru í öllum tilvikum beðnir um að breyta lit gráleitu 

myndarinnar þar til hún varð eins á litinn og samsvarandi litmynd. Niðurstöður benda til þess 

að engin tengsl séu á milli skýrleika hugsýna og nákvæmni í sjónrænum minnisverkefnum. 

Hugsanlegar skýringar á þessum skorti á tengslum eru ræddar. 

  



MENTAL IMAGERY AND MEMORY 

5 
 

Abstract 

Visual mental imagery, or the ability to see with the mind’s eye, varies between individuals. 

The vividness of visual mental imagery ranges from aphantasics who experience no mental 

image at all, to hyperphantasics who experience very clear and vivid mental imagery. In the 

present study we investigated the possible connection between the vividness of visual mental 

imagery and precision of information retrieval from visual memory. We predicted that people 

experiencing weak or no mental imagery are poorer at retrieving information with great 

details from memory, such as the color of objects, than those experiencing strong and vivid 

mental imagery. This was tested in three experiments: a perception task, a visual working 

memory task, and a long-term memory task, and a questionnaire was used to measure the 

vividness of mental imagery. The perception task served as a control. A colored sample 

object and a grayscale test object were presented simultaneously. In the working memory and 

long-term memory tasks, a delay was added between the presentation of colored sample 

objects and grayscale test objects. Participants were asked to adjust the test object’s color 

until it matched that of the corresponding sample object. Our findings indicate no association 

between mental imagery vividness and memory precision. Possible explanations for this lack 

of an association are discussed.  

Keywords: Mental imagery • Memory precision • Memory recall • Individual differences 

  



MENTAL IMAGERY AND MEMORY 

6 
 

Table of Content 

Acknowledgment ....................................................................................................................... 3 

Útdráttur ..................................................................................................................................... 4 

Abstract ...................................................................................................................................... 5 

Method ..................................................................................................................................... 23 

Participants ........................................................................................................................... 23 

Stimuli and Apparatus .......................................................................................................... 23 

Procedure and Design........................................................................................................... 25 

The Vividness of Visual Imagery Questionnaire ................................................................. 28 

Interview............................................................................................................................... 28 

Data Analysis ....................................................................................................................... 29 

Results ...................................................................................................................................... 29 

Reliability ............................................................................................................................. 29 

Correlations .......................................................................................................................... 31 

Interviews ............................................................................................................................. 36 

General Discussion .................................................................................................................. 37 

References ................................................................................................................................ 42 

 

  



MENTAL IMAGERY AND MEMORY 

7 
 

Table of Figures 

Figure 1 .................................................................................................................................... 24 

Figure 2 .................................................................................................................................... 27 

Figure 3 .................................................................................................................................... 32 

 

  



MENTAL IMAGERY AND MEMORY 

8 
 

List of Tables 

Table 1 ..................................................................................................................................... 31 

Table 2 ..................................................................................................................................... 34 

Table 3 ..................................................................................................................................... 35 

Table 4 ..................................................................................................................................... 36 

 



MENTAL IMAGERY AND MEMORY 

9 
 

 Visual mental imagery is usually described as ‘seeing with the mind’s eye’ in the 

absence of external visual stimuli. Interest in mental imagery was especially lively in the 

1970s and 1980s with a longstanding debate on whether mental imagery representations were 

stored in a propositional form (Pylyshyn, 1973; see also Pylyshyn, 1981, 2003) or in a 

depictive format (Kosslyn, 1980; Kosslyn et al., 1978).  

Pylyshyn (1973) believed that mental imagery relied on symbolic, language-like 

representations and that all information about a visual scene was stored in a descriptive 

format. However, this descriptive format is not to be thought of as actual words; a proposition 

is either true or false, but a string of words is neither. Descriptions are propositional, they 

contain information, abstract concepts, concrete aspects, and terms, such as symbols for 

objects, relations, attributes. These descriptions are the result of perceptual processes 

(Pylyshyn, 1973). Pylyshyn (1973) argues that it is impossible to retrieve information about a 

whole scene only by the perceptually interpreted content of that scene. When imagining a 

certain sequence of events, for example a birthday party, one might recall what happened at 

the birthday party at a certain time, indicating that the scene is interpreted in integrated units 

of the whole scene with fine details. However, when parts are missing from the recalled 

scene, the scene is not recalled with missing pieces like it were a torn photograph (Pylyshyn, 

1973). In opposition to Pylyshyn’s viewpoint, mental images according to Kosslyn (1980) are 

preorganized into objects and their properties. Images are organized into meaningful parts 

and remembered in terms of spatial relations among them, and random parts of an image are 

not forgotten as if a piece was torn from a photographic mental picture (Kosslyn, 1980). 

Kosslyn (1980) argues that the concept of imagery is not equivalent to some picture in the 

head; pictures are concrete objects while images are ethereal entities that occur in the mind. 

Images are referred to as “quasi-pictorial” since images lack some properties of pictures 

(Kosslyn, 1980). Kosslyn et al. (1978) presented results from a visual scanning experiment. 
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Participants learned the location of objects on a map by drawing their relative positions. 

Participants were then presented verbally with the name of an object on the map and were 

asked to picture mentally the entire map and focus on the object. After 5 s delay, they were 

presented with another name of an object. Participants were asked to scan from the location 

of the first object to the location of the second object and press a button when they had 

arrived there. The time it took participants to scan across visual mental images increased 

linearly with the distance to be scanned, as if they were moving their mind’s eye from one 

location to another. These results indicate that images are quasi-pictorial (Kosslyn et al., 

1978).  

Pylyshyn (1981) disagrees with Kosslyn et al. (1978) and argues that most of the 

empirical phenomena involving the transformation of images, such as image scanning, can be 

explained by tacit knowledge, more specifically processes relying on symbolic encodings of 

rules and representations such as beliefs and goals. Pylyshyn (1981) argues that task 

instructions in Kosslyn and colleagues’ scanning experiment directly encourage participants 

to act as if they were actually looking at the map and scanning the distance between 

locations. Participants implicitly know from previously looking at the map and locating 

different objects on the map that it takes longer to scan longer distances. This makes 

participants take longer to mentally scan distances that they know are further apart than those 

that are closer together. Pylyshyn (1981) therefore rejects Kosslyn et al.’s (1978) evidence for 

the existence of inner mental images. However, Denis and Kosslyn (1999) claim that these 

findings provide evidence for the view that processes operating in mental imagery have 

specific characteristics that are different from processes operating in abstract thought. 

Recently, Pearson and Kosslyn (2015) presented evidence from multiple studies where 

activation in the primary visual cortex was found during visual imagery, in alignment with 

the depictive nature of visual imagery. In conclusion, Pearson and Kosslyn (2015) announced 
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the end of the imagery debate and suggested moving the focus of research to characterizing 

the different forms of mental imagery representations.  

Mental imagery has however been researched since around 1880, with Sir Francis 

Galton being among the first to formally study its vividness. Galton (1880, 1883) developed a 

questionnaire that addressed the illumination, definition, and coloring of the mental image. 

He started by asking men of science, whom he believed would give accurate answers due to 

their profession, about their mental imagery experience. Galton was surprised when many of 

them reported experiencing no mental images, unlike people from general society who 

described being able to generate mental images with great details and colors. Galton (1880; 

1883) suggested that this difference was due to the superior intellectual abilities possessed by 

men of science. As noted by Galton (1880, 1883), mental imagery varies from person to 

person. While some individuals report that they can quite easily bring up an image-like scene 

or an object in their mind’s eye, others report not being able to generate mental imagery of 

any kind. Zeman et al., (2015) referred to those without the ability to generate visual mental 

imagery as being aphantasic. Visual mental imagery is believed to have a wide range of 

vividness, ranging from aphantasic individuals, who claim to experience no image at all, to 

hyperphantasic individuals, who experience mental images as perfectly clear and vivid as if 

they were presented to them visually (Pearson, 2019; Zeman et al., 2020). Galton’s 

viewpoint, as noted above, was later studied by Zeman et al. (2020) who recruited a large 

group of aphantasic and hyperphantasic people and questioned them about their occupation 

(Zeman et al., 2020). As Galton (1880, 1883) had speculated, the findings of Zeman et al. 

(2020) indicate that hyperphantasic people are more likely to have careers in creative fields 

(e.g., arts, design, media), while aphantasic people are more likely to work in computing, 

mathematics, and science. This could indicate that visual imagery is not an epiphenomenon 

but instead serves some functional role in cognition.  
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The current study aims to assess whether individual differences in visual imagery are 

associated with performance on visual perception, visual working memory, and visual long-

term memory tasks, in particular whether there is a connection between imagery vividness 

and the precision of visual memories. 

In visual working memory experiments, participants are often required to hold 

multiple briefly presented stimuli in memory for a short period of time before being probed 

on a previously seen object. The capacity for holding items in visual working memory ranges 

between four to five objects (Alvarez & Cavanagh, 2004; Luck & Vogel, 1997), although, the 

limit seems to depend on the complexity of the objects, where capacity is higher for simple 

features than complex objects (Xu & Chun, 2006; but see also Luck & Vogel, 1997; Zhang & 

Luck, 2008).  

Both visual mental imagery and visual working memory involve accessing and 

manipulating perceptual information not currently present in the external environment, which 

might suggest that these mental processes rely on the same mechanisms (Baddeley & Hitch, 

1974; Keogh & Pearson, 2011). In 1974, Baddeley and Hitch introduced the multicomponent 

model of working memory, which consisted of three components: The central executive, that 

serves as a control system for the working memory, and two temporary storages, the 

phonological loop and the visuo-spatial sketchpad. The phonological loop is considered to 

store verbal and auditory information. This information will become lost in a matter of 

seconds unless actively held in memory by rehearsal. The visuo-spatial sketchpad functions 

the same way as the phonological loop, storing visual and spatial information (Baddeley, 

1983; Baddeley & Hitch, 1974). Since then, the working memory model has been refined 

with the episodic buffer as an addition to the structure (Baddeley, 2000, 2012; Baddeley & 

Hitch, 2019). The episodic buffer serves as a temporary storage with limited capacity and is 

assumed to be under the control of the central executive system. Baddeley assumes that the 
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episodic buffer holds chunks or integrated episodes in a multidimensional code, acting as a 

buffer store between the components of working memory and also linking the working 

memory to perception and long-term memory (Baddeley, 2000, 2012). The central role of the 

episodic buffer is to bind multiple features from different sources together into chunks or 

episodes, not only perceptually but also creatively, allowing one to generate a novel mental 

images of never-before-seen objects or scenarios (Baddeley, 2012). 

Farah (1984) proposed a componential model, formalized from Kosslyn’s (1980) 

theory of visual mental imagery. According to her model, visual mental imagery involves 

stored visual long-term memories of objects, a short-term visual buffer, a generation process, 

and an inspection process. The visual buffer is activated either by a perceptual encoding 

process or by the retrieval of information from long-term memory to generate a mental 

image. The inspection process organizes and sends information presented in the visual buffer 

to other cognitive systems (Farah, 1984).  

Both the multicomponent model of working memory and Farah’s componential model 

claim that visual mental imagery share certain mechanisms with visual perception (Farah, 

1984; Baddeley, 2012), which has also been proposed by others (see Kosslyn, 1980, 1983, 

1987; Farah, 1985). However, numerous studies have reported individuals with impaired 

visual perception but preserved visual mental imagery (see Bartolomeo et al., 1998; 

Behrmann et al.,1994; Behrmann et al., 1992; Riddoch & Humphreys, 1987; Riddoch et al., 

1999), while others have reported the opposite, individuals with normal visual perception but 

impaired visual mental imagery (see Farah, Levine, & Calvanio, 1988; Goldenberg, 1992; 

Thorudottir et al., 2020), providing evidence against the hypothesis that visual perception and 

visual mental imagery rely on the same neural mechanisms.  

Various methods have been used to measure mental imagery, both subjectively, by 

questioning the person about it, and objectively, by conducting tests that require the use of 
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mental imagery. The most commonly used subjective measures are self-report questionnaires 

such as the Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973), the Object-

Spatial Imagery Questionnaire (OSIQ; Blajenkova et al., 2006), and the Vividness of Object 

and Spatial Imagery (VOSI; Blazhenkova, 2016) questionnaire. The Vividness of Visual 

Imagery Questionnaire (Marks, 1973) consists of 16 items or scenarios. People are asked to 

rate the vividness of those scenarios on a 5-point Likert scale, from 1 = no image at all, 5 = 

perfectly clear and vivid image. An example of a scenario would be imagining standing in 

front of a shop and rating the vividness of the image that comes in mind: “The overall 

appearance of the shop from the opposite side of the road”. The Object-Spatial Imagery 

Questionnaire (Blajenkova et al., 2006) consists of two independent scales assessing object 

and spatial imagery separately, with 15 items each on a 5-point Likert scale, from 1 = total 

disagreement to 5 = total agreement. The object imagery part assesses pictorial 

representations such as shape, color, and texture, while the spatial imagery parts assesses 

relational representations like location, motion, and three-dimensional structure. An example 

of an object imagery statement: “I have a photographic memory”, and for a spatial imagery 

statement: “My images are more schematic than colorful and pictorial”. The Vividness of 

Object and Spatial Imagery (Blazhenkova, 2016) questionnaire consists of 18 items, thereof 

nine items for object imagery vividness and nine for spatial imagery vividness. People are 

asked to imagine each of these items and rate the vividness on a 5-point Likert scale, adapted 

from the VVIQ (Marks, 1973), from 1 = no image at all to 5 = perfectly clear and vivid. 

People are asked to imagine and rate the vividness of an object imagery question such as: 

“Shape and color of an autumn leaf”, and for the vividness of spatial imagery: “Location of 

your house on a map of your city“ (Blazhenkova, 2016). While questionnaires are important 

to assess individuals’ experience of mental imagery, they rely on self-report. Lequerica et al. 

(2002) found that reported vividness and control of visual mental imagery does not guarantee 
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accurate mental manipulations and that subjective measures of the control of mental imagery 

did not rely on the same cognitive processes involved in objective measures of the accuracy 

of imagery manipulation. 

Researchers have used various methods to objectively measure mental imagery by 

tasks such as mental rotation (e.g., Shepard & Metzler, 1971; Vandenberg & Kuse, 1978), 

visual imagery map scanning (Kosslyn et al., 1978), animal tails test (e.g., Farah, Hammond, 

et al., 1988), and binocular rivalry (Pearson, 2014). In mental rotation tasks, participants 

often view pairs of three-dimensional abstract shapes and are asked to identify whether the 

two shapes are same or different. Response time tends to increase with the degree of 

orientation difference between the two shapes, showing a linear relationship between angle of 

rotation and response time (Shepard & Metzler, 1971). Visual imagery map scanning requires 

participants to memorize a map, e.g. of a fictional island, with items located at different 

distances from one another, and participants are asked to imagine a small dot moving from 

one location to another. Response time increases with greater distance between locations 

(Kosslyn et al., 1978). In the animal tails test, participants are presented with the name of an 

animal and are asked to report whether the animal has a long tail proportional to their body 

size (e.g., Farah, Hammond, et al., 1988). In the binocular rivalry technique, participants are 

asked to imagine either a red Gabor patch or green Gabor patch, and both Gabor patches are 

then presented, one to each eye, after a delay. The imagined Gabor patch tends to dominate, 

forcing the other out of awareness (Pearson, 2014). Measuring mental imagery objectively 

has however been a challenge, and there is no fully agreed-upon way to accurately measure 

individuals’ mental imagery experience. 

Previous studies on aphantasics mostly regard their performance on mental imagery 

and working memory tasks. Jacobs et al. (2018) presented data from an aphantasic individual 

(AI) who contacted them after learning about the phenomenon. AI completed various 
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experimental tasks, including a change detection task, a working memory capacity battery 

(memory updating, operation span, sentence span, and spatial working memory). In addition, 

visual working memory performance was compared to a matched mental imagery task. The 

visual working memory task required participants to judge the location of a target and the 

mental imagery task involved imagining a shape and reporting whether the location of a 

target would be inside or outside of the boundaries of that imagined shape. AI performed on 

par with a control group on most tasks, even including the mental imagery task. However, 

when the visual working memory task was analyzed based on difficulty level, the aphantasic 

individual’s performance dropped more than that of controls in the most difficult condition, 

suggesting that her visual working memory precision was poor (see Jacobs et al., 2018).  

Zeman et al. (2010) reported a case study of patient MX, who claimed to have lost the 

ability to generate mental imagery following a surgery (coronary angioplasty). Neuroimaging 

and psychiatric assessments were within the normal range and could therefore not account for 

MX’s sudden loss of mental imagery. However, even though MX reported no mental 

imagery, he was still able to recognize familiar and famous faces, had no trouble navigating 

around familiar routes and could draw from memory. MX’s performance on standard tests of 

visual imagery and working memory was normal compared to controls. On a mental rotation 

task, MX was slower than controls, but made fewer errors. Interestingly, unlike for controls, 

no linear relationship between angle of rotation and response time was found for MX. The 

authors suggest that this discrepancy could come from MX using a different, more time-

consuming strategy than the mental rotation strategy used by controls (Zeman et al., 2010).  

Keogh and Pearson (2018), in response to MX’s (see Zeman et al., 2010) apparently 

normal performance on the mental rotation task, considered the possibility that aphantasic 

individuals might actually create mental images in their mind, but do so unconsciously and 

without being able to attend to them successfully. To examine whether it could result from a 
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lack of metacognition or inability to introspect, fifteen self-proclaimed aphantasic individuals 

participated in a binocular rivalry task (for more information about binocular rivalry see 

Pearson et al., 2008; Pearson, 2014). The binocular rivalry task is a priming process where 

participants are cued to imagine either a green or a red Gabor patch and report the vividness 

of that image. They are then presented with a brief display of one green and one red Gabor 

patch to each eye, which results in one image becoming dominant while the other is 

suppressed from awareness (Pearson, 2014; Keogh & Pearson, 2018). Keogh and Pearson 

hypothesized that if aphantasia was due to a complete lack of visual imagery, aphants would 

not show any priming effects of visual imagery. However, if aphantasia is due to a lack of 

metacognition or failed introspection, they should show such priming. Keogh and Pearsons’ 

findings suggest that aphantasic individuals had significantly reduced priming effects 

compared to controls. Thus, the aphantasic individuals showed almost no imagery-based 

rivalry priming, supporting that they lack low-level sensory visual imagery and that this 

deficiency is not accounted for by a lack of metacognition or an inability to introspect (Keogh 

& Pearson, 2018).  

Recently Dijkstra et al. (2019) measured performance on the binocular rivalry test as 

done by Keogh and Pearson (2018). Dijkstra et al. (2019) binned trials into four levels using 

vividness ratings given by participants and calculated the priming effect as proportion of 

trials that the imagined percept was perceived. Dijkstra et al. (2019) found a main effect of 

vividness on imagery priming; this association was linear, where the effect of imagery on 

binocular rivalry was stronger for more vivid imagery. However, Dijkstra et al. (2019) did 

not find a correlation between VVIQ scores and imagery priming. Dijkstra et al. (2019) 

concluded that there was a large variation in the way which imagery influences conscious 

perception and that mental imagery can both bias perception towards and away from the 

imagined stimulus. These findings highlight the need for research based on individual 
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differences and the individuals’ stability of imagery vividness within and between 

experiments. 

The difference between working memory and long-term memory is considered to lie 

in both duration and capacity (Cowan, 2008). The capacity of working memory is thought to 

be limited to a few items, and information will be lost after a short time if not attended to 

(Baddeley & Hitch, 1974). Long-term memory is however capable of storing thousands of 

objects (e.g., Brady et al., 2008; Konkle et al., 2010; Standing et al., 1970) with great visual 

details (Brady et al., 2013). Tulving (1972) described two distinct long-term memory types: 

episodic and semantic memory. Episodic memory stores events and personal experiences and 

can be accessed consciously through “mental time travel”, allowing one to re-experience past 

events (Tulving, 1993). Semantic memory stores general knowledge, such as concepts, 

meanings and facts learned throughout our lives. Episodic memories are restricted to the 

individual while semantic memories are not necessarily unique to the individual but rather 

common knowledge about the world mostly shared by others (Tulving, 2002).  

Rubin (2006) redefined episodic memory in his basic-systems model of episodic 

memory as he believed that the original notion was too simple and did not cover different 

aspects of episodic memory functions, such as multiple senses, language, or emotion. In the 

basic-systems model, Rubin (2006) describes autobiographical memory, which is similar to 

Tulving’s (1972, 2002) episodic memory but differs in terms of greater involvement from 

other subsystems in the basic-systems model, such as greater narrative, recalling multimodal 

events, emotional involvement, and the importance of the self. According to the basic-

systems model, four things are needed to successfully recall autobiographical memories: 

visual imagery, language, narrative, and emotions (Rubin, 2006). Another aspect comes from 

Brewer (1986, 1996) who described the recall of a specific episode from one’s experience as 

recollective memory. Recollective memory consists of both autobiographical memories, 
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containing personal memories that are represented as visual images of personal events, and 

personal memories that contain autobiographical facts that are not presented as visual images 

(Brewer, 1986; 1996).  

While aphantasic individuals might have intact visual working memory, there is some 

reason to believe that their long-term visual memory is impaired. In a recent study 

(Bainbridge et al., 2020), aphantasic participants were tested on a recognition task and 

drawing from memory. Participants went through a study phase where they viewed three real-

world scene images for 10 s each. Then participants were asked to draw each of the three 

images from memory. Participants were not aware of the drawing test beforehand. They were 

also asked to complete a recognition task, where they viewed images and reported if they had 

seen them before or not; these images consisted of the three images previously presented in 

the study phase and three new matched images of the same scene category, for example, if 

one of the images in the study phase was of a bedroom it would be matched with a new never 

seen before image of a bedroom. Participants also drew a copy of each of the three studied 

images while viewing them. Aphantasic participants did not have a deficit in recognizing 

images as both the aphantasic group and control group performed near ceiling. The drawings 

were scored on object information, spatial accuracy, and memory errors. When copying a 

drawing the aphantasics drew more objects than controls. When drawing from memory, 

aphantasics drew fewer objects than controls, and recalled objects tended to contain fewer 

visual details, e.g., color, consistent with a deficit in recalling object information from long-

term memory. However, aphantasic participants included more descriptive text for objects 

(e.g., writing “fireplace” on top of a drawing of a fireplace) in their drawings than controls, 

which could indicate that aphantasic people rely on symbolic representations to support their 

memory. Interestingly, there was no difference in spatial accuracy between aphantasics and 

controls.  
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Aphantasics’ highly accurate memories for spatial location is in an alignment with the 

results obtained from the Object and Spatial Imagery Questionnaire (OSIQ; Blajenkova et al., 

2006), which measures visual preference for spatial- and object information. Object imagers 

prefer to form picture-like images that are rich in color, have high resolution, and process 

images holistically, while spatial imagers prefer to form schematic object representations and 

spatial relations among objects, use featural processing for image generation, and can 

perform complex spatial transformations. There was a significant difference between controls 

and aphantasics relating to object imagery, but not for spatial imagery (Bainbridge et al., 

2020). Similar results have also been obtained by others (Dawes et al., 2020; Keogh & 

Pearson, 2018). Bainbridge et al. (2020) conclude from these results that separate systems 

might support spatial information and object information in memory (see also Blazhenkova, 

2016).  

The most commonly used questionnaire to measure the clarity and vividness of an 

individual’s mental imagery is the Vividness of Visual Mental Imagery Questionnaire 

(VVIQ). People are asked to mentally imagine various scenarios and rate the vividness of that 

image on a Likert scale. McKelvie and Demers (1979) tested the empirical validity of the 

Vividness of Visual Imagery Questionnaire (VVIQ) in tasks involving both working memory 

and long-term memory. The VVIQ scores were used to divide participants into two groups: 

low-visualizers and high-visualizers. The groups finished a working memory task and a long-

term memory task. Both tasks included the memorization of abstract nouns, concrete nouns, 

and colored photographs of common objects. McKelvie and Demers predicted that high-

visualizers would perform better than low-visualizers on tasks involving visual coding 

(colored pictures and concrete words) but should not differ in task that should not involve 

imagery (abstract words). In the long-term memory task, high-visualizers could remember 

more concrete words and colored pictures than the low-visualizers but did not differ on 
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abstract words. In conclusion, McKelvie and Demers (1979) claimed that the results from the 

long-term memory task provided strong evidence for the validity of the VVIQ. High-

visualizers nonetheless performed better than low-visualizers on all working memory tasks, 

which is hard to fully reconcile with their conclusion. 

Marks (1973) provided similar results from his experiments. “Good” and “poor” 

visualizers were selected based on their scoring on the VVIQ. Participants viewed multiple 

colored photographs and recall was tested using multiple-choice questions. On each trial, 

participants were presented with multiple pictures of object for 20 s. After the images 

disappeared from the screen, participants were asked to do a subtraction task, where they saw 

a number on a screen and had to count backwards out loud while holding the previously seen 

images in mind. Before the question phase began, they were asked to report the vividness of 

the images they held in mind while counting. After the vividness rating they were asked 

questions about the images, for example, “What was the time on the clock?: ten to seven, ten 

to ten, or ten to four?”. The results indicated that verbal reports of the vividness of visual 

images were reliable predictors of accuracy in retrieving information contained in pictures 

(Marks, 1973). Similar results have also been found in other experiments regarding long-term 

recall of pictorial details being better for high-visualizers (see e.g., Hanggi, 1989; Marks, 

1973). However, there are studies that have found no correlation between the two (Chara & 

Hamm, 1989; Berger & Gaunitz, 1977).  

The current study is based on an experiment conducted by Brady et al. (2013), with a 

few exceptions regarding the experimental design. Brady et al. (2013) compared the fidelity 

of color information in visual long-term memory with the fidelity of working memory and 

perception. Fidelity refers to how precisely participants can recall from memory the 

information about objects’ color. Data analysis was done by fitting a mixture of two 

distributions; von Mises distribution on a circular space, reflecting successful memory 
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retrieval with some degree of precision, and a uniform distribution to reflect random guessing 

(Zhang & Luck, 2008). This method was used to separate in which trials the color of the 

object was retrieved with some level of fidelity and in which trials the color of the object was 

not remembered (Brady et al, 2013). The probability of guessing was measured as the height 

of the uniform distribution and fidelity as standard deviation of the von Mises distribution. 

The narrower the distribution around 0°, the more precise the memory representation (Brady 

et al., 2013). In the long-term memory condition, participants had to encode and store 

hundreds of items for long durations before retrieving the items while in the working memory 

condition participants would hold the items and their color actively in their mind. Color 

perception was extremely precise while both working memory and long-term memory 

showed significantly lower fidelity. The results suggested that the fidelity of working 

memory and the fidelity of long-term memory were almost identical and that participants had 

highly detailed long-term memory representations. However, it should be taken into 

consideration that the guess rate was estimated to be much higher for long-term memory than 

for working memory (Brady et al., 2013; see general discussion for further information).  

The aim of the current study was to see whether the vividness of mental imagery is 

associated with accurately encoding and retrieving visual information from visual memory. 

Participants were tested on the perception, working memory, and long-term memory of object 

color. The perception condition served as a control, allowing us to confirm that participants’ 

sight was acceptable, that they understood task instructions, that they had sufficient manual 

dexterity to select an appropriate response etc. We predicted that the vividness of mental 

imagery would not be associated with the precision of perception, but that it would affect the 

precision of visual memories, where those with weaker or no imagery experiences would 

have lower fidelity visual working memory as well as less accurate long-term memories.  
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Method 

Participants 

All people who volunteered for the study within a particular period were tested. 60 people 

volunteered. Five were excluded, see Method: Data Analysis, leaving 55 people (40 females) 

ages 19 – 68 (M = 33.60, SD = 13.96) in the sample. One participant had completed 

compulsory education  (currently 10 years of schooling completed at around age 16), 32 had 

finished gymnasium, 10 had finished a bachelor’s degree, nine had finished a master’s 

degree, and three had finished a Ph.D. degree. All participants reported normal or corrected-

to-normal vision, including normal color vision. Participants signed a consent form before 

participating in the experiment and were informed of their rights in accordance with the 

Declaration of Helsinki. Participants did not receive payment for participation but were 

offered to participate in a lottery, where one in every ten participants were randomly selected 

to receive a 10.000 kr. (approximately $68) gift card.  

Stimuli and Apparatus 

The experiment was conducted in a laboratory at the University of Iceland. The target 

stimuli were presented on a 27”, 60-Hz ASUS LCD monitor controlled by a 3.30-GHz 

computer running Windows 10. Stimuli were viewed from a distance of approximately 57 

cm. The screen resolution was set to 2560 by 1440 pixels. Stimulus presentation and response 

collection were done using Psychopy’s Experiment Builder version 2020.1.1 (Peirce et al., 

2019). Analyses were conducted in RStudio (version 1.2.5033; R Core Team, 2019; RStudio 

Team, 2019). 

Participants viewed 540 images of real-world objects used by Brady et al. (2013; 

stimuli obtained from http://timbrady.org/stimuli/ColorRotationStimuli.zip). Brady et al. 

(2013) used MATLAB for object presentation. A modified version of their MATLAB code 

(available in the zip-file mentioned earlier) was used to create 360 colored images of each 

http://timbrady.org/stimuli/ColorRotationStimuli.zip


MENTAL IMAGERY AND MEMORY 

24 
 

object in every degree of color of a color-wheel for further use in PsychoPy. Objects were 

divided randomly into four conditions (135 unique objects per condition): perception, 

working memory condition A, working memory condition BA, and long-term memory 

condition. In all conditions, participants were to match the color of a test object to the color 

of an identical sample object. Sample objects were presented in a random color between 0° 

and 359° of an invisible color-wheel. Object diameter was approximately 5° of visual angle. 

Test objects were presented in grayscale but were given a random color as soon as the mouse 

was moved. The color was marked on an invisible color-wheel with a small dot on an 

invisible circle located approximately 6° of visual angle around the test object (see Figure 1). 

Figure 1 

A demonstration of the invisible color-wheel  

 

Figure 1. a) An invisible color-wheel is located around the test object in all experiments, b) 

moving the mouse activates the color-wheel and c) the test object gets assigned a color. This 

is only a demonstration of how the invisible color-wheel works, participants never see 

anything around the test object, they only see the test object change color when moving the 

mouse. 

The color-wheel was randomly oriented on each trial (e.g. the same absolute location 

for the dot could indicate green on one trial and blue on the next trial). Participants could 

continuously change the test object’s color by dragging the mouse to move the dot around the 

invisible circle. Participants chose a color for the test object by clicking the left mouse button 

when satisfied with their response. 
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Procedure and Design 

 The experiment was conducted in a small windowless room. Participants gave their 

informed consent for the experiment and for the recording of an interview. Participants read 

task instructions before completing a background questionnaire (age, gender, education level) 

and the Icelandic translated version of the Vividness of Visual Imagery Questionnaire 

(VVIQ; Marks, 1973). All participants took the computerized tests in the same order, 

beginning with the perception condition and then both visual working memory conditions 

(working memory condition A, working memory condition BA) ending with the long-term 

memory condition. Colors for the sample objects were randomized and presented in the same 

order to all participants in all conditions. We were interested in individual differences in 

reported vividness of mental imagery and memory performance; therefore, to maintain 

stability between participants, the color of the objects and order were identical for all 

participants. Test objects were presented in grayscale with an invisible color-wheel around it 

(see Figure 1a) that was activated by moving the mouse (see Figure 1b). 

In the perception condition, participants performed a color-matching task (see Figure 

2a). Two copies of the same object were simultaneously presented approximately 4° to the 

left and right of the screens center. The left object was a randomly colored sample object, and 

to the right was a grayscale test object. Participants adjusted the color of the test object to 

match the color of the sample object. Participants completed 135 trials. 

In working memory condition A, three sample objects were simultaneously presented. 

All objects were positioned on an invisible circle (radius approximately 10.5° centered at the 

middle of the screen (see Figure 2b). Participants were instructed to remember the color of all 

three sample objects. After 3 s the objects disappeared for 1 s before one of the just seen 

objects appeared in grayscale at screen center. Participants adjusted the color of this test 

object to match it to the color of the identical sample object. Participants completed 45 trials. 
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 In working memory condition BA, previously seen sample objects from working 

memory condition A were used (working memory condition BA, part A) with an additional 

135 objects never seen before (working memory condition, BA, part B), for a total of 270 

sample objects. The sample objects originally from working memory condition A were given 

a color opposite their original color (e.g. a sample object originally given a color responding 

to 90° on the color wheel was now 270°). The intended purpose of this manipulation was to 

see if people with vivid visual imagery would be negatively affected by the same object being 

presented again in another color, as involuntary imagery from the original color would 

interfere with their performance. The procedure was otherwise identical to working memory 

condition A. Participants completed two blocks of 45 trials each, thereof two blocks with 

repeated objects of the opposite color (A blocks) and two blocks of never-before-seen 

randomly colored objects (B blocks; BABA design).   

In the study phase of the long-term memory condition, participants were instructed to 

remember the color of each object. Only one object was presented at a time at the center of 

the screen for 1 s (see Figure 2c). The object disappeared for 1 s before the next one 

appeared. All 135 objects were presented in a random order and then presented in a different 

random order for the second time, in the same color as in the first presentation, as repetition 

has been shown to improve visual long-term memory fidelity (Miner et al., 2020). 

Throughout the study phase, participants got five breaks that lasted for 15 s. A countdown 

was shown during the last 5 s of the break so that participants could prepare themselves for 

the first object after the break. When all objects had been displayed twice, a test phase began. 

On each trial of the test phase, a grayscale test object was presented at the center of the 

screen. Participants were instructed to adjust the color of the test object to match the color of 

the identical object previously seen during the study phase. Participants completed 135 test 

trials. The protocol was reviewed by the University of Iceland Internal Review Board. 



MENTAL IMAGERY AND MEMORY 

27 
 

Figure 2 

Experimental conditions 

 

Figure 2. Experimental conditions. a) Perception condition, sample and test object presented 

simultaneously and stayed onscreen until response. b) Working memory A & BA, three 

sample objects were presented simultaneously for 3 s, followed by a 1 s delay before the 

presentation of a single test object identical to one of the just-seen sample objects. c) Long-

term memory condition, sample objects during the study phase appeared one after another for 

1 s each with an inter-trial interval of 1 s. When all objects had been seen twice, the test 

phase began, where each test object appeared in turn and stayed at screen center until 

response. 
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The Vividness of Visual Imagery Questionnaire 

At the end of the experiment, all participants completed the Icelandic translated 

version of The Vividness of Visual Imagery Questionnaire (VVIQ-modified; Appendix B), 

which is a modified version of the Vividness of Visual Imagery Questionnaire (VVIQ; 

Marks, 1973). The VVIQ-modified was translated to Icelandic with the author’s permission. 

Sandra Þórudóttir and Heiða María Sigurðardóttir did the initial translation and further 

amended the translation according to the suggestions of Vaka Vésteinsdóttir (quantitative 

psychology expert at the University of Iceland School of Health Sciences Psychometric 

Center). VVIQ-modified has 16 items where participants are instructed to imagine various 

scenarios and rate the vividness of the image on a five-point Likert scale, where 1 indicates 

no image at all and 5 indicates an image that is perfectly clear and vivid. Scores on the 

VVIQ-modified can range from 16 to 80, 16 representing the lowest score and 80 the highest 

score of vividness of visual imagery. The English version of the VVIQ-modified is 

considered to be a reliable psychometric tool for measuring the vividness of visual imagery 

(Campos & Pérez-Fabello, 2009; Campos, 2011; Morrison & Wallace, 2001). 

Interview 

 All participants were interviewed at the end of the study (Appendix A) to acquire 

more detailed information about their mental imagery experience. As a general rule, all 

participants were asked the same formal questions. However, if they reported unusually weak 

or strong visual imagery, we followed up with further questions on their experiences. 

Participants were also asked about what strategy they believed they used for the working 

memory and long-term memory condition.  
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Data Analysis 

Data from five participants were excluded. One was excluded due to a technical issue, 

one fell asleep during the experiment, one did not follow instructions, and two were extreme 

outliers, defined as greater than ± 3 standard deviations from the mean precision in 

perception, working memory, and/or long-term memory conditions. Precision was measured 

by calculating the circular standard deviation of response errors, where a greater circular 

standard deviation would indicate lower precision of the memory or percept. Response error 

was measured as degrees between the true sample object color and the reported target object 

color (range 0° to ± 180°), where lower absolute values indicated a selected target color 

closer to the true sample color on the color wheel. Data from 55 participants remained for 

further analysis. For the analysis, we calculated the average VVIQ score for each participant, 

with the lowest score from 1 (weakest mental imagery) to the highest score at 5 (most vivid 

mental imagery).  

Results 

Reliability  

While both the English (Chronbach’s α = .95; Burton, 2003) and Spanish (Cronbach’s 

α =.88; Campos et al., 2002) versions of Vividness of Visual Imagery Questionnaire (VVIQ; 

Marks, 1973) are known to have high internal consistency, the Icelandic translation of the 

VVIQ-modified is used for the first time in the current study. We therefore report both its 

factor structure and internal consistency reliability. Reliability was very high, with 

Chronbach’s α = .97. For the factor structure, we ran a principal component analysis, using 

varimax rotation. All items loaded over .50 on a single factor, which suggests that the 

questionnaire measures a single construct. Next, we performed a split-half reliability analysis 

for the object color tasks (perception, working memory A & BA, long-term memory). Table 
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1 shows correlations between precision estimates for odd and even trials for each condition, 

as well as reliability estimates for the full set of trials (odd and even) using the Spearman-

Brown formula: 

𝜌𝓍𝓍′ =
2𝜌₁₂

1 + 𝜌₁₂
 

where 𝜌₁₂ is the Pearson’s correlation.  

The reliability of the precision of perception was acceptable, as was the reliability of 

long-term memory precision. Reliability estimates for working memory A were however 

unacceptable. We therefore combined trials from working memory A and the B part of 

working memory BA (objects never been seen before) into a single measure of working 

memory precision. Part A of working memory BA (objects seen before in a different color) 

was excluded as it was initially added to the experiment to answer a question that would 

require a more reliable measure. The combined measure had acceptable reliability and for the 

remainder of the analysis we will refer to it as working memory. 
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Table 1  

Split-half reliability measures for each experimental condition. M = mean values and SD = 

standard deviation of precision measures for each condition. Pearson’s correlation between 

odd and even trials for each condition. Also shown is the Spearman-Brown corrected split-

half reliability.  

Correlations 

Correlation between perception, working memory, long-term memory, and VVIQ are 

shown in Figure 3. The only significant correlations were between perception and both 

working memory and long-term memory – which, interestingly, were themselves not 

significantly correlated – where greater perceptual precision (i.e. lower circular standard 

deviation of response errors) was associated with greater precision of visual memories. The 

VVIQ was not significantly correlated with any of the experimental conditions.  

 

 

 

+. Pearson’s correlation converted into reliability by using the Spearman-Brown formula. 
 

**. Correlation is significant at the 0.01 level
 

*. Correlation is significant at the 0.05 level 
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Figure 3 

Correlations between experimental conditions and the VVIQ. 

 

Figure 3. The x-axes for the experimental conditions show the circular standard deviation of response 

errors in degrees, where higher circular standard deviation indicates lower precision. The VVIQ 

scores range from 1 = no image at all to 5 = perfectly clear and vivid image and represent the mean 

score for each participant. 

We predicted that lower scores on the VVIQ would be associated with lower memory 

precision (i.e. higher circular standard deviation of response errors), so this null result was 

surprising. However, it should be taken into consideration that background variables, as well 

as the precision of visual encoding (perception), could affect memory performance and 

possibly mask associations with VVIQ. Background variables were age, gender, and 

education level. Gender was coded 0 = male, 1 = female in the analysis and educational level 
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was coded from 0 (lowest educational level) to 5 (highest educational level). The correlations 

between all variables are shown in Table 2. There was a positive correlation between working 

memory and perception (r = .37, p = .006), working memory and age (r = .29, p = .030), 

long-term memory and perception (r = .29, p = .032), long-term memory and gender, (r = -

.34, p = .012), perception and age (r = .49, p < .001) and age and education (r = .37, p = 

.005). Those higher in precision in the perception condition had generally higher memory 

precision and females had greater precision (lower circular standard deviation error) in long-

term memory compared to males. Younger people tended to have higher precision in the 

perception and working memory condition, and older people were generally more educated 

than younger people. 
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Table 2 

Means, standard deviations, and correlations with confidence intervals. 

Variable M SD 1 2 3 4 5 6 

         
1. Working Memory 41.87 7.96             

                  

2. Long-Term Memory 82.66 22.78 .15           

      [-.12, .40]           

                  

3. Age 33.60 13.96 .29* .17         

      [.03, .52] [-.10, .42]         

                  

4. Gender 0.73 0.45 .02 -.34* -.02       

      [-.24, .29] [-.55, -.08] [-.28, .25]       

                  

5. Education 1.65 0.97 -.11 .14 .37** .03     

      [-.36, .16] [-.13, .39] [.12, .58] [-.23, .30]     

                  

6. Perception 9.50 3.67 .37** .29* .49** -.03 -.00   

      [.11, .58] [.03, .52] [.25, .67] [-.29, .24] [-.27, .26]   

                  

7. VVIQ 3.39 1.12 .06 -.09 -.15 .15 -.16 .13 

      [-.21, .32] [-.35, .18] [-.40, .12] [-.12, .40] [-.41, .11] [-.14, .38] 

                  

Note. M and SD are used to represent mean and standard deviation, respectively.  

Values in square brackets indicate the 95% confidence interval for each correlation.  

* indicates p < .05.  

** indicates p < .01. 

A linear regression analysis was conducted to explore the relationship between 

working memory performance and predictor variables (age, gender, education, perception, 

VVIQ). The results from the linear regression analysis are shown in Table 3. The model as a 

whole was not significant (F(5, 49) = 2.246, p = .064, R2 = .186) and none of the predictors 

explained a significant proportion of the variance in working memory not accounted for by 

other predictors. When accounting for age, gender, education, and perception, scores on the 

VVIQ only explained a small proportion, or 0.01%, of the variance in working memory 

precision not accounted for by other variables. 
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Table 3 

Regression results using Working Memory as the criterion 

  

Predictor b 

b 

95% CI 

[LL, UL] 

beta 

beta 

95% CI 

[LL, UL] 

Fit 

(Intercept) 33.49** [23.62, 43.35]    

Age 0.14 [-0.05, 0.33] 0.25 [-0.08, 0.59]  

Gender 0.71 [-3.95, 5.37] 0.04 [-0.22, 0.30]  

Education -1.61 [-3.98, 0.76] -0.20 [-0.48, 0.09]  

Perception 0.53 [-0.15, 1.20] 0.24 [-0.07, 0.55]  

VVIQ 0.21 [-1.74, 2.16] 0.03 [-0.24, 0.30]  

     R2   = .186 

     95% CI[.00, .31] 

      

Note. b = unstandardized regression weights. beta = standardized regression weights.  

LL and UL indicate the lower and upper limits of a confidence interval, respectively. 

* indicates p < .05.  

** indicates p < .01. 

We analyzed the long-term memory condition in the same way as for the working 

memory condition. The results are shown in Table 4. The results of the linear regression 

showed that the model was significant (F(5, 49) = 2.768, p = .03, R2 = .22). However, the 

only significant predictors were gender (b = -.32, t(49) = -2.53, p = .015) and perception (b = 

.32, t(49) = 2.10, p = .04). The VVIQ only explained 0.4% of the variance in long-term 

memory precision not accounted for by other predictors. 
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Table 4 

Regression results using Long-Term Memory as the criterion 

  

Predictor b 

b 

95% CI 

[LL, UL] 

beta 

beta 

95% CI 

[LL, UL] 

Fit 

(Intercept) 77.60** [49.97, 105.24]    

Age -0.10 [-0.64, 0.43] -0.06 [-0.39, 0.26]  

Gender -16.40* [-29.44, -3.35] -0.32 [-0.58, -0.07]  

Education 3.85 [-2.78, 10.48] 0.16 [-0.12, 0.44]  

Perception 1.99* [0.09, 3.88] 0.32 [0.02, 0.63]  

VVIQ -1.41 [-6.87, 4.05] -0.07 [-0.34, 0.20]  

     R2   = .220* 

     95% CI[.00, .34] 

      

Note. b = unstandardized regression weights. beta = standardized regression weights.  

LL and UL indicate the lower and upper limits of a confidence interval, respectively. 

* indicates p < .05.  

** indicates p < .01. 

 

Interviews 

 It was clear from the interviews that some individuals who reported on the VVIQ that 

they had no image at all in their mind nonetheless appeared to experience some sort of mental 

imagery, although not to a degree which one might refer to as typical. Almost all participants 

reported using a verbal strategy in the working memory conditions, where they repeated the 

names of the object’s colors. Only a small percentage of participants reported that they 

repeated the identity of the objects. A few participants with low imagery reported in the long-

term memory condition that they tried to either connect the objects to their personal life or 

make a description or a list of the objects. Strategies for the long-term memory condition 

nonetheless varied between participants. 
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General Discussion 

 In the present study, we tested whether people experiencing weak or no mental 

imagery would perform worse in visual working memory and long-term memory tasks than 

those experiencing strong and vivid mental imagery. We predicted that people experiencing 

vivid and strong mental imagery would be able to use it as a strategy to retrieve more 

accurate visual information from memory. A visual perception condition was used as a 

control task as most people with normal visual acuity and normal color vision would be able 

to accurately match a test object’s color to a simultaneously presented sample object.  

Perception correlated with working memory and long-term memory performance, as 

is to be expected if poor perceptual precision diminishes the precision of the initial encoding 

of visual memories. Perception and working memory became less precise with age. Age-

related memory decline has been well documented (e.g., Bo et al., 2009; Briggs et al., 1999; 

Bruyer & Scailquin, 2000; Noack et al., 2012; Peich et al., 2013), as well as affecting speed 

and accuracy in mental imagery tasks (e.g., Briggs et al., 1999; Craik & Dirkx, 1992). 

Surprisingly, the precision of visual long-term memory was not found to change with age, 

and women tended to outperform men on the long-term memory task. We however found no 

association between the vividness of mental imagery and performance in either the working 

memory task or the long-term memory task.   

The lack of an association between visual imagery and visual working memory was 

not completely unexpected, as previous studies on the connection between visual mental 

imagery strength and visual working memory in aphantasic individuals compared to controls 

have mostly shown normal performance (Jacobs et al., 2018; Zeman et al., 2010). This might 

however depend on task strategy. Previous studies on visual working memory capacity have 

encountered problems with the interference of verbal rehearsal, where participants use 

internal speech to maintain information in memory (e.g., Baddeley & Logie, 1999; Baddeley 
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et al., 1975). However, even with verbal rehearsal, some things are harder to verbally 

rehearse than others, for example colors. Berlin and Kay (1969) found that most languages 

use about 11 basic color names; white, black, red, yellow, blue, brown, purple, orange, pink, 

and gray (see also Boynton & Olson, 1987, 1990), making it hard to rely on verbal rehearsal 

for colors that fall within the same color category. When planning the current study, we 

predicted that people would generally not benefit from verbal rehearsal as the task was to 

report an object’s color as precisely as possible, while verbal rehearsal would only allow 

people to repeat basic color names and not exact color hue. We were interested in the 

memory strategies used by participants and thought it likely that those with weaker mental 

imagery would rely more on verbal coding compared to those with strong mental imagery. In 

the interviews, most of our participants nonetheless reported using verbal rehearsal rather 

than visual mental imagery as a strategy in the working memory task. In further studies, it 

might be advisable to use articulatory suppression, in which participants repeat a simple word 

out loud throughout the task to prevent verbal rehearsal (e.g., Baddeley et al., 1975; Covre et 

al., 2019; Zeman et al., 2010). 

People with aphantasia self-report the absence of object imagery but not spatial 

imagery (Dawes et al., 2020). This is consistent with some formal testing of their long-term 

memory abilities, where aphantasics drew fewer remembered objects with fewer visual 

details than controls, but spatial accuracy of drawings from memory was equivalent in the 

two groups (Bainbridge et al., 2020). Some researchers have also found a correlation between 

imagery strength as measured by the Vividness of Visual Imagery Questionnaire (VVIQ), 

and long-term memory for visual details (see Hanggi, 1989; McKelvie & Demers, 1979; 

Marks, 1973), while others have not found such an association (Chara & Hamm, 1989; 

Berger & Gaunitz, 1977). In the current study, we do not find support for the hypothesis that 

mental imagery vividness affects the precision of long-term memory, at least for colored 
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objects. This cannot be explained by unreliable measures. While we cannot rule out that there 

might be some connection, confidence intervals indicate that the association is unlikely to be 

strong. 

With these discrepancies between experiments on mental imagery vividness and its 

relation to other cognitive abilities, one might ask whether aphantasia and hyperphantasia 

exists in general. As noted above, aphantasics do tend to perform on the same level as 

controls in working memory tasks but are believed to recall less information about objects 

from long-term memory than controls. Neuroimaging studies on aphantasic individuals have 

provided the most convincing evidence for the existence of the phenomenon. Aphantasic 

patient MX (Zeman et al., 2010) showed similar network of brain activation during face 

perception as controls. In a face imagery condition, there was a noticeable difference between 

brain activation in MX and controls. MX showed decreased activation in posterior networks 

of regions, including bilateral fusiform gyri, inferior occipital gyri, calcarine sulci and 

superior temporal gyri. In contrast, MX showed greater activation in anterior regions, 

including bilateral inferior frontal gyri, the precuneus and the right anterior cingulate. These 

differences in brain activation during imagery in MX could have resulted from the surgery he 

underwent. However, Fulford et al. (2018) reported a very similar network of activation in 

healthy participants during a mental imagery task. 

One possible reason for the discrepancy between studies is that visual imagery could 

play a greater part in visual recollection rather than familiarity-based visual recognition. 

Recollection involves detailed conscious retrieval of specific information, including the 

context in which it was learned, while familiarity is more of a feeling that something has been 

experienced before (Dede et al., 2014). 

In the current study, participants were presented with a test object that they could 

continuously change in color. This could serve as a cue which would result in a feeling of 
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familiarity without requiring the conscious recollection of an object’s color. Participants 

could turn the color-wheel and stop when they “felt” that the color was familiar. Familiarity-

based judgments are suggested to be faster than recollection (Yonelinas, 2002). In the current 

study, participants were required to respond as accurately as they could without any time 

constrains. Future studies should consider testing both response accuracy and response time, 

requiring participants to respond as fast and as accurately as they can, and assessing whether 

memory precision on slow-response trials (assumed recollection) rather than fast-response 

trials (assumed familiarity-based judgments) are associated with visual imagery vividness.  

The results from response accuracy and response time could then be compared to responses 

that were only required to be accurate. Another option would be to ask participants to report 

details about specific object, for example: “What color was the dress?”, instead of presenting 

them with a grayscale test object that could be serving as a cue and prompting familiarity-

based judgment instead of recall. This method would possibly give similar results as was 

found in the study by Bainbridge et al. (2020), where they asked participants to draw from 

memory.  

There are some limitations to the current study. The first limitation considers the use 

of the VVIQ (Marks, 1973). The Icelandic translated version of the VVIQ was used for the 

first time in this experiment. While this Icelandic translated version of the VVIQ showed 

high internal reliability, the questionnaire has yet to be properly evaluated in terms of 

construct validity. A second limitation is that even though we did interview each participant 

about their mental imagery experiences, which we consider to be a valuable source of 

information in addition to the VVIQ, we did not include any objective mental imagery tasks. 

Future studies would benefit from including more objective measures of mental imagery. A 

third limitation of the current study is that we do not separate successful memory retrieval 

and random guessing, as often has been attempted in continuous report tasks by the use of 
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standard mixture models (Zhang & Luck, 2008; see e.g., Brady et al., 2013; Fresa & Rothen, 

2019; Richter et al., 2016). Successful memory retrieval is considered to manifest as errors 

normally distributed around the correct color, where a lower standard deviation of this 

distribution would indicate greater memory precision. Guesses would form a uniform 

distribution of errors, making the overall distribution of errors a mixture of a normal 

distribution and a uniform distribution (Zhang & Luck, 2008). However, Miner et al. (2020) 

now argue that memory does not vary on the dimensions of both precision and guess rate, but 

rather that performance can be solely explained by memory strength. Finally, a possible 

limitation is that we correlated mental imagery vividness and memory precision instead of 

looking for group differences based the extremes of visual imagery, e.g. aphantasics vs. 

hyperphantasics. Most participants in the current study had some visual mental imagery, 

varying from weak to strong. Only one participant had the lowest possible average score (1 = 

no image at all) on the VVIQ. There is a possibility that we would get a different result if 

more aphantasic people were recruited in the study.  

In the current study we tested whether mental imagery vividness was associated with 

accurately encoding and retrieving visual information from visual memory. We tested 

participants on memory precision in perception, working memory, and long-term memory of 

object color. Participants answered the Vividness of Visual Imagery Questionnaire (Marks, 

1973), which was used to assess participants’ visual mental imagery experience. No 

relationship between visual mental imagery vividness and memory precision was found. 

Further investigation is however needed for a sufficient conclusion about the relationship 

between memory precision and mental imagery vividness.  
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Appendix A 

1.  Hvar myndirðu setja sjálfa/n þig á hversu skýrt þú sérð fyrir þér eitthvað í huganum?  

• Ekkert? 

• Veikt? 

• Sæmilegt? 

• Mjög skýrt? 

o Geturðu reynt að lýsa þessu nánar hvernig þú upplifir þetta? 

2. Sérðu alla hluti eins fyrir þér í huganum? T.d. er jafnskýr myndin af gulum þríhyrning 

eins og myndin af vini eða vinkonu? Er eitthvað veikara eða skýrara? 

[Ef þau sjá ekkert eða veikt – að spyrja þá hvort það sé eitthvað sem þau geti náð upp 

mynd af, hvort það sé eins fyrir allt, eins og gulan þríhyrning eða vinkonu eða vini] 

3. Ef ég bið þig um að ímynda þér hest, geturðu lýst honum? 

• Er hann einhvern veginn á litinn? 

• Snýr hann í ákveðna átt? 

• Geturðu séð hann frá öðrum sjónarhornum? 

• Geturðu stækkað hann og minnkað? 

• Geturðu látið hann hlaupa? 

[Ef þau geta ekki lýst honum af því þau sjá enga mynd, ekki þá spyrja 

punktaspurninganna – spyrja frekar hvort það sé einhver partur sem þau gætu 

mögulega náð upp, faxi eða lit eða útlínur] 

4. Í verkefninu þar sem komu þrjár myndir í einu og síðan áttirðu strax að svara hver 

liturinn var á einni þeirra – hvaða aðferð notaðirðu til að reyna að muna hvernig 

ákveðinn hlutur var á litinn? 

5. Notaðirðu sömu aðferð til að muna litinn á hlutnum í verkefninu þar sem allar 

myndirnar birtust fyrst áður en þú áttir að segja frá litnum, eða þurftirðu að breyta 

aðferðinni? 

• Hvaða aðferð notaðirðu í staðinn?  

• Hvernig valdirðu litinn á hlutunum? Sástu hlutinn fyrir þér?  

• Fannst þér auðveldara að muna einhvern ákveðinn lit?  

• Fannst þér auðveldara að muna litinn á hlutnum ef hann var líkur litnum 

sem hluturinn er venjulega í eða þegar hann var öðruvísi á litinn?  

6. Hvenær heldurðu að þú notir það að geta séð fyrir þér í huganum? Einhverjar 

aðstæður sem þú veist að þú notar það í?  

[Ef þau sjá ekkert eða veikt að spyrja þá: Eru einhverjar aðstæður sem þú telur að væri 

nytsamlegt að geta séð fyrir sér í huganum?] 

7. Eitthvað annað sem þú vilt nefna sem gæti komið að notum? 

  



MENTAL IMAGERY AND MEMORY 

53 
 

Appendix B 

Vividness of visual imagery questionnaire (VVIQ) 

Reyndu að sjá hvert atriði á listanum fyrir þér í huganum og hugaðu vandlega að 

upplifuninni. Gefðu hverju atriði sem þú sérð fyrir þér stig á fimm punkta kvarðanum hér 

fyrir neðan eftir því hversu skýr ímyndin er. Ef engin mynd kemur upp í hugann skaltu meta 

skýrleika ímyndarinnar sem 1. Notaðu aðeins 5 stig fyrir myndir sem eru jafn skýrar og 

lifandi í huga þér eins og þú værir raunverulega að horfa á þær. Athugaðu að það eru engin 

rétt eða röng svör við spurningunum og að það er ekki endilega eftirsóknarvert að sjá myndir 

fyrir sér eða að þær séu sérstaklega skýrar. 

Fullkomlega skýr og greinileg eins og séð í raun og veru    5 

Skýr og allgreinileg         4 

Í meðallagi skýr og lífleg        3 

Óljós og dauf          2 

Alls engin mynd, þú bara „veist“ að þú ert að hugsa um atriðið   1 

Fyrir atriði 1-4 skaltu hugsa um einhvern ættingja eða vin sem þú sérð oft (en er ekki með þér 

á þessari stundu) og íhugaðu vandlega myndina sem kemur upp í huga þér.  

1. Nákvæmar útlínur af andliti, höfði, öxlum og líkama   ______ 

2. Einkennandi höfuðstelling, líkamsstaða o.s.frv.      ______ 

3. Nákvæmur líkamsburður, lengd skrefa o.s.frv., á göngu     ______ 

4. Hinir ýmsu litir á fötum sem viðkomandi klæðist gjarnan   ______  

Sjáðu fyrir þér sólarupprás. Íhugaðu vandlega myndina sem kemur upp í huga þér. 

5. Sólin rís yfir sjóndeildarhringnum á þokukenndum himni    ______ 

6. Himinninn verður heiðskýr og umkringir sólina bláma    ______ 

7. Ský. Stormur skellur á með þrumum og eldingum      ______ 

8. Regnbogi birtist          ______ 

Hugsaðu um framhlið á búð sem þú ferð oft í. Íhugaðu vandlega myndina sem kemur upp í 

huga þér. 

9. Heildarútlit búðarinnar þegar horft er á hana hinum megin götunnar    ______ 

10. Gluggaútstilling sem inniheldur liti, form og smáatriði  

hlutanna sem eru til sölu        ______ 

11. Þú ert nálægt innganginum. Sjáðu fyrir þér lit, form 

og smáatriði inngangsins      ______ 

12. Þú gengur inn í búðina og að afgreiðsluborðinu.  

Starfsmaður afgreiðir þig. Peningar færast frá einni 

hendi yfir í aðra         ______ 

Að lokum skaltu hugsa um landsvæði þar sem eru tré, fjöll og stöðuvatn. Íhugaðu vandlega 

myndina sem kemur upp í huga þér. 

13. Útlínur landslagsins     ______ 

14. Litur og lögun trjánna      ______ 

15. Litur og lögun stöðuvatnsins      ______ 

16. Sterkur vindur blæs á trén og stöðuvatnið þannig að vatnið bylgjast    ______ 

Tilvísun í enska útgáfu: Marks, D. F. (1973). Visual imagery differences in the recall of pictures. 

British Journal of Psychology, 64(1), 17-24. 
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