
Article Not peer-reviewed version

Imagined Assembly of Visual-Object

and Visual-Spatial Tasks of Different

Difficulty

Olesya Blazhenkova * , Tatyana Kotova , Alexey Kotov

Posted Date: 12 November 2024

doi: 10.20944/preprints202411.0887.v1

Keywords: imagery; mental visualization; object imagery; spatial imagery; mental simulation; art and STEM;

educational toys

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/3966776
https://sciprofiles.com/profile/4004411


 

Article 
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Abstract: This study investigates cognitive processes during imagined assembly of visual-object and visual-

spatial tasks across varying difficulty levels. We developed an Imagined Assembly Task showing visual-object 

and visual-spatial educational play materials and target outputs that can be made from those materials. 

Participants performed this task, visualizing assembly steps, reporting imagery distinctness, and counting 

mental steps, while also rating tasks’ educational value and at-attractiveness. They also reported their imagery 

skills and art- and STEM-related aptitudes. Results indicated that spatial tasks required fewer mental steps but 

did not differ in imagery distinctness from object tasks. Higher task difficulty led to increased mental steps and 

decreased imagery distinctness for both types, with spatial tasks showing greater declines in imagery 

distinctness. Spatial tasks were rated higher in educational value, linked to STEM, and expected to be more 

attractive to boys, especially at higher difficulty levels, while object tasks were associated with art education 

and rated as more attractive for girls. Participants with stronger object imagery skills showed fewer mental 

steps and greater imagery distinctness, while spatial imagery skills correlated with distinctness in spatial tasks. 

This research offers insights into object and spatial imagery processing, with implications for creating 

instructional tools across Arts and STEM domains. 

Keywords: imagery; mental visualization; object imagery; spatial imagery; mental simulation; art 

and STEM; educational toys 

 

1. Introduction 

1.1. Object vs. Spatial Imagery  

Mental visualization, or "visual imagery," refers to mentally representing and processing visual 

information without direct perceptual input. Visual imagery plays a crucial role in tasks ranging from 

everyday problem-solving to professional performance in fields such as visual arts, design, 

engineering, and science [1]. Research has documented significant individual differences in visual 

imagery abilities and experiences [2,3,4,5,6]. Object and spatial imagery are identified as distinct 

cognitive faculties that rely on different neural mechanisms, indicating they represent separate 

dimensions of visual processing. The dissociation between object and spatial imagery aligns with 

ventral (“what”) and dorsal (“where”) cortical streams in the visual system [7,8], suggesting that 

these pathways support distinct imagery faculties. Object imagery, like visualizing the face of a 

friend, relies on the ventral pathway, while spatial imagery, such as mental rotation, relies on the 

dorsal pathway. Damage to these brain pathways selectively impairs object or spatial imagery 

abilities, supporting the separation of object and spatial imagery systems [9].  

Research on individual differences in visual skills has distinguished between the two 

dimensions: object imagery, involving properties like color, shape, brightness, and texture, and 

spatial imagery, involving locations, spatial relations, and transformations [1, 10]. Kozhevnikov et al. 

identified two types of visualizers: object visualizers and spatial visualizers. Object visualizers excel 

in visualizing pictorial properties, while spatial visualizers excel in representing spatial relations. 

These differences are reflected in cognitive performance across multiple measures; for example, 
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object visualizers excel in tasks such as recognizing degraded objects, whereas spatial visualizers 

excel in tasks such as mental rotation. Object vs. spatial distinction also extends to cognitive styles, 

defined as consistent ways of acquiring and processing information [11]. Additionally, research 

reported that different types of imagery can be differentially recruited in object and spatial tasks, with 

variability in imagery experiences (e.g., subjective vividness) within individuals depending on task 

type. For example, research [12] examined imagery experiences elicited by reading visual-object 

versus visual-spatial texts. Participants rated higher their object imagery experiences (e.g., colors, 

textures, and details) during processing visual-object texts and rated higher their spatial imagery 

experiences (e.g., positions, movements) during processing visual spatial texts.  

Previous literature highlights differences between object and spatial imagery in terms of imagery 

characteristics (e.g., overall vividness, color and spatial experiences) and processing strategies (e.g., 

holistic vs. part-by-part). Interviews conducted with professionals in visual arts and science revealed 

notable differences in how these groups describe their mental imagery processes [1]. Visual artists 

tend to generate imagery holistically, beginning with an overall structure and general color scheme. 

In contrast, scientists describe their imagery construction as a step-by-step, sequential process, 

focusing on intentional, controlled, flexible, and transformable spatial images. Artists, however, 

perceive their object imagery as more persistent, but less controllable and transformable. Other 

studies using think-aloud protocols and eye-tracking during physics problem-solving support the 

link between spatial visualization ability, mental visualization processing characteristics, and spatial 

problem-solving efficiency [13]. 

Imagery abilities and styles are linked to academic and career specialization in science and art 

fields. Spatial imagery is associated with success in STEM [1,14,15]. Conversely, low spatial imagery 

correlates with challenges in STEM, mathematics learning disabilities, poor spatial orientation, and 

motor coordination difficulties [16,17,18]. Object imagery relates to artistic creativity, while spatial 

imagery aligns with scientific creativity [19]. Studies with gifted adolescents also highlight 

distinctions in creative processes and outputs in art, science, and humanities, reflecting differences 

in object versus spatial visualization [20,21]. Remarkably, imagery can be used to simulate a 

potentially observable process, such as in mental simulations or thought experiments. It is often 

reported as a valuable tool for fostering creativity in the fields of science and art. This visualization 

process allows individuals to perform mental manipulations, leading to novel insights and 

innovative solutions in both domains [22,23]. 

Further, research shows that visual-spatial skills in early childhood can be developed through 

play activities that enhance spatial awareness, reasoning, and imagery [24]. Manipulative toys are 

known to support children's development of diverse visualization skills by engaging them in hands-

on exploration and creative construction activities. Studies consistently link spatial play, such as 

building blocks and puzzles, with improved spatial visualization abilities, like mental rotation and 

transformation [25,26,27]. Experimental work also suggests that construction play can causally 

enhance spatial skills [28]. However, past research has often focused exclusively on spatial play and 

its connection to spatial visualization, leaving non-spatial visual skills and diverse play preferences 

less explored [29]. Recent findings [30] indicate a dissociation between preferences for visual-object 

play (e.g., drawing, crafting) and visual-spatial play (e.g., construction toys), which align with 

dissociation in object versus spatial visualization abilities and respective aptitudes in art and science. 

Notably, while females showed a preference for visual-object play and males for visual-spatial play, 

the structure of these preferences was similar across sexes, suggesting these differences are not solely 

due to gender. 

While previous research has distinguished object and spatial imagery abilities and their links to 

performance in arts and STEM domains, less is known about how these skills operate and their 

processing-related characteristics. One problem that limits our understanding of the mechanisms 

differentiating visual-object and visual-spatial imagery, is related to the existing imagery 

assessments. That is, object imagery tends to be measured via self-reports, while spatial imagery is 

more frequently measured with performance tests [31]. Prior studies often lack an exploration of 

object and spatial visualization characteristics using comparable visual-object and visual-spatial 
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tasks. Additionally, phenomenological experience of imagery is often assessed solely on vividness 

scales, while other approaches are rare. Moreover, previous research rarely simultaneously addresses 

both the social and cognitive aspects of imagery, which limits its applications in educational and 

psychometric contexts. 

1.2. Present Study 

Our study aimed to contribute to understanding how the mental imagery processes differ 

between visual-object and visual-spatial tasks, especially under different levels of difficulty. In our 

research, we developed the Imagined Assembly Task, where participants were shown images of 

creative materials and a target output, and were asked to mentally visualize the step-by-step 

assembly process without physically constructing anything. This required participants to mentally 

simulate the assembly process rather than engage in hands-on building, while recording their 

imagery vividness and counting each step in creating the final product from the provided materials. 

The current study examined subjective visualization processes in visual-object and visual-spatial 

imagery tasks at different difficulty levels. It investigated how participants visualize the assembly 

process, assessing the number of mental steps and vividness of mental imagery. 

Besides, we investigated how individual differences — such as object and spatial imagery skills 

and aptitudes in art and STEM fields—relate to visualization processes during the imagined assembly 

of object vs. spatial tasks.  

Finally, our research aimed to address both cognitive and social aspects that are often treated 

separately, providing insights for design of imagery tasks in educational and psychometric 

applications. We explored the perceptions of the educational purpose and attractiveness of object and 

spatial tasks, including their attractiveness for boys versus girls, and examined how these perceptions 

might vary by task type and difficulty.  

2. Materials and Methods 

2.1. Participants 

Two hundred and forty-four participants from Turkey and Russia completed our online survey. 

Of these, 196 participants completed 100% of the survey, while 48 had partial completion. As our 

primary measure, the Imagined Assembly Task, consisted of multiple trials presented in a random 

order, we retained partial data from participants who completed the first part of the survey (imagery 

questionnaires) and at least three trials of the Imagined Assembly Task. The final data set included 

156 participants from Turkey (105 females, 51 males, aged 18-34 years) and 88 participants from 

Russia (58 females, 30 males, aged 18-69 years). The survey was available in English (Turkish 

participants were university students with English as the language of instruction) and Russian. 

Survey completion took approximately 60-90 minutes. Participants received course credit or 

participated voluntarily. The study was approved by the institutional ethics board, and all 

participants provided their consent. 

2.2. Assessments and Measures 

2.2.1. Object-Spatial Imagery and Verbal Questionnaire (OSIVQ) 

OSIVQ [32] is a self-report instrument measuring individual differences in object imagery, 

spatial imagery, and verbal skills. The object imagery scale assesses cognitive styles and skills related 

to processing colorful, pictorial, and vivid object representations; the spatial imagery scale assesses 

skills related to processing spatial relations and transformations; and the verbal scale assesses skills 

related to language use. Participants rated their agreement with 45 statements assessing object (e.g., 

“My images are very colorful and bright”), spatial (e.g., “My images are more like schematic 

representations of things and events”), and verbal (e.g., “When explaining something, I would rather 

give verbal explanations than make drawings or sketches”) dimensions on a 5-point Likert scale (1 = 

Totally disagree, 5 = Totally agree). Cronbach’s α for the object, spatial, and verbal scales are .83, .79, 
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and .74, respectively [32]. Later we refer to these scales as Object imagery skills, Spatial imagery skills, 

and Verbal skills.  

2.2.2. Aptitudes in Different Domains 

Participants evaluated their abilities in different specialization domains on a scale from 1 to 5 (1 

= very poor; 5 = extraordinary): 1) Visual art, design, realistic drawing with color; 2) Physics, math, 

computer programming, engineering; 3) Writing, history, philosophy, literature. This 3-item measure 

has been used in previous studies and has shown associations with measures of object and spatial 

imagery, verbal skills, and play [30,33]. Later we refer to these measures as Art aptitude, STEM 

aptitude, and Humanities aptitude.  

2.2.3. Imagined Assembly Tasks 

This task was created to measure visual-object and visual-spatial mental visualization processes. 

Participants were presented with 90 stimuli depicting visual assembly tasks using educational toys. 

These stimuli represented 15 visual-object tasks (Object tasks) and 15 visual-spatial tasks (Spatial tasks), 

each with 3 versions, at 3 levels of difficulty. The different types of tasks were designed based on 

previous literature [32] describing object vs. spatial processing differences, i.e., in terms of visual-

object (e.g., color and texture) and visual-spatial (e.g., spatial relations and motion) visual 

characteristics. The complexity manipulation was achieved by progressively increasing the number 

of details and actions required to perform the task, ranging from the easiest level (L1) to the medium 

level (L2), and then to the hardest level (L3). Each stimulus consists of an image representing creative 

materials along with the target output to be made from these materials (see examples in Figure 1). 

The stimuli are available on OSF [34]. 

Notably, these stimuli were previously developed in a field edutainment study [35], where 

children received manipulative materials such as educational toys (e.g., painting sets or mechanical 

construction kits) along with step-by-step visual instructions and were asked to physically construct 

the given outputs from the provided materials. In the current study, only the first image, showing 

the materials, and the final image, showing the completed creative output, were included, while the 

step-by-step visual instructions were omitted. 
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(a) (b) 

Figure 1. Stimuli used in the Imagined Assembly Task: (a) Visual-object; (b) Visual-spatial. 

For each stimulus block, participants were asked to mentally assemble the specific target output 

from the shown materials. All 90 stimulus blocks (45 Object tasks, 45 Spatial tasks, with 15 stimuli at 

each Difficulty Level) were presented in random order, but the questions within each block followed 

the sequence described below: mental assembly while counting steps, imagery clarity and 

distinctness rating, questions about the educational value and attractiveness of the play task. 

Mental Steps Count. Participants were instructed: “Imagine (visualize in your mind) the step-by-

step process of making this creative output (last image) from the provided materials (first image). 

While imagining, mentally count the steps needed to create this output,” and to “Write below the 

number of steps.” They entered their answer in the textbox below the image on the same page. To 

allow for natural variation in mental assembly, we deliberately chose not to define what a "step," 

leaving the interpretation up to each individual. This approach lets participants decide how to 

segment the assembly process based on their own mental strategies.  

Imagery Clarity and Distinctness. After visualizing the process, the next page, participants viewed 

the same stimulus again as a reminder and were asked to evaluate their mental imagery vividness: 

“Evaluate on a 1-5 scale the clarity and distinctness of your visual imagery for the process of creating 

this output from the provided materials,” with the following scale: 1 = 'Nothing at all, you only know 

that you are thinking about it'; 2 = 'Vague and indistinct'; 3 = 'Moderately clear and distinct'; 4 = 'Clear 

and distinct'; 5 = 'Perfectly clear and distinct, just like you are really seeing it.' The current scale was 

modified from the Vividness of Visual Imagery Questionnaire [5] and replaced ‘vivid’ with ‘distinct’. 
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As ‘vividness’ was found to be associated more with object rather than spatial imagery [33], we 

expected that ‘distinct’ could apply better to both object and spatial imagery. This modified scale was 

previously used [12] for assessing imagery evoked by object and spatial descriptions. Below, we refer 

to this measure as distinctness.  

Educational Value in Different Domains (Art and STEM). Next, participants were asked to evaluate 

the play tasks using a Likert scale (1 = ‘Strongly disagree’; 8 = ‘Strongly agree’). They responded to 

the question: “This task develops children's abilities in…” separately for “visual art (drawing skills, 

aesthetic taste, sense of beauty)” and “STEM (science, technology, engineering, and mathematics).”  

Attractiveness for Different Genders (Girls and Boys). Finally, using the Likert scale (1 = ‘Strongly 

disagree’; 8 = ‘Strongly agree’), participants answered: “This task would be preferred by a…” 

separately for “girl” and “boy.”  

3. Results 

As the results from the two cultural samples revealed highly consistent patterns (see Appendix 

A, Figure A1), below we report the data from the combined dataset (shared at OSF [34]). 

3.1. The Effects of Difficulty Level and Task Type on Cognitive Imagery Processes  

3.1.1. Mental Steps Count 

The repeated measures analysis was conducted on mental steps count across Difficulty Levels 

(L1, L2, and L3) and Task Types (Object and Spatial), see Figure 2. Sphericity was violated for 

Difficulty Level variable and interaction, so a Greenhouse-Geisser correction was applied.  

The analysis revealed significant effects of Difficulty Level, F(1.491, 337.004) = 35.903, p < .001, η² 

= .137. Pairwise comparisons showed significant differences in mental steps counts between each 

Difficulty Level (all p ≤ .001), confirming that our L1-L2-L3 tasks progressively increased the number 

of mental steps required for mental assembly. This data verifies that our Imagined Assembly tasks, 

designed to represent three levels of difficulty, were indeed perceived as such.  

Additionally, there was a main effect of Task Type, F(1, 226.000) = 14.848, p < .001, η² = .062, with 

Object tasks involving more steps overall.  

No interaction effect between Difficulty Level and Task Type was found, F(1.257, 284.117) = 

1.471, p = .231, η² = .006, indicating that the difficulty-related increase in mental steps count was 

consistent across both Object and Spatial tasks. 

 

Figure 2. Mean Mental Steps Count for Object and Spatial tasks at different Difficulty Levels. Error 

bars indicate confidence intervals (CIs). 
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3.1.2. Imagery Distinctness 

The repeated measures analysis was conducted on distinctness ratings across Difficulty Levels 

(L1, L2, and L3) and for different Task Types (Object and Spatial), see Figure 3. Sphericity was 

violated for Difficulty Level variable, so Greenhouse-Geisser correction was applied.  

The analysis revealed significant effects of Difficulty Level, F(1.706, 390.646) = 164.623, p < .001, 

η² = .418. Pairwise comparisons showed significant differences in distinctness between each difficulty 

level (all p ≤ .001), confirming that our L1-L2-L3 tasks progressively decreased the subjective imagery 

distinctness of mental assembly process.  

There was no effect of Task Type, F(1, 229) = 0.010, p = .920, η²< .001. The distinctness of the Object 

and Spatial tasks did not differ.  

The interaction effect between Difficulty Level and Task Type was significant, F(2, 458) = 26.554, 

p < .001, η² = .104, indicating that the difficulty-related decrease in distinctness was more pronounced 

for Spatial tasks. 

 

Figure 3. Mean Distinctness ratings for Object and Spatial tasks at different Difficulty Levels. Error 

bars indicate confidence intervals (CIs). 

3.2. The Effects of Difficulty Level and Task Type on Educational Value and Attractiveness 

3.2.1. Educational Value in Art and STEM Domains 

The repeated measures analysis was conducted on educational value ratings across Difficulty 

Levels (L1, L2, and L3), for different Task Types (Object and Spatial), and Educational Domain (Art 

and STEM) (see Figure 4, and Figure A1 in Appendix). The assumption of sphericity was not violated. 

The effect of Difficulty Level, F(2, 458) = 29.907, p < .001, η² = .116, indicated that perceived 

educational value overall increased with Difficulty Level. Significant differences were only observed 

between all the levels, pairwise (all p < .001). 

The effect of Task Type, F(1, 229) = 40.501, p < .001, η² = .150, showed that Spatial tasks were rated 

as having higher educational value than Object tasks. 

The effect of Educational Domain, F(1, 229) = 40.154, p < .001, η² = .149, revealed that evaluations 

of our tasks in terms of their educational value were higher for Art Domain. Although this finding 

may seem unexpected, it could be explained by the significant interaction effects (i.e., low educational 

value of Object tasks in STEM domain considerably decreased the overall evaluations for STEM 

domain). 

The interaction between Educational Domain and Task Type, F(1, 229) = 907.055, p < .001, η² = 

.798, indicated that in the Art domain, Object tasks were consistently rated higher in its education 

value than Spatial tasks, suggesting that Object tasks are more strongly associated with developing 
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abilities in Art. In contrast, in the STEM domain, Spatial tasks received higher ratings than Object 

tasks, indicating a stronger association of Spatial tasks with skill development in STEM.  

The interaction between Difficulty Level and Educational Domain, F(2, 458) = 6.720, p = .001, η² 

= .029, showed that in the Art domain, educational value ratings increased very slightly, while in the 

STEM domain, ratings increased more with higher difficulty levels. 

The interaction between Difficulty Level and Task Type, F(2, 458) =2.790, p = .062, η² = .012, 

revealed a similar pattern, i.e., educational value ratings for Spatial task increased more as Difficulty 

Level increased, however this effect did not reach significance. 

The 3-way interaction, F(2, 458) = 8.817, p < .001, η² = .037, demonstrated that the effect of task 

Difficulty Level on perceived educational value varied by both Task Type and Educational Domain. 

Specifically, while Object tasks were perceived as more effective for developing abilities in Art, 

Spatial tasks were seen as more effective for STEM, with educational value ratings increasing with 

Difficulty Level only for Spatial tasks within the STEM domain. 

 
(a) (b) 

Figure 4. Mean Educational Value ratings for Object and Spatial tasks at different Difficulty Levels: 

(a) Art educational domain; (b) STEM educational domain. Error bars indicate confidence intervals 

(CIs). 

3.2.2. Attractiveness for Girls and Boys  

The repeated measures analysis was conducted on preference (attractiveness) ratings across 

Difficulty Levels (L1, L2, and L3), Task Types (Object and Spatial), and Genders (Boys and Girls), as 

shown in Figure 5 (see also Figure A1 in Appendix). Mauchly's test for sphericity showed, violations 

of sphericity (Difficulty Levels variable and interactions with), thus Greenhouse-Geisser corrections 

were applied.  

The effect of Difficulty Level, F(2, 418.928) =.463, p = .630, η² = .002, was not significant.  

The effect of Task Type, F(1, 229) = 1.912, p = .168, η² = .008 was also not significant.  

The effect of Gender, F(1, 229) = 5.865, p = .016, η² = .025, indicated that higher tasks attractiveness 

was expected for Boys’ preferences.  

The interaction between Gender and Task Type, F(1, 229) = 322.581, p < .001, η² = .585, indicated 

that Boys were expected to have a higher attractiveness for Spatial tasks over Object tasks. Vise versa, 

that Girls were expected to have a higher attractiveness for Object tasks over Spatial tasks.  

The interaction between Difficulty Level and Gender, F(2, 415.577) = 4.775, p = .009, η² = .020, 

indicated that Boys were expected to prefer the higher difficulty levels, while girls were expected to 

prefer easier tasks.  
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The interaction between Difficulty Level and Task Type, F(1, 456.887) = 2.796, p = .062, η² = .012, 

was not significant.  

The 3-way interaction, F(1, 443.726) = 8.095, p < .001, η² = .034, showed that the effect of Difficulty 

Level on expected attractiveness ratings varied by both Task Type and Gender. While Object tasks 

were perceived as more attractive for Girls than for Boys, Spatial tasks were perceived as more 

attractive for Boys than for Girls. Additionally, attractiveness ratings for Spatial tasks increased with 

difficulty level only for Boys, whereas for Girls, a slight downward trend in attractiveness ratings 

was observed as difficulty increased. 

 
(a) (b) 

Figure 5. Mean Attractiveness ratings for Object and Spatial tasks at different Difficulty Levels: (a) 

Expectations for Boys; (b) Expectations for Girls. Error bars indicate confidence intervals (CIs). 

3.3. Correlations Between Individual Differences Measures and Imagined Assembly Task Cognitive 

Processing Measures. 

Given that some of our variables exhibit excessive skewness and kurtosis, we used Spearman's 

correlation for analyzing the relationships among variables. Intercorrelations between individual 

differences measures and our task processing-related measures are presented in Table 1.  

Table 1. Intercorrelations between individual differences and Imagined Assembly Task measures. 

Measures N 1 2 3 4 5 6 7 8 9 10 

1. OSIVQ-object  244 1,000          

2. OSIVQ-

spatial 

244 
-,074 1,000         

3. OSIVQ-verbal 244 ,148* -,204** 1,000        

4. Aptitude Art  244 ,256** -,005 -,029 1,000       

5. Aptitude 

STEM 

244 
-,170** ,466** -,102 -,072 1,000      

6. Aptitude 

Hum. 

244 
,194** -,368** ,504** ,181** -,235** 1,000     

7. Steps object 243 -,183** -,030 -,079 -,115 -,030 -,002 1,000    

8. Steps spatial 243 -,129* -,009 -,034 -,045 ,007 ,036 ,820** 1,000   

9. Distinct object 244 ,310** ,015 ,002 ,161* -,021 ,041 -,271** -,226** 1,000  

10. Distinct 

spatial 

244 
,138* ,197** -,084 ,035 ,179** -,151* -,159* -,164* ,718** 1,000 

Steps object L1  238 -,174** -,023 -,046 -,074 -,028 -,010 ,937** ,822** -,258** -,150* 
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Steps object L2 239 -,162* -,043 -,064 -,092 -,038 ,022 ,975** ,807** -,240** -,133* 

Steps object L3 239 -,174** -,011 -,114 -,103 -,051 -,027 ,956** ,785** -,299** -,193** 

Steps spatial L1  237 -,101 ,000 -,045 ,011 -,007 ,027 ,767** ,892** -,200** -,160* 

Steps spatial L2 235 -,148* -,009 -,019 -,011 -,033 ,058 ,782** ,925** -,247** -,195** 

Steps spatial L3 237 -,105 -,018 -,029 -,038 -,007 ,050 ,813** ,955** -,208** -,188** 

Distinct object 

L1  
239 ,313** ,011 ,042 ,134* -,042 ,076 -,282** -,211** ,942** ,685** 

Distinct object 

L2 
241 ,286** ,001 -,009 ,131* -,003 ,015 -,290** -,238** ,966** ,727** 

Distinct object 

L3 
241 ,285** ,016 -,010 ,192** -,012 ,043 -,194** -,183** ,957** ,693** 

Distinct spatial 

L1  
238 ,158* ,172** -,095 -,014 ,136* -,156* -,122 -,144* ,706** ,922** 

Distinct spatial 

L2 
236 ,147* ,186** -,094 ,062 ,155* -,111 -,169** -,173** ,721** ,973** 

Distinct spatial 

L3 
238 ,134* ,227** -,103 ,065 ,199** -,170** -,130* -,161* ,686** ,943** 

Note. ** p < .001 (two-tailed), * p < .05 (two-tailed). 

The OSIVQ-object scale correlated positively with Art aptitude and, to a lesser extent, with 

humanities aptitude, while it negatively correlated with STEM aptitude. In contrast, OSIVQ-spatial 

showed a positive correlation with STEM aptitude and a negative correlation with humanities 

aptitude. OSIVQ-verbal was highly and positively associated with correlation with humanities 

aptitude.  

Furthermore, the OSIVQ-object scale correlated negatively with the mental steps count for Object 

tasks, a trend also evident at each difficulty level. A similar, though weaker and inconsistent, pattern 

was observed for correlation between the OSIVQ-object scale and mental steps count for Spatial tasks. 

Furthermore, OSIVQ-object positively correlated with the distinctness of mental visualization during 

Object tasks, which was consistent across all difficulty levels, and to a lesser degree with imagery 

distinctness for Spatial tasks.  

Neither OSIVQ-spatial nor OSIVQ-verbal correlated with mental steps counts for either Object or 

Spatial tasks. At the same time, OSIVQ-spatial was uniquely related to the distinctness of mental 

visualization during Spatial tasks, consistent across all difficulty levels. Similarly, STEM aptitude 

positively correlated with distinctness ratings of Spatial tasks at all difficulty Levels. OSIVQ-spatial 

imagery, however, was not associated with distinctness ratings of Object tasks, suggesting that spatial 

imagery skills may represent a more isolated cognitive ability. Moreover, spatial and verbal measures 

appeared to be negatively related: OSIVQ-verbal was negatively associated with both OSIVQ-spatial 

imagery and distinctness ratings of Spatial tasks. Humanities aptitude also negatively correlated with 

distinctness ratings of Spatial tasks across all difficulty levels. 

Various measures of mental step count consistently correlated negatively with various 

distinctness measures, suggesting that clarity and distinctness of mental representation decline as 

task difficulty increases.  

4. Discussion 

Our study employed the Imagined Assembly Task to examine the effects of task type and 

difficulty level on imagery processes, measured through subjective mental steps count and imagery 

distinctness ratings. Notably, consistent patterns emerged in two independent samples from different 

cultures (Appendix B, Figure B1), adding robustness to our findings.  
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4.1. The Influence of Task Type and Difficulty Level on Imagery Processes 

4.1.1. Difficulty Level 

Our results showed that as Imagined Assembly Task became more difficult, the number of mental 

steps increased. This data supports our task difficulty manipulation, demonstrating that as imagined 

assembly becomes more challenging, more mental steps are required for completion. It also suggests 

that the segmentation of a visual process performed in imagery may serve as an estimate of cognitive 

effort related to difficulty. 

The segmentation of experiences and defining events’ boundaries comes naturally to humans 

during perception of events [36,37]. Most of the segmentation studies used paradigms where an event 

was segmented during perceiving it (e. g., while watching video). In our study, however, the process 

occurred in mental imagery, which contributes to this literature and shows that experiencing a visual 

assembly process in imagery resembles perceptual experience. Besides, our data aligns with 

experiments showing that imagery processing time (e.g., mental scanning time) is linearly increasing 

with increasing distances or stimuli complexity, similar to perception [2]. For example, mental 

rotation of three-dimensional objects takes more time when the object must be rotated at a greater 

degree [38]. Our data indicate that imagined action resembles physical activity, supporting depictive 

view of imagery, and suggesting that information in visual imagery is represented in similar format 

with visual perception.  

Furthermore, we found that as Imagined Assembly Task became more difficult, the distinctness of 

the mental imagery declined. Similarly, other studies reported that vividness of imagery declines as the 

complexity and number of stimuli increases [12], suggesting that there are capacity limits in imagery, 

similar to those in working memory [39,40]. Other studies also showed that vividness ratings may 

decrease in case of competition for the limited WM resources [41].  

4.1.2. Task Type 

Our results revealed that object tasks involved overall higher mental step count than spatial tasks. 

Since step count increased with task difficulty, this may indicate a higher complexity of object tasks 

compared to spatial tasks. This increased complexity could be due to greater visual richness of object 

imagery, requiring participants to mentally attend to multiple pictorial details and more mental 

rehearsal, resulting in segmentation of the imagined assembly process in more steps. Interestingly, 

however, despite involving more steps, the clarity and distinctness of object and spatial tasks did not differ 

significantly. 

The higher mental step count for object tasks could be due to other factors, yet to be investigated. 

One explanation is that object task could be more time consuming, but not necessarily more difficult 

than spatial task. This increased time may relate to object tasks demanding fine motor skills and 

specific manipulative actions with materials, like using tools (e.g., brushes or scissors) or modifying 

materials (e.g., mixing colors or molding clay), compared to spatial tasks that typically involve 

rotating and connecting given parts. Observations during our field edutainment study [35] support 

this idea, as object tasks appeared more time-consuming than spatial tasks, with more time devoted 

to manipulation with tools requiring manual dexterity. As imagined activity resembles real-world 

physical actions [2,38], time to perform mental assembly may increase for more time-consuming tasks 

that occur in real world, leading to more segmented mental processing steps in object tasks. 

Manipulation of materials (such as cutting or painting) in object tasks may lead participants to 

mentally rehearse each step, increasing segmentation. Additionally, the greater diversity of materials 

and possible actions in object tasks may create more ambiguity in segmentation criteria, potentially 

resulting in higher counts of mental steps. Our study highlights the need for future research to 

examine potential differences in mental segmentation and compression rates during object and 

spatial imagery processing. 

Fewer step counts for spatial tasks compared to object tasks may also relate to the processing 

costs associated with counting and the differential effects of interference on object versus spatial 

tasks. Specifically, the conscious effort of segmentation and simultaneously counting each mental 
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step during mental assembly may be more detrimental for spatial tasks. Counting and spatial 

visualization may rely on similar resources, causing more interference. Participants may prioritize 

the spatial task's performance over counting, leading to fewer counted steps. In contrast, updating 

the count with each step during object tasks may be easier to combine with mental assembly, as these 

processes draw on more distinct cognitive resources. This reduces interference, resulting in more 

counted steps (with fewer steps missed). Alternatively, it is possible that interference in spatial tasks 

is not detrimental, but instead counting might aid spatial visualization, leading to fewer steps due to 

more efficient processing. To overcome counting-related effects, future studies might consider using 

a button-pressing procedure, a technique often used in event segmentation research [36]. 

4.1.3. Difficulty Level * Task Type 

The increase in mental steps count with task difficulty was consistent across both object and spatial 

tasks, suggesting that this effect applies similarly to both types of imagery. At the same time, difficulty-

related declines in distinctness were more pronounced for spatial than for object tasks.  

The faster decline in distinctness for spatial tasks as difficulty increases suggests that spatial 

imagery could be more susceptible to cognitive load than object imagery. One possible explanation 

is that object imagery may benefit from holistic processing, encoding visual information as a single 

unit [10]. Thus, the distinctness of object tasks may remain relatively stable despite the complexity, 

whereas spatial tasks involve more sequential part-by-part processing are more affected by 

additional load. This reliance on sequential processing in spatial tasks may cause interference when 

difficulty increases. Possibly, spatial tasks rely more heavily on working memory resources to 

manage the relations among elements, which are vulnerable to overload as task complexity increases, 

resulting in distinctness declines. Conversely, object imagery might rely more on long-term memory 

resources, which may support stable vividness despite increasing complexity.  

Besides, we observed negative correlations between mental steps count and distinctness ratings 

across object and spatial tasks, which may indicate that higher complexity impairs the distinctness of 

mental representations. However, these negative correlations between steps count and 

distinctiveness were higher for object imagery, regardless difficulty levels. This, again, indicates the 

number of mental steps, though sensitive to our manipulated tasks’ difficulty, may not necessarily 

directly reflect increased cognitive load, and could be affected by other factors. It could be some 

mechanism that would protect from subjective vividness decline by adding more mental steps. That 

is, more frequent updating during object processing would result in addicting more steps, which 

could be adaptive to maintain a clear and vivid mental image over time. 

Our findings highlight how task type and difficulty affect mental imagery. Further research is 

needed to investigate the cognitive mechanisms underlying these effects, especially the distinct ways 

that task complexity and influence object and spatial visual imagery vividness and segmentation. 

4.2. Individual Differences in Imagery and Imagery Processes 

Our study identified several significant associations among individual differences and the 

Imagined Assembly Task processing measures. Visual-object skills were positively correlated with the 

clarity and distinctness of imagery for object tasks. This finding aligns with expectations, given the 

overlap in the constructs being measured (all related to object processing). At the same time, object 

skills also correlated, though to a lesser degree, with distinctness of imagery for spatial tasks. Similarly, a 

positive association was found not only between object imagery skills (also assessed by OSVIQ-object 

scale) and object imagery distinctness but also between object imagery skills and spatial imagery 

distinctness, albeit to a lesser extent [42]. It is possible that realistic visualizing details, including 

spatial ones, is supported by object imagery processing, therefore individuals with greater object 

imagery skills have more clear and vivid representations during visualization for either type of tasks, 

though with a greater advantage for object tasks. Notably, in the current study we also found the 

relationship between distinctness ratings for object and spatial tasks, suggesting that quality of 

imagery experience is a relatively stable individual trait. In line with these findings, object and spatial 

vividness, while being dissociated into separate dimensions, showed some common variance [33]. 
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Our results demonstrated a negative correlation between object imagery skills and the number of mental 

steps in object tasks, and to a lesser degree, with mental steps counts in spatial tasks. Possibly, these 

associations reflect more efficient chunking of visual information in those with enhanced visual-

object skills. The correlation between visual-object skills and fewer mental steps for object tasks 

suggests that individuals with stronger object imagery skills may employ more holistic processing. 

This strategy likely allows them to process object tasks as more unified wholes, reducing the need for 

a fine segmentation. Such a holistic strategy in individuals with high object imagery skills may also 

generalize, though to a lesser extent, to spatial tasks. Indeed, previous studies reported that 

individuals with strong object imagery skills tend to encode and process images holistically, as a 

unified perceptual whole, while those with high spatial imagery skills process images analytically, 

and constructing them incrementally, part by part [1,10]. We also found negative correlations 

between imagery distinctness (primarily for object tasks) and the number of mental steps (for both 

object and spatial tasks). This pattern suggests that more vivid and distinct object imagery may 

enhance processing efficiency across tasks, but more for object tasks. Notably, mental steps count for 

object and spatial tasks were also highly correlated with each other, likely indicating a general 

approach to mental segmentation across the tasks. As our object and spatial tasks were presented in 

multiple intermixed trials, the processing strategies reflected in mental steps counts and distinctness 

ratings, could have transferred from one task to another.  

Additionally, we found object imagery skills positive correlation with art aptitude, and a weaker link 

with humanities aptitude, as well as between visual-spatial skills and STEM aptitude. Therefore, individual 

differences in object imagery, spatial imagery, and verbal skills were associated with corresponding 

abilities in different specialization domains. These results are consistent with previous literature 

[33,1,43,30], supporting the distinction between object imagery and spatial imagery, and highlighting 

that domains requiring artistic and technical thinking require different profiles of visual and verbal 

skills.  

While object imagery skills were associated with both task processing measures (mental step 

count and imagery distinctness), art aptitudes were related to imagery distinctness ratings for object tasks, 

but unrelated to mental steps counts. For spatial imagery though, both visual-spatial skills and STEM 

aptitudes were related to imagery distinctness for spatial tasks, but both unrelated to mental steps 

counts. The observed pattern of correlations indicates that individual differences in visual-spatial 

information processing may represent more isolated ability, likely supported by more specialized 

cognitive faculties.  

4.3. Educational Value and Expected Attractiveness for Different Genders 

The findings of our study reveal important insights into the expected educational value and 

attractiveness of object and spatial tasks of different difficulty, particularly concerning gender 

expectations. Notably, our results appeared to be generally consistent between male and female 

participants (see Appendix C, Figure C1).  

Consistent with previous literature [1,14,15], spatial tasks were perceived as developing skills in 

STEM, while object tasks were more associated with developing abilities in Art. These results validate our 

Imagined Assembly Task in the context of related educational fields. Overall, the tasks were rated 

more favorably in terms of their educational value with increasing difficulty, indicating a connection 

between cognitive effort and skill acquisition, but this was true mostly for spatial tasks and for STEM 

domain. Possibly, in the Art domain, educational value ratings remain fairly stable across difficulty 

levels since in this domain the complexity per sei does not make art more valuable, and instead 

simplicity may reflect an expertise.  

Unlike educational value, the expected attractiveness of tasks did not depend on the difficulty level, 

but did interact with gender. Boys were expected to prefer more difficult tasks, while girls were 

expected to have decreased preferences with increasing task difficulty. We did not find differences in 

attractiveness of object vs. spatial tasks, but again, found differences depending on gender. Spatial tasks 

were viewed as more attractive for boys, while girls were expected to have relatively reduced overall 

interest in our tasks compared to boys, and more preferences for object tasks. The present research 
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contributes to literature on sex differences in visual-spatial skills and play preferences. Previous 

studies have shown females tend to outperform males in object imagery abilities and tend to prefer 

visual-object and verbal play activities, whereas males tend to excel in spatial imagery tasks and show 

a preference for visual-spatial play activities [1,44]. Children's gender-specific play preferences have 

been linked to their differences in visual and verbal processing abilities [30,24,45], as well as to their 

subsequent educational preferences and career choices in the art and STEM fields. Relatedly, 

previous literature raises the concerns that females are underrepresented in STEM fields [46], which 

at least in part could be due to parental expectations and social demands.  

While general direction of task preferences expected for girls and boys align with other literature 

on toy preferences, our data showed almost symmetrically opposite patterns for boys in girls. Other 

studies, however, debate the degree of variety in toy preferences for girls vs. boys. For example, 

Sutton-Smith and Rosenberg [47] in their review of historical shifts in play preferences, suggested 

that the broadening of girls' preferences for traditionally male-typed play may have led to a 

restriction in boys' preferences over time, potentially limiting their exposure to object-oriented play. 

However, during the field edutainment study [35], boys were actually engaged with both types of 

tasks, indicating a broader variety of preferences, while girls preferred mostly object tasks. This could 

be due to the characteristics of our tasks (we chose gender-neutral items like fish, leaf, house, or 

abstract constructions rather than dolls or guns) or due to the social setting (children were 

encouraged to choose freely and selected tasks individually with minimal peer pressure). The 

attractiveness of object vs. spatial toys for boys and girls may be flexible and potentially influenced. 

For example, the toy industry (e.g., Lego) offers gender-neutral themes in construction sets or makes 

spatial toys with characters and colors appealing to both boys and girls. Our findings have 

implications for providing a variety of visual-object and visual-spatial play options and educational 

activities that foster different visual skill development across genders. Indeed, research has 

documented gender differences in access to toys that foster the development of visual-spatial skills 

[48]. Studies show that children’s gender-typed toy preferences are shaped by parental and cultural 

practices [49,50,51]. 

In our study, object tasks were rated as more attractive for girls than for boys, the attractiveness 

ratings for these tasks remaining relatively consistent across all difficulty levels. Spatial tasks were 

perceived as more attractive for boys, with increasing attractiveness ratings at higher difficulty levels. 

That is, the most difficult tasks were expected to be more attractive only for boys, while for girls 

overall the decrease in preference was with increasing task difficulty. This suggests that more 

challenging tasks may be appealing, however, this applies only to the spatial domain and is mostly 

expected from boys. Our finding emphasizes the need to consider gender differences when designing 

tasks of varying difficulty levels to optimize engagement and educational effectiveness. 

4.4. Applications  

The Imagined Assembly Task used in our research has shown promise as a tool for assessing 

visual-object and visual-spatial imagery processing but may need further improvement. In our study, 

we did not define "step" explicitly, introducing variability in interpretation, which may be clarified 

in future research by providing illustrative examples or narrowing the definition. Another potential 

refinement involves including images showing intermediate assembly steps, which could guide 

participants' segmentation and lead to development of accuracy-based measure. Further adjustments 

may also be needed to achieve comparable difficulty across levels for object and spatial tasks. 

This instrument provides a comparable visual-object and visual-spatial tasks, shows a promise 

as a research tool to examine mechanisms differentiating visual-object and visual-spatial imagery, 

such as their capacity and sensitivity to cognitive demands, involvement of working and long-term 

memory, or relation to verbal processing. Notably, object and spatial tasks did not differ in 

distinctness, and all our tasks were rated as attractive, i.e., at mid-scale value and above. The 

Imagined Assembly Task format establishes a foundation for future measures of visual-object and 

visual-spatial imagery and suggests the potential value of using mental step counts in assessing 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 November 2024 doi:10.20944/preprints202411.0887.v1

https://doi.org/10.20944/preprints202411.0887.v1


 15 

 

different types of imagery processing. We are currently working on adapting this task into a 

performance measure suitable for adults and children.   

Developing tools like the Imagined Assembly Task, which engage visual-object and visual-

spatial skills, represents a promising direction. Understanding segmentation during imagery 

processing of object and spatial tasks may support the creation of more effective learning tools and 

instructions for visualizing complex actions. For example, it may inform the design of visual guides 

for motor planning that involve a step-by-step mental simulation resembling physical task 

performance. Such research and applied instruments can be designed to appeal to both genders while 

fostering educational value, with applications in psychometrics, toy design, and improvements of 

educational materials. Our study offers insights for understanding experiences and performance on 

object and spatial imagery tasks in Arts and STEM domains, with implications for cognitive and 

educational psychology. 
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Appendix A 

 

Figure A1. Scatterplots showing (a) estimated Educational Value in STEM and Art domains; (b) 

Expected Attractiveness for Boys versus Girls. Task numbers correspond to those listed in Table 1. 
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Appendix B 

 

Figure B1. Data on Imagined Assembly Task Variables by Difficulty Level and Task Type, separated 

by participant Culture (Turkey and Russia). Graphs display measures across three difficulty levels for 

two types of tasks (object and spatial): Mental Steps Count, Distinctness, Educational Value in STEM 

and Art domains, and Expected Attractiveness for Boys and Girls. Data are presented separately for 

participants from Turkey (left) and Russia (right). Error bars indicate confidence intervals (CIs). 

Appendix C 

 

Figure C1. Data on Imagined Assembly Task Variables by Difficulty Level and Task Type, separated 

by participant Gender (Male and Female). Graphs display measures across three difficulty levels for 

two types of tasks (object and spatial): Mental Steps Count, Distinctness, Educational Value in STEM 

and Art domains, and Expected Attractiveness for Boys and Girls. Data are presented separately for 

male (left) and female (right) participants. Error bars indicate confidence intervals (CIs). 
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