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Abstract: Mental imagery is a vital cognitive skill that significantly influences 

how reality is perceived while creating art. Its multifaceted nature reveals various 

dimensions of creative expression, amplifying the inherent complexities of 

measuring it. This study aimed to shorten the Mental Imagery Scale in Artistic 

Creativity (MISAC) via the Ant Colony Optimization algorithm (ACO), a 

metaheuristic methodology for developing psychometrically robust brief scales. 

Answering 63 items in the original version of MISAC demands a higher cognitive 

load and, consequently, more time. Therefore, our goal was to shorten it while 

preserving its psychometric properties. In this study, responses to the MISAC were 

obtained from 500 undergraduate students enrolled in an art education program. 

The items on the short form of the MISAC were selected based on pre-specified 

validity criteria and content representability. The 28-item short form of MISAC 

demonstrated comparable performance to the original version regarding construct 

validity, criteria-related validity, and reliability coefficients. Moreover, strict 

invariance was attained across both gender groups in the validation process of the 

short form. These results highlight the utility of the shortened version of the 

MISAC as a valid measure with minimal loss of information of scores compared 

to the full version. 

1. INTRODUCTION 

Mental imagery, considered one of the critical cognitive skills for humans (Pérez-Fabello & 

Campos 2007), plays a crucial role in the perception of reality during the artistic production process 

(Ziss, 2011). Mental imagery occurs when perceptual information is accessed from memory and 

can be created by combining and manipulating stored perceptual information in new ways (Kosslyn 

et al., 2001). Therefore, mental images include both visual representations and various types of past 

mental encounters (Hilton, 2007).  

Following the second half of the 20th century, interest in mental imagery has accelerated in fields 

such as behavioral and cognitive psychology, clinical psychology, neuroscience, marketing, and 

sport (Kosslyn et al., 2001; Park & Yoo, 2020; Pearson et al., 2015; Saulsman et al., 2019). In 

psychological research, mental imagery is utilized to prevent mental disorders and develop 

treatment methods (Saulsman et al., 2019; Schwarz et al., 2020). In addition, it has been used to 
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change individuals’ psychological attitudes, perceptions, and perspectives (Holmes & Mathew, 

2010; Park & Yoo, 2020; Pearson, 2019; Saulsman et al., 2019). Mental imagery is also a crucial 

cognitive domain often highlighted in art education (Duncun, 2001; Heid et al., 2009) owing to its 

relation to creativity (Palmiero et al., 2016). Consequently, art and cognition are intricately linked, 

mutually reflecting and reinforcing each other (Bhattacharya & Petsche, 2002). 

Artists create art by drawing on mental images developed through observing the world (Hetland et 

al., 2007). The personal records, diaries, and sketchbooks of well-known artists like Leonardo Da 

Vinci and Picasso, which reveal their internal worlds, demonstrate that they actively utilized 

imagery while creating their artwork. (Rosenberg, 1987; Vellera & Gavard-Perret, 2012).  This 

same process applies to art students in visual arts classes. Art students learn to observe and use 

observation to generate mental images and plan ways to create their artwork (Hetland et al., 2007). 

Therefore, the power of imagination is an intrinsic and essential element for art students 

(Bhattacharya & Petsche, 2002; Chamberlain et al., 2019).  

Imagination is a product of cognitive actions that facilitate the construction of new meanings 

(Efland, 2002). Metaphorical thinking is one of these cognitive actions utilized to imbue meaning 

in creating and evaluating artwork (Hetland et al., 2007; Serig, 2006). The tools artists employ 

during artwork production are integral to the cognitive process used by those interpreting the 

artwork to construct meanings (Efland, 2002). Metaphorical thinking involves expressing different 

concepts through a single, similar concept that can be represented in various ways (Deaver & 

Shiflett, 2011). It directs minds beyond existing similarities to new similarities it creates, leading to 

the discovery of a new dimension of meaning for the word (Lakoff & Johnson, 2010). 

Consequently, previously undiscovered creative meanings are brought forth. When engaging in 

metaphorical thinking or drawing, an individual participates in the form of mental imagery (Dodson, 

2013). Images also serve as metaphorical conceptualizations and a creative act of reinterpreting 

these concepts. Creative thinking involves the cognitive properties of metaphor capable of 

generating new meanings by establishing connections between different elements (Efland, 2002). 

Images are both a metaphorical conceptualization and a creative action. Therefore, when it comes 

to artistic creativity, a robust relationship exists between mental imagery, metaphorical thinking, 

and creative thinking. For this reason, the ability to form mental images can be associated with the 

data obtained from the metaphorical thinking ability test, which measures the ability to produce 

meaning, and the drawing test, which measures the ability to create creative images. 

Given the ongoing importance and long history of mental imagery within art, there have been 

various studies focusing on mental imagery in art (Jankowska & Karwowski, 2015; Pérez-Fabello 

& Campos, 2007; Pérez-Fabello et al., 2016). Furthermore, the relationship between creativity in 

art and mental imagery is examined in several studies (Miller, 2014; Pérez-Fabello & Campos, 

2007; Pérez-Fabello et al., 2016; Vellera & Gavard-Perret, 2012). A study by Drake et al. (2021) 

found that artists possess superior imagery skills compared to non-artists, as assessed by a self-

report measure. Another study (Vellera & Gavard-Perret, 2012) found that an increase in mental 

imagery score corresponded with an increase in performance in creative tasks, as measured by two 

different tools. In another study by Jankowska and Karwowski (2020), the results from five separate 

studies, each employing various measurement tools, were combined. The study found that art 

students exhibited a higher level of mental imagery compared to the non-artist group. These studies 

provide evidence that mental imagery is considered an indicator of artistic creativity by using 

different measures. 

There are primarily three ways to assess mental imagery (Ji et al., 2019): (a) Reporting naturally 

occurring mental imagery, (b) Laboratory assessments of mental imagery, and (c) Scales for mental 

imagery. Applying scales in the fields of art and creativity can be more convenient for researchers 

due to the focus in these fields not typically being placed on the neurocognitive basis of mental 

imagery. However, the construct of mental imagery has been a challenge to measure both validly 

and reliably due to its multidimensional nature (Cumming & Eaves, 2018). In the literature, a 

variety of measures are focused on different aspects of mental imagery (e.g., Betts’ Questionnaire 

Upon Mental Imagery, [Betts’ QMI; Betts, 1909]; Vividness of Visual Imagery Questionnaire 
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[VVIQ; Marks, 1973]; The Plymouth Sensory Imagery Questionnaire [Andrade et al., 2014]). 

However, the multidimensional structure of mental imagery requires the use of more than one 

measurement tool or longer measures, which include several factors (Calabrese & Marucci, 2006; 

Jankowska & Karwowski, 2015; Vellera & Gavard-Perret, 2012).  

Given the drawbacks of longer measures, such as decreasing response rate and increasing response 

bias (e.g., careless responding [Niessen et al., 2016], exhibiting response styles [Weijters et al., 

2010]), researchers conducting similar studies prefer using shorter measures or short versions of 

commonly utilized and adapted scales (e.g., short versions of Betts’ QMI, Sheehan (1967), and 

VVIQ; Marks, 1995). As a result, scale-shortening procedures have recently gained popularity in 

psychological and cognitive assessments due to the development of automated methods (Basarkod 

et al., 2018; Schroeders et al., 2016).  

This study aimed to shorten the Mental Imagery Scale in Artistic Creativity (MISAC), which was 

recently developed in art education. We employed methodological advances in scale-shortening 

techniques and utilized a metaheuristic approach (e.g., Ant Colony Optimization algorithm [ACO]) 

to shorten the MISAC. In addition, we gathered reliability and validity evidence for the shortened 

version of the MISAC. Also, we compared the psychometric features of the full version of the 

MISAC with that of the shortened version.  

1.1.  The MISAC 

The MISAC measures the ability of individuals to recreate/remember objects, events, and 

phenomena based on their physical (movement, shape, color, place) and sensory modalities 

(e.g., sound, texture, and taste) (Narin, 2019). In this context, the scale measures the mental 

imagery ability of spatial, tactile, physical, kinesthetic, emotional, characteristic features, and 

affective experiences. While developing the MISAC, Mark's VVIQ (Mark, 1973) and Sheehan's 

Betts’ QMI (1967) scales were considered. Mark’s VVIQ scale includes four different contents 

(i.e., visualizing sentences about relatives or friends, the sunrise, a shop one often goes to, and 

the image of a country). Sheehan's Betts’ QMI (1967) includes sensory modalities: visual, 

auditory, tactile (cutaneous), kinesthetic, gustatory, olfactory, and organic (whole body).  

Unlike the scales mentioned above measuring the vividness of mental imagery, the MISAC 

measures the ability of mental imagery in terms of vividness, attention, and control. The most 

distinctive difference between the MISAC and other scales is its use in determining the mental 

imagery ability of a group within programs that require artistic creativity or in creative 

individuals such as those enrolled in art education programs. Notably, the MISAC can be 

utilized as a supplementary measurement tool for art and creativity research and for the 

selection procedures of students entering arts education or art-related programs. It can also be 

utilized to follow students' progress in different disciplines that require creative skills, such as 

visual communication design, art and design, and architecture.  

Use of the MISAC not only considers the insights of mental imagery scales from working with 

participants with differing characteristics and creative individuals (Kozhevnikov et al., 2013; 

Miller, 2014; Pérez-Fabello et al., 2016; Vellera & Gavard-Peret, 2012) but also considers the 

limitations of current scales and attempts to overcome their shortcomings. For example, 

Sheehan's (1967) QMI contains smell as one of the sensory modalities; however, Arshamian 

and Larsson (2014) indicated that individuals, in most cases, cannot produce mental images 

based on the sense of smell. In addition, Kozhevnikov et al. (2013) noted that despite the 

importance of the ability to visualize and discriminate colors and textures of objects for artistic 

creativity, these aspects are often neglected in the current measures. Thus, the MISAC 

incorporates various conceptualizations regarding mental imagery within its list of items and 

factors.  

Based on the original version of the MISAC, comprising seven factors and 63 items (Narin, 

2019), the exploratory factor analysis (EFA) results revealed that the scale accounted for 49.6% 

of the total variance, with factor loadings values ranging from .45 to .74. The confirmatory 
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factor analysis (CFA) supported the factor structure of the MISAC, as evidenced by good fit 

values (RMSEA = .05, NFI = .90, NNFI = .95, CFI = .95, SRMR = .06, IFI = .95) (χ2 (1869) = 

3525.56, p < .001). In the original version of the MISAC, each factor exhibited good internal 

consistency, with Cronbach's alpha values ranging between .82 and .89 (Narin, 2019). 

1.2. Why Shorten The MISAC?  

Long measures may cause fatigue, higher drop-out rates, and a lower response rate, as well as 

increase an unnecessary waste of time and energy, thereby reducing the quality of the gathered 

data (Basarkod et al., 2018; Olaru et al., 2015; Rammstedt & Beierlein, 2014). Also, if longer 

measures include items demanding a higher cognitive load, as seen in MISAC, then the 

undesired effects may be problematic regarding data quality. Responding to items regarding 

mental imagery might take longer than responding to items in other settings, as one must 

imagine the vividness of the object being questioned within an item. When items get more 

cognitively demanding, the respondents may likely adapt their response style as a shortcut 

(Krosnick et al., 2002). Thus, the length of scales and the level of cognitive load may be 

obstacles to obtaining the intended data quality.  

Studies using mental imagery scales aim to determine the associations with other variables 

(Jankowska & Karwowski, 2015; Pérez-Fabello & Campos, 2007; Pérez-Fabello et al., 2016). 

Therefore, respondents may be required to respond to several questionnaires to provide scholars 

with a wide array of information regarding their visual and mental abilities. Due to assessment 

time and research funding sometimes being limited in designs that include multiple constructs, 

keeping the response rate and costs at a reasonable level is important, so shorter scales are more 

preferable (Rammstedt & Beierlein, 2014; Dogan & Bulut, 2024). Therefore, developing 

shorter versions of some scales has steadily increased over the past few years to eliminate these 

consequences.  

In numerous higher education institutions, including those in Türkiye (e.g., O’Donoghue, 2011; 

Ozmutlu & Tomak, 2021; Taskesen, 2019; Tay, 2019; Yilmaz, 2016), scales or tests assessing 

creativity or related constructs hold significance in the selection process for art students, often 

complementing the evaluation of portfolios. However, the inclusion of multiple assessments, 

particularly longer ones, poses challenges for both candidates and the academic jury overseeing 

the selection process. This extended evaluation complicates the assessment for candidates and 

creates difficulties for the jury in making decisions based on these assessments. In response to 

these challenges, Turkish institutions frequently depend on evaluating drawing skills, including 

drawings of live models and imaginative design studies. (e.g., Dilmac & Kucuoglu, 2010; 

Taskesen, 2019); however, this approach introduces its own validity concerns. Including longer 

assessments, especially those focused on visualization skills, adds complexity to achieving 

thorough, reliable, and valid evaluations. Finding instruments that balance brevity with 

comprehensive assessment and validity poses a significant challenge. A shorter MISAC version 

can be a potential solution to bridge this evaluative gap. 

1.2.1. Ant-Colony optimization 

There has been a growing interest in the methods of automated approaches to scale shortening 

(Leite et al., 2008; Olaru et al., 2015; Schroeders et al., 2016; Yarkoni, 2010). The traditional 

approaches consist of examination of item-total correlations (Bowns et al., 2022; Carr et al., 

2005), conducting EFA and choosing the highest factor loadings (Botes et al., 2021; Leite et 

al., 2008) researchers select items based on a reduction in the scale’s Cronbach’s alpha 

reliability coefficient if each item is removed (e.g., Bowns et al., 2022; Swindle et al., 2006). 

Inevitably, selecting the appropriate items via traditional approaches can take some time. More 

importantly, sequence effects or relying solely on one criterion within the abbreviating process 

result in unwanted biases. Furthermore, the required input from researchers is relatively high 

compared to automated approaches, depending on the number of items and factors on 

instruments and the number of criteria researchers consider (Yarkoni, 2010). Therefore, the 
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workload can be a significant obstacle in this process. On the other hand, traditional scale 

shortening methods may miss the most optimal version, as researchers only consider limited 

alternate forms. As a result, not only can automation significantly reduce time spent on 

developing short measures, but also it allows researchers to achieve optimality or near-

optimality (Jankowsky et al., 2020; Olaru et al., 2019; Raborn et al., 2019; Sandy et al., 2014). 

Automated approaches for scale abbreviation, such as Genetic Algorithms or Ant-Colony 

Optimization, make this process much faster and easier (Leite et al., 2008; Yarkoni, 2010). For 

instance, let us consider a situation where a researcher wants to shorten a 63-item with a seven-

factor scale and use several criteria. If all 63 items of the long version are evenly distributed 

across the seven subscales (i.e., 9 items per subscale) and a short measure is constructed with 4 

items per subscale, this would result in (
9
4
)^7= 504,189,521,813,376 possible combinations. 

After finding a suitable short form, the researcher may have to perform additional analysis for 

other criteria. However, using an automated approach, the process can be done more efficiently 

(Sandy et al., 2014; Yarkoni, 2010), and the researcher can use their time and expertise to 

evaluate the results instead of conducting multiple analyses. Research shows that automated 

approaches can provide better results than traditional approaches (Leite et al., 2008; Raborn et 

al., 2019; Sandy et al., 2014). For instance, Sandy et al. (2014) compared one rational approach 

and an automated approach (genetic algorithm approach) to develop a short scale. The validity 

and reliability properties of the scales developed separately by these approaches were similar. 

Similarly, Leite et al. (2008) showed that ACO excels at maximizing certain predefined 

qualities and outperforms methods for selecting items with traditional methods. 

The current study used the Ant Colony Optimization (ACO) approach (Marcoulides & Drezner, 

2003) to shorten the MISAC. The goal of using the ACO algorithm approach in this study was 

twofold. The first objective was to create a shortened version of MISAC to make it more 

practical for researchers to use in studies that do not have the capacity to use longer measures. 

Second, we wanted to maximize the model fit of a short form of MISAC in terms of converging 

on the previously validated mental imagery model. The ACO is one of the best-performing 

practices for producing short forms (Leite et al., 2008; Olaru et al., 2015; Raborn et al., 2019). 

Interestingly, the ACO is a heuristic algorithm that incorporates the foraging behaviors of real 

ants to establish the shortest route to a food source in an automated model-fitting process 

(Marcoulides & Drezner, 2003). Deneubourg et al. (1983) found that ants produce pheromones 

while searching for a food source so that the ants that come after can utilize this chemical trail 

as feedback for determining the shortest path to the located food source. For example, ants will 

randomly try routes in the first step and produce pheromone chemicals during the search for 

routes to a food source. When a route is relatively long, its pheromone level will gradually 

dissipate, ultimately failing to attract other ants. Similarly, pheromone evaporation in the ACO 

algorithm can reduce the strength of pheromone routes over time. The evaporation rate can 

impact how well the ACO algorithm performs. This rate can encourage greater exploration of 

the solution space. However, it can also lead the algorithm to rapidly forget earlier successful 

solutions or prompt ants to follow existing routes more frequently, thus increasing the 

likelihood of the algorithm adhering to previously found shorter paths. At the end of this 

process, ants try to choose the shortest route over time.  

In survey research, the ACO mimics those behaviors to generate short forms of scales by using 

the ‘pheromone’ levels of items (Olaru et al., 2015). For this, random models are generated 

through the ACO to determine the pheromone levels of items in the first iterations. Then, items 

that show the best fit in terms of specific criteria (i.e., model fit statistics) have higher 

probabilities of being selected in later iterations (Olaru et al., 2015). The process is complete 

once all the criteria are met by the number of items required for the short form. Figure 1 

illustrates these steps in an example. 
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Figure 1. An illustration of the item selection procedure using the ACO. 

 

In the initial stage, all items in this sample scale (i.e., i1, i2, i3, i4, and i5) have equal initial 

weights for the selection procedure. After selection begins in the ACO algorithm, a randomly 

short form is generated by selecting items 1, 3, and 4 and their pheromone levels (𝜑1) are 

calculated for that short form. In the initial iteration, the ACO algorithm randomly selects items 

1, 3, and 4, subsequently evaluating their suitability based on pheromone levels. These levels 

are calculated based on the criteria introduced to the algorithm (e.g., CFI > .95 and RMSEA < 

.06). These criteria can be various and are up to researchers and scale properties. Then, the 

pheromone levels influence and modify the weighting or significance of the selected items 

within the selection process (Leite et al., 2008). The algorithm integrates a pheromone 

evaporation mechanism, which reduces the current pheromone levels before adjusting them 

according to a pre-established rate determined by the researcher. This rate selection is pivotal, 

as it directs the algorithm's inclination towards favoring frequently selected items or 

encouraging greater exploration of potential item combinations in each iteration. Consequently, 

this step significantly contributes to fine-tuning the item selection process, emphasizing the 

influence or reliance on previously chosen items. In our five-item scenario, the process repeats 

for the second and third selections until the best items are chosen. If the third round marks the 

end, using the calculated pheromone levels helps identify the most suitable items based on how 

many the researcher aims to include in their shorter scale. As researchers can decide the criteria 

(e.g., model fit, number of items for each factor) and the parameters (i.e., number of ants and 

evaporation rate) to be introduced in the algorithm, the ACO provides flexibility and rapid 

solutions for the scale abbreviation process. 

2. METHOD 

2.1. Sample 

The sample participants comprised 500 undergraduate students (29.2% males) aged 18-47 

(M=22.3, SD = 3.86). The study recruited participants from five higher education institutions 

located in three different cities in Turkey, all of which specialize in providing education in the 

arts. The participants were drawn from the Fine Arts Education Department of the Education 

Faculty, as well as the Painting, Graphics, and Sculpture Departments of the Fine Arts Faculty. 

These departments were selected because they highly emphasize creativity and visual skills, 

which are essential for success and acceptance in the field. The number and percentage of first-

year students, sophomores, juniors, and seniors were 119, 124, 125, 132 (23.8%, 24.8%, 25.0%, 

26.4%), respectively. Before participating in the study, each student was given a detailed 

description of the research and asked to provide informed consent.   

In this study, we present the results about the full scale and its properties (N = 420), obtained 

from a separate study (Narin, 2019). This sample shares resemblances with the sample 

characteristics employed in the current study. These undergraduates belong to the same 
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programs, encompassing approximately 28% male students, with an approximate 27% 

distribution across each academic year, ranging from first-year students to senior student 

cohorts.  

2.2. Instruments 

The MISAC, consisting of 63 items, is utilized to assess the mental imagery of art education 

students and help to evaluate how clearly and vividly people remember various objects, 

situations, facts, and events, such as affective, tactile, and spatial experiences and actions 

experienced by the body. There are seven factors (spatial [10 items], tactile [10 items], physical 

[9 items], kinesthetic [9 items], emotional [8 items], characteristic feature [9 items], and 

affective experiences [8 items]) on the MISAC (Narin, 2019). The items on the MISAC are 

rated on a 7-point Likert-type scale (1 = Very vivid and clear as in reality; 7 = no image 

appeared in my mind). A high score on the MISAC indicates a high power of mental imagery. 

Notably, respondents require a maximum of 25 and an average of 15 minutes to answer the 

MISAC. 

For example, an item from the spatial dimension can be given as “Imagine a café you often go 

to or your favorite café in your mind. How clear and vivid you can imagine these: (a) the 

location of tables, chairs, cash register…etc.’’. Another item example regarding the physical 

dimension is as follows: “There are several actions/movements you experience using your body 

(e.g., arms, legs, and body). How clearly and vividly can you imagine when you think of 

yourself doing these movements? (a) Carrying a heavy load on your back”.  

TCIA (Test of Creative Imagery Abilities) is a test developed by Jankowska and Karwowski 

(2015) to measure creative imagery abilities. It was utilized by the authors of the current study 

after adapting it to Turkish (see Narin, 2019). The test consists of seven incomplete figures. 

Participants are asked to verbally produce and describe several images evoking these figures. 

Then, they are expected to select the most original image from those they produce, draw it, and 

title it. Next, the drawings are evaluated in three dimensions: vividness, originality, and 

convertibility. Also, the highest score that can be obtained on the TCIA test is 21. The test was 

utilized to establish criteria-related validity evidence in this study. 

The Metaphoric Thinking Test (MTT) consists of 10 concepts and three initial sentences. The 

test aims to measure the participants' ability to make sense of an image, create conceptual 

images, and establish a similarity relationship (see Narin, 2019). The participants are expected 

to select only three of the ten concepts provided to them in the test, create sentences using the 

selected concepts in a new and different way, and complete the incomplete initial sentences in 

a way that creates new meaning and context. The associated concepts and sentences based on 

these concepts are then evaluated in the context of creative thinking with a rubric prepared by 

the researcher according to three levels: non-creative (0 points), partially creative (1 point), and 

high-level creative (2 points). The highest score that can be obtained on the MTT is 12. The test 

was utilized to establish criteria-related validity evidence in this study. 

2.3. Procedures 

First, the normality assumptions for each item were checked by using the criteria of ±2 for 

skewness and ±7 for kurtosis coefficients (West et al., 1995). All the items had low percentages 

(<5%) for the missing values, and all met the normality assumptions. To check whether the 

seven-factorial structure of the MISAC fits our data, we carried out CFA using the lavaan 

package (Rosseel, 2012) in R (R Core Team, 2022). All analyses were conducted using a 

diagonally weighted least squares estimator. As an indicator of a good fit, values below .05 for 

the root mean square error of approximation (RMSEA) and values above .95 for the Tucker-

Lewis Index (TLI) and the Comparative Fit Index (CFI) were considered (Yu, 2002). 
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2.3.1. Item Selection via ACO 

After the model fit was guaranteed, we ran the ACO algorithm to shorten the MISAC for our 

data using the ShortForm package (Raborn & Leite, 2018). The ACO algorithm mimics ants' 

behaviors to establish the shortest route to a food source as a model for searching the model fit 

processes of structural equation modeling (Marcoulides & Drezner, 2003). The goal of this 

approach was to reach an optimal or near-optimal model with a fewer number of items. For 

this, an iterative process is started with the ACO by using several parameters (i.e., ants, 

evaporation, and steps) and criteria (i.e., model fit indices) until a specified convergence 

criterion is met (i.e., the number of iterations) (see Leite et al., 2008).   

In this current study, we also chose the same values of the model fit statistics mentioned earlier 

to evaluate the quality of the shortened scales generated by the ACO. As ACO follows a 

heuristic approach for calculating the probabilities of items to be selected for the short form, 

ACO may generate different short forms in each run (Leite et al., 2008). Thus, in the item 

selection process, we attempted to shorten the MISAC by selecting four or five items for each 

factor with minor modifications to the tuning parameters (i.e., the number of ants, evaporation 

rate, and steps) as follows (Raborn & Leite, 2018, p. 10): 

i. ants = 120,  

ii. evaporation = .95 (i.e., the percentage of the pheromone retained after evaporation 

between iterations), and  

iii. steps = 20 (i.e., a numeric value that sets the rule for stopping, which is the number of 

ants in a row for which the model does not change). 

The algorithm's computational process took approximately one hour to run with these 

parameters. The ACO algorithm was rerun 24 times to select optimal item candidates 

encompassing each factor's context and aligned with relevant theoretical representations. After 

each run, we identified frequently selected items for each factor.  

Furthermore, after the 15th run, content experts identified 13 items to be excluded from the 

short form due to their content. Consequently, we omitted these 13 items from the algorithm 

for the remaining runs. Then, we thoroughly reviewed the top five item sets selected by the 

algorithm. Subsequently, we engaged in discussions regarding item coverage with two content 

experts. Finally, collaborating with these experts and authors, we collectively chose the most 

suitable version of the short form. The codes used in this study are available in Appendix A. 

2.3.2. Gathering validity and reliability evidence 

The means and standard deviations were also calculated for each factor and item. In addition, 

we calculated both Cronbach’s α and McDonald's (1999) ω as reliability evidence by using the 

psych package (Revelle, 2019). Notably, we considered ω and α >.70 as a threshold for 

moderate reliability (Brunner et al., 2012; Nunnally & Bernstein, 1994), acknowledging the 

contextual considerations and potential trade-offs associated with reliability standards in 

research. The inter-correlations of the factors from the shortened MISAC with external criteria 

(i.e., metaphorical thinking and creativity imagery abilities) were calculated to gather 

concurrent validity evidence. The purpose of this analysis was to check whether the correlations 

obtained between the factors of the full scale and external variables were maintained within the 

shortened scale.  

The ACO algorithm allows the selection of invariant items among specified groups, as 

demonstrated in various studies (Jankowsky et al., 2020; Olaru et al., 2019; Schroeders et al., 

2016). However, due to our sample's gender imbalance (29.2% males) and relatively small male 

group size (n = 145), our initial analysis using modified functions from Jankowsky et al. (2020) 

and Olaru and Jankowsky (2022) showed consistent differences between groups in almost every 

selection. This finding indicated the necessity for freely estimating coefficients in each 

selection, undermining the ACO algorithm's optimization. Consequently, we could not employ 
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ACO for item selection based on measurement invariance. Therefore, we checked for 

measurement invariance across genders by utilizing the lavaan package as described in Bulut 

(2020) after the item selection process. 

Regarding this validity evidence, we aimed to show that the shortened version of the MISAC 

was equally robust across gender groups. A stepwise procedure that started from the least 

restrictive model to the more restricted model (i.e., configural, metric, scalar, and strict 

invariance model, respectively) was adopted (see Van de Schoot et al., 2012). Furthermore, to 

test the measurement invariance, differences between the model fits previously evaluated with 

the same criteria and values of Δχ2 and ΔCFI were calculated. Chen’s rule was followed (i.e., 

the ΔCFI is <.01) (Chen, 2007) to control whether both models fit equally well statistically. 

3. RESULTS  

In this study, the results of the analysis conducted in the prior research by Narin (2019) were 

shared to prove that the shortened scale has similar psychometric features to the full scale. 

Therefore, the information in Tables 1, 2, and 3 regarding the full scales was obtained from 

Narin's study (2019). Following the item selection process, the most optimal results were 

achieved by selecting four items from each factor, consistently chosen by ACO algorithms. The 

selected items from the shortened scale are provided in Appendix B. As shown in Table 1, the 

results of the CFA model of the shortened scale confirmed the hypothesized 7-factor model of 

the full scale and demonstrated a good fit. Furthermore, the model fit statistics were determined 

to be very similar to the full scale of the MISAC.  

Table 1. Model fit statistics of the full and shortened scales of the MISAC. 

Scales χ² df p CFI TLI RMSEA Lower Upper 

Full 9450.99 1953 < .001 0.98 0.98 0.01 0.00 0.02 

Shortened 371.92 329 < .001 0.97 0.97 0.02 0.00 0.02 

Means, standard deviations (SD), reliability coefficients, and zero-order correlations of the full 

and shortened scales of the MISAC are provided in Table 2. The reliabilities of the shortened 

scale were lower than the coefficients of the full scale; however, they were higher than .70 and 

ranged from .72 to .80 for all factors. Thus, the values were within an acceptable range. 

Table 2. Means, SDs, reliability coefficients, and zero-order correlations of the full and shortened 

scales of the MISAC. 

  M  SD α ω 1 2 3 4 5 6 7 

F
u

ll
 s

ca
le

 

1. Spatial 5.60 1.09 .90 .92 1       

2. Tactile 6.12 0.79 .87 .89 .42* 1      

3. Physical 5.92 0.91 .88 .91 .49* .53* 1     

4. Kinesthetic 5.01 1.10 .86 .89 .40* .36* .47* 1    

5. Emotional 5.43 1.18 .85 .89 .35* .30* .49* .26* 1   

6. Characteristic 5.60 0.98 .84 .88 .38* .54* .41* .42* .35* 1  

7. Affective 5.78 0.96 .83 .88 .38* .44* .57* .43* .39* .42* 1 

S
h
o

rt
en

ed
 

1. Spatial 5.79 1.14 .80 .80 1       

2. Tactile 6.07 0.93 .72 .73 .44* 1      

3. Physical 5.98 0.94 .74 .75 .46* .50* 1     

4. Kinesthetic 5.23 1.20 .78 .79 .36* .39* .38* 1    

5. Emotional 5.40 1.28 .75 .76 .30* .33* .39* .23* 1   

6. Characteristic  5.58 1.12 .72 .72 .39* .50* .37* .36* .32* 1  

7. Affective 5.74 1.14 .77 .78 .38* .44* .46* .40* .36* .36* 1 

Note: Inter-dimensional scale correlations within each form. * p < .001 
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As shown in Table 2, zero-order correlations between the factors of the shortened scale were 

similar to those between the factors of the full scale. To gather concurrent validity evidence, 

the correlation coefficients were calculated between the external variables (i.e., metaphorical 

thinking and creativity imagery abilities) and the factors of the shortened scale and compared 

with the result obtained from the full scale. As presented in Table 3, the direction and magnitude 

of these relationships in the full scale (computed using sum scores) were generally maintained 

within the shortened scale. 

Table 3. Correlations between external variables and factors of the full and shortened scales of the 

MISAC. 

Factors 
Full scale (N = 420) Shortened scale (N = 500) 

MTT TCIA MTT TCIA 

Spatial 0.11* 0.01 0.10* 0.05 

Tactile 0.18*** 0.03 0.14** 0.09* 

Physical 0.02 0.05 0.01 0.12** 

Kinesthetic 0.11* 0.15** 0.06 0.12** 

Emotional 0.01 0.01 0.09* 0.06 

Characteristic  0.13* 0.08 0.12** 0.17*** 

Affective 0.11* 0.09 0.12** 0.16*** 

Note: * p < .05, ** p < .01, *** p < .001 

We tested the measurement invariance in the shortened scale to gather additional validity 

evidence and to examine whether this form of the scale maintained the same factorial structure 

across gender groups. Thus, the results of measurement invariance tests are presented in Table 

4. 

Table 4. Measurement invariance tests across gender. 

Invariance test χ2 df CFI RMSEA Δχ2  ΔCFI 

Configural 350.68 658 .977 .015 - - 

Metric 433.49 679 .973 .015 24.212 .003 

Scalar 455.67 700 .968 .017 34.301 .010 

Partial scalar 433.05 699 .976 .014 5.4924 .003 

Strict 461.25 727 .972 .015 38.095 .004 

The first line of Table 4 shows the results of the baseline model (i.e., the model parameters are 

freely estimated across gender groups). These results were compared with later comparisons of 

more restrictive models. In the metric model, factor loadings were restricted to be equal for 

both genders. When the model fit values were compared, the chi-square difference test was not 

statistically significant (Δχ2 = 24.212, df = 21, p = .28), and ΔCFI was lower than 0.1, which 

indicated that the metric model fit the data equally across gender. As for the scalar model, the 

chi-square difference test was significant (Δχ2 = 455.67, df = 21, p < .005), and the change in 

CFI was also above an acceptable fit. Therefore, there was a lack of scalar invariance for the 

shortened scale. Thus, partial scalar invariance tests were established by freely estimating 

regression coefficients between the Physical Factor and item 24 (M24) for females and males. 

Then, it was indicated by the comparison of the adjusted scalar model and the metric model 

that partial scalar invariance was established for the scale (Δχ2 = 5.4924, df = 20, p = .9, ΔCFI 

< .1). Finally, strict invariance was checked by using the adjusted scalar model. However, the 

residuals were constrained to be equal for females and males. Thus, it was shown in the results 

that the chi-square difference test was not significant (Δχ2 = 38.095, df = 28, p = .9) and the 

ΔCFI was lower than 0.1. As a result, strict invariance across females and males was 
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established. In sum, when these results were combined with moderate reliability and a good 

model fit, it was concluded that the shortened form had similar features to the full scale. 

4. DISCUSSION and CONCLUSION 

The primary objective of this current study was to develop a reliable and valid short form of the 

MISAC by utilizing the ACO algorithm. In addition, another aim was to gather validity and 

reliability evidence for the shortened version of the MISAC and test measurement invariance 

across gender groups. The ACO produced a 4-item per factor with a total of 28 items in the 

shortened scale (around 44% shorter). This finding suggests that responding to the shortened 

version of the MISAC can take approximately eight minutes on average. Hence, the shortened 

scale can allow researchers to collect data more flexibly and efficiently while reducing time, 

cost, and respondent burden (Basarkod et al., 2018).  

Notably, the factorial structure and inter-correlations were maintained for the factors within the 

shortened scale. Furthermore, the shortened scale maintained the content representation across 

the seven factors underlying the MISAC. The item selection process inevitably involves a trade-

off between their predictive strength and ensuring comprehensive content coverage (Leite et 

al., 2008; Raborn et al., 2019). Additionally, item sampling methods are closely connected to 

the specific elements within the construct being studied and the available item pool (Jankowsky 

et al., 2020). Given the relatively constrained size of the MISAC's original item pool, the ACO 

methodology adeptly extracted items that aligned statistically and conceptually with the 

intended content.  

Our findings regarding the association between mental imagery and external variables (i.e., 

metaphorical thinking and creativity imagery abilities) were consistent with the results of the 

full scale. Obtaining the same results with the shortened version of the MISAC indicated that 

the short version has similar relationships with external variables, as seen in the full version. 

Research demonstrates that mental imagery serves as a foundational cognitive skill not only in 

creating mental representations of “images” but also in comprehending metaphors, thereby 

indicating its pivotal role in cognitive processes and creativity (Cornelissen & Clarke, 2010; 

Pérez-Fabello et al., 2016). Therefore, this finding holds crucial significance, indicating that 

scores derived from the short form effectively pinpoint the nuanced interplay between mental 

imagery and mentioned external variables. This validation solidifies the utility and applicability 

of the shortened MISAC in assessing and understanding the intricate cognitive mechanisms at 

play. 

Smith et al. (2020) noted that shortening a scale brings several drawbacks. One such drawback 

related to reliability was evident in this study. With fewer items included in each factor, the 

shortened MISAC demonstrated only acceptable reliability. The measurement invariance 

results also revealed that strict invariance across females and males was attained using the 

adjusted scalar model. This conclusion stemmed from the observed disparity in the regression 

coefficient between item 24 (Sensing the texture of warm water) for females and males within 

the Physical Factor, suggesting varying interpretations of this item between genders. This 

discrepancy might be linked to gender's substantial influence on thermal perception (Schellen 

et al., 2013). The mental perception of warm water's temperature and texture may vary 

depending on gender. Hence, we recommend considering the shortened MISAC depending on 

the sample characteristics and research objectives. The original MISAC form might remain 

preferable when investigating gender differences. 

The results showed that the ACO algorithm produced a shortened scale that satisfactorily 

showed good psychometric properties. Hence, the shortened scale can be considered a suitable 

alternative to the full scale in measuring mental imagery in the context of artistic creativity. The 

results of this current study are similar to previous studies that indicate that the ACO algorithm 

provides an effective procedure for shortening scales (Leite et al., 2008; Marcoulides & 

Drezner, 2003). Nevertheless, the ACO algorithm should be run multiple times to determine 
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the appropriate items for content representability, as the item selection process should not be 

based solely on the algorithms (Kleka & Soroko, 2018). Therefore, these automated algorithms 

may guide researchers in efficiently selecting their items (Yarkoni, 2010). The manual selection 

of items does have disadvantages and does not always offer an optimal solution (Olaru et al., 

2015; Sandy et al., 2014). Thus, running automated algorithms and examining results in terms 

of relevant theories may be preferable.  

Overall, researchers aiming to collect data regarding mental imagery may utilize the shortened 

version of the MISAC to save time while maintaining a high level of reliability, validity, and 

similar features to the full scale. So, researchers aiming to use scales that include items with 

relatively demanding cognitive loads, such as the MISAC, can follow similar procedures to 

obtain psychometrically sound brief scales. 

Some methodological limitations in this study should be considered. First, there were 

limitations regarding the sample's representativeness, as it consisted solely of university 

students enrolled in undergraduate programs at art education institutions. Because of the gender 

imbalance in our sample and the limited number of male students, we were unable to utilize 

Jankowsky et al.’s (2020) and Olaru and Jankowsky’s (2022) functions, which could have 

enabled us to select measurement invariance as a means to create a short form within the ACO 

algorithm. Therefore, for future research without these limitations, it is recommended that the 

functions be adapted to their specific dataset and the ACO algorithm employed accordingly.  

Since this study was conducted within an art education group selected through a rigorous 

process, certain items might have been relatively effortless for participants to imagine mentally. 

To thoroughly investigate mental imagery within artistic work, other programs that require 

creative skills, such as design, architecture, and communication, should also be included in 

future research. Additionally, in this study, we could not consider students' academic year levels 

as a grouping variable due to the limited sample size in specific year cohorts. Future research 

could explore potential mean-level differences in students' abilities in mental imagery 

throughout their university education in the analysis.  

In this study, there were no external variables that could reveal moderate or high correlations 

within our data set. Thus, future research can include additional variables to collect convergent 

or divergent validity. Exploring drawing skills, visual thinking abilities, and imaginative 

thinking skills through well-known assessments (e.g., The Torrance Tests of Creative Thinking) 

can be useful for gathering such evidence. Furthermore, latent group differences in mental 

imagery, in conjunction with these variables, can be examined while considering the previously 

mentioned grouping variables. Finally, since we aimed to shorten the scale, the reliability level 

decreased compared to the full scale. Therefore, using the shortened or full scale depends on 

the aim of future research. For example, suppose the plan is to utilize students’ scores for 

individual-level decisions, such as selecting individuals for programs that require artistic skills 

or within the diagnostic processes for especially talented individuals. In that case, we 

recommend utilizing the full scale, as is strongly emphasized in other studies (e.g., Kruyen et 

al., 2014). However, the shortened scale is recommended if the aim is to analyze scores at a 

group level, such as modeling mental imagery or determining associations with other relevant 

variables. This approach saves time and reduces response bias during assessment sessions. 
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6. APPENDIX 

6.1. Appendix A. Utilized Code for Running the ACO Algorithm 

# Load packages 

library(ShortForm) 

library(lavaan) 

# Load data 

misac <- read_excel("C:/.../Research/SA/misac.xlsx") 

misac_v1 <- data.matrix(misac[,6:68]) 

# Run the ACO logarithm 

misac_short <- antcolony.lavaan(data = misac_v1, 

                                     ants = 120,  

                                     evaporation = 0.95, 

                                     antModel = 'char =~ M6+ M2+ M8+ M7+ M10+ M3+ M1 

                                                 kine =~ M16+ M20+ M18+ M14+ M15+ M12 

                                                tact =~ M22+ M26+ M21+ M29+ M23+ M27+ M24+ M25+ M30+ M28 

                                                 spat =~ M43+ M45+ M48+ M41+ M44 

                                                 phys =~ M51+ M54+ M52+ M55+ M56+ M59+ M53+ M58 

                                                 emot =~ M69+ M67+ M66+ M65+ M63+ M70+ M64 

                                                 affe =~ M75+ M72+ M76+ M80+ M73+ M74+ M79', 

                                     list.items = list(c('M6', 'M2', 'M8', 'M7', 'M10', 'M3', 'M1'), 

                                                       c('M16', 'M20', 'M18', 'M14', 'M15', 'M12'), 

                                                     c('M22', 'M26', 'M21', 'M29', 'M23', 'M27', 'M24', 'M25', 'M30', 'M28'), 

                                                       c('M43', 'M45', 'M48', 'M41', 'M44'), 

                                                       c('M51', 'M54', 'M52', 'M55', 'M56', 'M59', 'M53', 'M58'), 

                                                       c('M69', 'M67', 'M66', 'M65', 'M63', 'M70', 'M64'), 

                                                       c('M75', 'M72', 'M76', 'M80', 'M73', 'M74', 'M79')), 

                                     full = 50, i.per.f = c(4,4,4,4,4,4,4), 

                                     factors = c('char','kine','tact','spat', 'phys','emot','affe'), 

                                     steps = 20,  

                                     fit.indices = c('cfi','rmsea'), 

                                     fit.statistics.test = "(cfi > 0.95)&(rmsea < 0.05)", 

                                     summaryfile ='summary.txt',  

                                     feedbackfile ='iteration.html', 

                                     max.run = 1000) 

# print selected items 

misac_short$best.syntax 
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6.1. Appendix B. Results of confirmatory factor analysis of the shortened scale 

Factor Item Rephrased Item Labels and prompts Estimate (SE) 

Spatial 

 
How vividly can you imagine your favorite café in your 

mind? 
 

M43 Visualizing the interior dimensions of the cafe .67 (.06)***  

M45 
Visualizing the placement of tables, chairs, cash register, 

etc. in the cafe 
.80 (.06)***  

M44 Visualizing the height of the cafe's ceiling .58 (.07)***  

M41 Visualizing the color and shape of the cafe's signboard .77 (.06)***  

Tactile 

 
How clearly can you imagine the sensations you feel 

with your hands? 
 

M22 Sensing the texture of cotton .64 (.05)***  

M23 Sensing the texture of a thorn .62 (.06)***  

M24 Sensing the texture of warm water .57 (.07)***  

M28 Sensing the texture of silk fabric .69 (.05)***  

Physical 

 How vividly can you imagine these movements?  

M51 Walking uphill .66 (.04)***  

M56 Carrying a heavy load on your back .71 (.05)***  

M59 Throwing a basketball .65 (.06)***  

M53 Climbing a tree .59 (.07)***  

Kinesthetic 

  

 
How clearly can you see various movements and 

situations related to a motorcycle and its actions? 
 

M16 Overcoming a bump/obstacle on a motorcycle .58 (.06)***  

M20 Dragging a fallen motorcycle on the ground .75 (.07)***  

M18 Motorcycle colliding rapidly with a vehicle .79 (.06)***  

M14 Motorcycle swiftly passing by .66 (.07)***  

Emotional 

 How vividly can you imagine a feeling or emotion?  

M69 Feeling guilt .69 (.08)***  

M67 Experiencing panic/shock .69 (.07)***  

M66 Feeling doubt .74 (.08)***  

M70 Expressing astonishment .53 (.09)***  

Characteristic 

 How vividly can you see a familiar friend in your mind?  

M7 Appearance while expressing joy .60 (.07)***  

M8 Appearance when angered .52 (.07)***  

M10 Notable behavior while eating (e.g., eating habits) .72 (.07)***  

M3 
Notable behavior while walking/stepping (e.g., stride 

length) 
.67 (.07)***  

Affective 

 
How clearly can you imagine the expressions or 

emotions? 
 

M75 A cat with a full stomach .68 (.06)***  

M80 A dog growling upon seeing a stranger .70 (.07)***  

M73 Eating situation of a child with a sore throat .77 (.06)***  

M74 Body of a sleep-deprived person .59 (.06)***  

 Note. Total explained variance (R2 = 59%), *p < .05, **p < .01, ***p < .001 
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