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Abstract 

Background: Over the last two centuries, researchers developed several assessments to evaluate the multidimen‑
sional construct of imagery. However, no comprehensive systematic review (SR) exists for imagery ability evaluation 
methods and an in‑depth quality evaluation of their psychometric properties.

Methods: We performed a comprehensive systematic search in six databases in the disciplines of sport, psychol‑
ogy, medicine, education: SPORTDiscus, PsycINFO, Cochrane Library, Scopus, Web of Science, and ERIC. Two reviewers 
independently identified and screened articles for selection. COSMIN checklist was used to evaluate the methodo‑
logical quality of the studies. All included assessments were evaluated for quality using criteria for good measurement 
properties. The evidence synthesis was summarised by using the GRADE approach.

Results: In total, 121 articles reporting 155 studies and describing 65 assessments were included. We categorised 
assessments based on their construct on: (1) motor imagery (n = 15), (2) mental imagery (n = 48) and (3) mental 
chronometry (n = 2). Methodological quality of studies was mainly doubtful or inadequate. The psychometric proper‑
ties of most assessments were insufficient or indeterminate. The best rated assessments with sufficient psychometric 
properties were MIQ, MIQ‑R, MIQ‑3, and VMIQ‑2 for evaluation of motor imagery ability. Regarding mental imagery 
evaluation, only SIAQ and VVIQ showed sufficient psychometric properties.

Conclusion: Various assessments exist to evaluate an individual’s imagery ability within different dimensions or 
modalities of imagery in different disciplines. However, the psychometric properties of most assessments are insuf‑
ficient or indeterminate. Several assessments should be revised and further validated. Moreover, most studies were 
only evaluated with students. Further cross‑disciplinary validation studies are needed including older populations 
with a larger age range. Our findings allow clinicians, coaches, teachers, and researchers to select a suitable imagery 
ability assessment for their setting and goals based on information about the focus and quality of the assessments.

Systematic reviews register: PROSPERO CRD42 01707 7004.
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Background
Imagery, defined as the representation and the accom-
panying experience of any sensory information without 
a direct external stimulus [1], or ‘seeing with the mind’s 
eye’, ‘hearing with the mind’s ear’ [2], is a fundamental 
cognitive process. For example, imagery can be helpful 

Open Access

*Correspondence:  c.schuster@reha‑rhf.ch
1 Research Department, Reha Rheinfelden, Salinenstrasse 98, 
CH‑4310 Rheinfelden, Switzerland
Full list of author information is available at the end of the article

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42017077004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-022-02295-3&domain=pdf


Page 2 of 124Suica et al. BMC Medicine          (2022) 20:166 

in decision-making or problem solving processes [3], in 
emotion regulation [4], for motor learning and perfor-
mance [5]. In sports, a strong imagery ability in athletes 
is associated with more successful and better perfor-
mance [6, 7]. At the same time, several psychological 
disorders, such as posttraumatic stress disorder, depres-
sion, or social phobia, are associated with dysfunctions 
in imagery ability [8, 9]. In this context, the application 
of different imagery techniques showed positive effects 
in the treatment of psychological disorders [8], for pain 
treatment (guided imagery) [10], and to enhance motor 
rehabilitation in patients with neurological and ortho-
paedic disorders [11–18] as well as to enhance psycho-
motor skills or various aspects of performance in athletes 
(motor imagery) [19]. The benefits of imagery depend on 
the individual capability to imagine [20] and it is deemed 
essential to assess imagery abilities prior to interventions 
[21].

Imagery is a multidimensional construct [22] with 
wide individual differences regarding preference of 
imagery (verbal and visual style), imagery control or 
imagery vividness [23, 24]. The pioneering work from 
Betts in 1909 [25] already described and measured viv-
idness of imagery in seven sensory modalities: visual, 
auditory, cutaneous, kinaesthetic, gustatory, olfactory 
and organic (e.g. feeling or emotion). Further research 
focused on additional dimensions of imagery clarity 
[26, 27], controllability [28], the ease and accuracy with 
which an image can be manipulated mentally [29, 30] 
and imagery perspective [7, 31]. Moreover, studies in 
cognitive and neuroscience [32, 33] assert that imagery 
is not unitary, and distinguished two types: spatial 
imagery and object imagery [34]. Object imagery is 
defined as representations of the visual appearances of 

objects or scenes in terms of their precise form, size, 
shape and colour, whereas spatial imagery refers to 
rather abstract representations of the spatial relations 
among objects, parts of objects, locations of objects in 
space, movements of objects, object parts and other 
complex spatial transformations [34, 35].

Watt [36] and Cumming et al. [37] proposed a hierar-
chical model to explain the imagery process and com-
ponents of imagery ability in sports. However, types of 
imagery are missing in their model. Now, we have revised 
this model and expanded it with the object and spatial 
type of imagery (Fig. 1).

The measurement of this multidimensional and mul-
timodal construct has proven to be complex [38] and 
each type of assessments evaluates a different aspect 
of imagery ability [39]. Over the past century, various 
assessments have been developed to evaluate an indi-
vidual’s imagery ability considering different dimensions, 
sensory modalities, different perspectives, image manip-
ulation, or the temporal coupling between real and imag-
ined movements [7, 26, 27, 34, 40–44]. Most of those 
assessments are self-reported questionnaires (subjective 
assessments) and focus on object imagery. In contrast, 
the objective assessments focus more on spatial imagery 
[39]. However, the literature lacks a systematic literature 
review of imagery evaluation methods and the evalua-
tion of their measurement properties. Two previous nar-
rative [45, 46] and one systematic [47] reviews mainly 
focused on assessments of a single imagery technique: 
motor imagery. In addition, these reviews only included 
assessments of motor imagery in the field of neurology 
or sports. Further, only two reviews reported the assess-
ments’ psychometric properties [45, 47]). White et  al. 
[48] evaluated self-report assessments of imagery, but all 

Fig. 1 Proposed model for multidimensional and multimodal structure of imagery ability
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other assessments, developed or modified after that are 
missing in his review.

The aim of the present extensive and comprehen-
sive systematic literature review was therefore to evalu-
ate all available imagery ability assessments across four 
disciplines, regardless of the imagery technique used 
to answer the question: What imagery ability assess-
ments exist in the fields of sports, psychology, medicine, 
and education, and what are their psychometric prop-
erties? For the interested clinician, coach, teacher, and 
researcher, our review provides (1) a systematic classi-
fication of the imagery ability assessments based on its 
construct, (2) a summary of the current level of evidence 
for the psychometric properties of the selected imagery 
ability assessments, and (3) all specific characteristics of 
the imagery ability assessment: version, subscales, scor-
ing, equipment needed, etc.

In order to provide a comprehensive overview, we 
included all assessments that cover any aspect of imagery 
process and ability to vividly generate, transform, inspect, 
and maintain a mental image. Moreover, we included also 
assessments, which evaluated the frequency of use of 
imagery, the preference to think in words or images, and 
the temporal coupling of mental and physical practice.

This systematic review provides interested readers with 
a quick overview to select an appropriate imagery ability 
assessment for their current setting and goals based on 
information provided regarding the focus and quality of 
the imagery ability assessments.

Methods
Study design and registration
The protocol for this review was registered with the 
International Prospective Register of Systematic Reviews 
(PROSPERO; https:// www. crd. york. ac. uk/ prosp ero/, 
registration number CRD42017077004) and published 
[49]. The present systematic review was written and 
reported using the Preferred Reporting Items for System-
atic review and Meta-Analysis (PRISMA) guidelines, the 
PRISMA checklist, and the PRISMA abstract checklist 
[50, 51]. Additionally, we followed the recommendations 
for systematic reviews on measurement properties [52, 
53].

Search strategy
We searched in four fields of interest: sports, psychology, 
medicine, and education. One author (ZS) and a librar-
ian from the medical library of the University of Zurich 
independently performed the electronic search between 
September and October, 2017, in SPORTDiscus (1892 
to current date of search), PsycINFO (1887 to current 
date of search), Cochrane Library (current issue), Sco-
pus (1996 to current date of search), Web of Science 

(1900 to current date of search) and ERIC (1966 to cur-
rent date of search). The search strategy included (1) con-
struct: motor imagery, mental imagery, mental rehearsal, 
movement imagery, mental practice, mental training; (2) 
instrument: measure, questionnaire, scale, assessment; 
and (3) the filter for measurement properties by Terwee 
et  al. [54] adapted for each database (Additional file  1: 
AF_1_Example search strategy_ Web of Science). An 
update of the search in all databases was performed in 
January 2021.

Selection criteria
There was no limitation on a specific population (e.g. 
healthy individuals, adults, children, and patients). 
Additionally, there was no restriction on age, gender, or 
health status. We included all original articles published 
in English and German, which either developed mental 
or motor imagery assessments or validated their psycho-
metric properties.

Articles were excluded if the authors only used neu-
rophysiological methods to evaluate imagery ability (e.g. 
functional magnetic resonance imaging, electroencepha-
lography, or brain-computer interface technology).

Selection process
Figure 2 provides an overview of all databases and iden-
tified references. All citations were imported into the 
reference management software package EndNote (ver-
sion X7; Thomson Reuters, New York, USA). De-dupli-
cation was performed by the librarian, who performed 
the original search. To examine the agreement and disa-
greement regarding studies’ eligibility between the two 
reviewers (ZS and CSA) in the preselection phase, 10% 
of all articles were randomly selected and screened by 
both reviewers. After preselection, titles, abstracts, and 
full texts from all identified articles were independently 
screened. Full texts were ordered if no decision could be 
made based on the available information. If no full text 
was available, the corresponding authors of the articles 
were contacted to obtain the missing papers. Disagree-
ment of selected full texts was discussed by both review-
ers, and if both reviewers were not able to agree on a 
decision a third reviewer would have been consulted to 
decide on in- or exclusion (which was not the case in this 
review). The Kappa statistic was calculated and inter-
preted in accordance with Landis and Koch’s benchmarks 
for assessing the inter-reviewer agreement: poor (0), 
slight (0.0 to 0.20), fair (0.21 to 0.40), moderate (0.41 to 
0.60), substantial (0.61 to 0.80), and almost perfect (0.81 
to 1.0) [55]. The percentage agreement between the raters 
was also calculated [56].

https://www.crd.york.ac.uk/prospero/
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Data extraction
Four researchers (ZS, SG, LM, and VZ) performed the 
data extraction into Microsoft Excel (Version 14.0, 2010, 
Microsoft Corp., Redmond, California, USA). ZS checked 
all data for accuracy. The following data were extracted: 
(1) characteristics of included articles: first author, year of 
publication, country of origin, study design, and number 
and main characteristics of participants (e.g. age, gender, 
and target population); (2) general characteristics of the 
assessment instrument: name, language, version, con-
struct of evaluation, number of items, subscales, scoring, 
assessment format, time and equipment needed, exam-
iner qualifications, and costs; and (3) data on the psycho-
metric properties of the assessments: validity, reliability, 
and responsiveness.

Studies’ methodological quality: risk of bias rating
Two researches (ZS and CSA) carried out the COnsen-
sus-based Standards for the selection of health Measure-
ment INstruments (COSMIN) evaluation independently. 

One study was evaluated by ZS and FB, because CSA was 
the first author. The COSMIN Risk of Bias checklist was 
applied to assess the methodological quality of studies on 
measurement properties [57]. The COSMIN Risk of Bias 
checklist contains ten boxes with standards for Patient-
Reported Outcome Measures (PROM) development, and 
for nine measurement properties: content validity, struc-
tural validity, internal consistency, cross-cultural validity, 
reliability, measurement error, criterion validity, hypoth-
eses testing for construct validity and responsiveness. A 
4-point rating system as ‘very good’, ‘adequate’, ‘doubtful’ 
and ‘inadequate’ was used for study evaluation (Addi-
tional file 2: AF_2_COSMIN_RoB_checklist). The overall 
rating of quality of each study was determined according 
to the lowest rating of any standard in the box (‘the worst 
score counts’ principle) [58].

Quality assessment of included instruments and GRADE 
approach
Based on the quality criteria for measurement prop-
erties proposed by Terwee et  al. [59] and updated by 

Fig. 2 The literature search and study selection process. n = number of references. Numbers in brackets indicate references retrieved from the 
search in January 2021
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Table 1 Updated criteria for good measurement properties by Prinsen et al. [60]

The criteria are based on Terwee et al. [59]

AUC  Area under the curve, CFA Confirmatory factor analysis, CFI Comparative fit index, CTT  Classical test theory, DIF Differential item functioning, ICC Intraclass 
correlation coefficient, IRT Item response theory, LoA Limits of agreement, MIC Minimal important change, RMSEA Root mean square error of approximation, SDC 
Smallest detectable change, SRMR Standardised root mean residuals, TLI Tucker–Lewis index

‘+’ sufficient, ‘-‘ insufficient, ʻ?ʼ indeterminate
a To rate the quality of the summary score, the factor structures should be equal across studies
b Unidimensionality refers to a factor analysis per subscale, while structural validity refers to a factor analysis of a (multidimensional) Patient-Reported Outcome 
Measure
c As defined by grading the evidence according to the GRADE approach
d This evidence may come from different studies
e The criteria ‘Cronbach alpha < 0.95’ was deleted, as this is relevant in the development phase of a PROM and not when evaluating an existing PROM
f The results of all studies should be taken together and it should then be decided if 75% of the results are in accordance with the hypotheses

Measurement property Rating Criteria

Structural validity + CTT 
CFA: CFI or TLI or comparable measure > 0.95 OR RMSEA < 0.06 OR SRMR < 0.08a

IRT/Rasch
No violation of  unidimensionalityb: CFI or TLI or comparable measure > 0.95 OR RMSEA < 0.06
OR SRMR < 0.08
AND
No violation of local independence: residual correlations among the items after controlling 
for the dominant factor < 0.20 OR Q3’s < 0.37
AND
No violation of monotonicity: adequate looking graphs OR item scalability > 0.30
AND
Adequate model fit
IRT: χ2 > 0.001
Rasch: infit and outfit mean squares ≥ 0.5 and ≤ 1.5 OR Z‑standardised values > −2 and < 2

? CTT: not all information for ‘+’ reported
IRT/Rasch: model fit not reported

− Criteria for ‘+’ not met

Internal consistency + At least low  evidencec for sufficient structural  validityd

AND Cronbach’s alpha(s) ≥ 0.70 for each unidimensional scale or  subscalee

? Criteria for “At least low  evidencec for sufficient structural  validityd” not met

− At least low  evidencec for sufficient structural  validityd AND Cronbach’s alpha(s) < 0.70 for 
each unidimensional scale or  subscalee

Reliability + ICC or weighted Kappa ≥ 0.70

? ICC or weighted Kappa not reported

− ICC or weighted Kappa < 0.70

Measurement error + SDC or LoA <  MICd

? MIC not defined

− SDC or LoA >  MICd

Hypotheses testing for construct validity + The result is in accordance with the  hypothesisf

? No hypothesis defined (by the review team)

− The result is not in accordance with the  hypothesisf

Cross‑cultural validity\measurement invariance + No important differences found between group factors (such as age, gender, language) in 
multiple group factor analysis OR no important DIF for group factors (McFadden’s R2 < 0.02)

? No multiple group factor analysis OR DIF analysis performed

− Important differences between group factors OR DIF was found

Criterion validity + Correlation with gold standard ≥ 0.70 OR AUC ≥ 0.70

? Not all information for ‘+’ reported

− Correlation with gold standard < 0.70 OR AUC < 0.70

Responsiveness + The result is in accordance with the  hypothesisf OR AUC ≥ 0.70

? No hypothesis defined (by the review team)

− The result is not in accordance with the  hypothesisf OR AUC < 0.70
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Prinsen et  al. [60] (Table  1), the measurement prop-
erties reported in the included studies were rated 
as positive, negative, or indeterminate. However, no 
criteria are defined to assess the quality of structural 
validity when authors only performed an explorative 
factor analysis (EFA). In this case, we followed the 
recommendation of de Vet et  al. [52], Izquierdo et  al. 
[61] and Watkins [62] and considered (1) number of 
extracted factors; (2) factor loading, that should be > 
0.40; (3) items with loading ≥ 0.30 on at least two fac-
tors should be candidates for deletion; (4) correlation 
between factors and (5) the variance explained by the 
factors which should be > 50%. Guidelines for judg-
ing psychometric properties of imagery instruments 
by McKelvie [63] were also taken into account if there 
were any uncertainties.

Regarding the testing for construct validity, some 
hypotheses about expected differences between instru-
ments were formulated by the reviewer team:

1. Strong correlation (at least 0.50) was expected if a 
related construct was measured with the comparator 
instrument.

2. Correlation between different modalities or dimen-
sions of imagery, e.g. between vividness and auditory 
imagery, should be very low (< 0.30).

3. Correlation between subjective and objective assess-
ments of imagery ability should be very low (< 0.30).

4. Regarding known-group validity based on previous 
evidence, no any sex differences regarding imagery 
ability were expected.

Just recently, a modified Grading of Recommen-
dations Assessment, Development, and Evaluation 
(GRADE) approach for grading the quality of the evi-
dence in systematic reviews of PROMs was intro-
duced [53]. Four of the five GRADE factors have been 
adopted for evaluating measurement properties in 
systematic reviews of PROMs: risk of bias (e.g. the 
methodological quality of the studies), inconsistency 
(e.g. unexplained inconsistency of results across stud-
ies), imprecision (e.g. total sample size of the available 
studies) and indirectness (e.g. evidence from differ-
ent populations than the population of interest in the 
review). The GRADE approach was applied if studies 
evaluated the same instrument regarding language and 
version and the same population. Studies reporting 
psychometric properties of assessments tested with 
athletes and students were not pooled. Using the mod-
ified GRADE approach, the quality of the evidence is 
graded as high, moderate, low or very low (Table  2) 
[53, 64].

Results
In total, 3922 references were retrieved in October, 2017. 
The search update in January 2021 resulted in 1616 addi-
tional references. We identified 78 additional references 
through reference list screening. The kappa statistic after 
screening of titles and abstracts was 0.83 (almost per-
fect), and the percentage agreement between the raters 
was 98%. After selecting the full texts, the kappa was 0.76 
(substantial) and 85% percentage agreement was estab-
lished. All distinguish between reviews have been dis-
cussed and the reviews agree on a decision.

Finally, 121 articles reporting 155 studies and describ-
ing 65 assessments from four disciplines were included in 
the present review. We categorised assessments based on 
their construct:

1. Motor imagery = movement imagery without engag-
ing in its physical execution

2. Mental imagery in four sub-categories:

(a) General mental imagery in any sensorial 
modality,

(b) Spatial imagery or mental rotation = ability to 
rotate or manipulate mental images),

(c) Distinguish between use of different cognitive 
style (e.g. verbal versus visual), and

(d) Use of mental imagery (frequency of use in 
daily life).

3. Mental chronometry as temporal coupling between 
real and imagined movements.

Table 2 Modified GRADE

The starting point is the assumption that the evidence is of high quality. The 
quality of evidence is subsequently downgraded with one or two levels for each 
factor (e.g. risk of bias, inconsistency, imprecision, indirectness) to moderate, 
low or very low when there is risk of bias (low study quality), (unexplained) 
inconsistency in results, or indirect results. N sample size

Quality of evidence Lower if

High Risk of bias
Moderate − 1 Serious

Low − 2 Very serious

Very low − 3 Extremely serious

Inconsistency
− 1 Serious

− 2 Very serious

Imprecision
− 1 total n = 50–100

− 2 total n < 50

Indirectness
− 1 Serious

− 2 Very serious
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Most studies were carried out in the fields of psychol-
ogy and sport. We identified many assessments, which 
have been evaluated only with psychology students. 
Therefore, it was unclear whether those assessments 
should accordingly only be applied in the field of psy-
chology. We defined such assessments as ‘not discipline 
specific’. Moreover, most studies evaluated different psy-
chometric properties and according to COSMIN, each 
evaluation of a measurement property was separately 
assessed on its methodological quality. The overall rating 
of the quality of each study should be determined by tak-
ing the lowest rating of any standard in the box (e.g. ‘the 
worst score counts’ principle) [58]. Furthermore, it was 
difficult to define a reasonable ‘gold standard’ for assess-
ing criterion validity. If the authors correlated the score 
of a new instrument with an already established, widely 
used and well-known instrument, we considered the 
comparison as test for construct validity. Only if a short-
ened version was compared with the original version, we 
considered the comparison as test for criterion validity 
(proposed by COSMIN [64]).

Motor imagery assessments
In total, 33 out of the 121 articles focused on 15 motor 
imagery assessments: Florida Praxis Imagery Question-
naire (FPIQ), Imaprax, Kinesthetic and Visual Imagery 
Questionnaire (KVIQ-20) and short version KVIQ-
10, Movement Imagery Questionnaire (MIQ), Revised 
Movement Imagery Questionnaire (MIQ-R), Movement 
Imagery Questionnaire-Revised second version (MIQ-
RS), Movement Imagery Questionnaire-3 (MIQ-3), 
Movement Imagery Questionnaire for Children (MIQ-
C), Test of Ability in Movement Imagery (TAMI), Test 
of Ability in Movement Imagery with Hands (TAMI-H), 
Vividness of Movement Imagery Questionnaire (VMIQ), 
Vividness of Haptic Movement Imagery Questionnaire 
(VHMIQ), Revised Vividness of Movement Imagery 
Questionnaire-2 (VMIQ-2) and the Wheelchair Imagery 
Ability Questionnaire (WIAQ). The characteristics of the 
included studies, their ‘risk of bias assessment/rating’, and 
their psychometric properties are presented in Tables  3 
and 4. The general characteristics of included instru-
ments are presented in the Additional file 3: Table 1S.

Motor imagery assessments: validity
Risk of bias rating
In total, 30 out of the 33 motor imagery articles reported 
structural, criterion or construct validity. Only ten stud-
ies [6, 43, 73, 74, 77–80, 83, 89] were rated as very good 
or adequate and 12 studies [27, 67–69, 75, 76, 82, 84, 
85, 88, 92, 93] were rated as inadequate regarding their 
methodological quality. The ‘risk of bias assessment/rat-
ing’ could not be applied to the study by Hall et al. [72] 

due to insufficient reporting on statistical methods that 
were performed.

Measurement properties
There is high evidence for sufficient structural validity 
regarding the MIQ-R, MIQ-3 and VMIQ-2 assessments. 
The MIQ-C showed also sufficient structural valid-
ity but with moderate evidence (only one study of very 
good methodological quality). Construct validity of the 
MIQ and WIAQ was sufficient, but with low evidence 
(one study per assessment with doubtful quality). The 
FPIQ and Imaprax were not evaluated for validity. Fur-
ther, the structural and construct validity of the KVIQ 
(original and short versions) for different language ver-
sions ranged from insufficient to sufficient between stud-
ies. These psychometric properties were evaluated with 
different populations (e.g. healthy individuals, patients 
after a stroke, Parkinson’s disease (PD), multiple sclerosis 
(MS), or patients with orthopaedic problems). However, 
only one study per subgroup was identified, which meant 
that pooling the data was not feasible. Furthermore, 
the construct validity of the KVIQ was sufficient in two 
studies (with PD or with MS patients), but both studies 
had a very small sample size (N < 15) and were there-
fore downgraded for imprecision. Moreover, structural 
and construct validity of the MIQ-RS, TAMI, TAMI-
H and VMIQ reported in several studies were rated as 
indeterminate.

Motor imagery assessments: Reliability
Risk of bias rating
In total, 29 out of the 33 motor imagery articles reported 
development, internal consistency or test-retest reliabil-
ity. Nine studies [7, 31, 73, 79–82, 85, 90] were rated as 
very good or adequate regarding their methodological 
quality. A total of 15 studies [27, 43, 67, 71, 72, 74–76, 78, 
83, 84, 86–89] showed doubtful methodological quality 
and five studies [66, 68–70, 77] were rated as inadequate.

Measurement properties
The test-retest reliability of several assessments was 
insufficient or indeterminate due to a lack of details 
reported in the studies, e.g. how reliability was calculated. 
For example, authors of several studies did not calculate 
the intraclass correlation coefficient (ICC) and stated that 
a ‘reliability coefficient’ or ‘reliabilities’ were calculated 
without specific description on the types of coefficients 
that were calculated (e.g. ICC, Pearson or Spearman cor-
relations). In most cases, internal consistency was insuf-
ficient or indeterminate due to low evidence for sufficient 
structural validity. Only the MIQ-R, MIQ-3 and VMIQ-2 
revealed a very clear sufficient internal consistency with 
a high evidence (multiple studies of at least adequate 
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methodological quality) which corresponds to a suf-
ficient structural validity. The KVIQ showed sufficient 
test-retest reliability but with low evidence. However, the 
results were summarised only for patients after a stroke.

Only two studies [76, 83] reported a sample size 
calculation. For the MIQ, MIQ-R, MIQ-3, VMIQ, 
VMIQ-2, KVIQ, and TAMI, the results were qualitatively 
summarised and reported in the Summary of Findings 
(SoF) Table (Additional file 4: Table 2S).

Mental imagery assessments
In total, 90 out of 121 articles reported mental imagery 
assessments. Based on their construct, we divided the 
assessments into three subgroups:

(1) General mental imagery ability assessments (n 
= 24): Auditory Imagery Scale (AIS), Auditory 
Imagery Questionnaire (AIQ), Bucknell Auditory 
Imagery Scale (BAIS), Betts Questionnaire Upon 
Mental Imagery (150 items, QMI), Betts Ques-
tionnaire Upon Mental Imagery (shorted 35 items, 
SQMI), Clarity of Auditory Imagery Scale (CAIS), 
Gordon Test of Visual Imagery Control (TVIC), 
Imaging Ability Questionnaire (IAQ), Imagery 
Questionnaire by Lane, Kids Imaging Ability Ques-
tionnaire (KIAQ), Mental Imagery Scale (MIS), 
Plymouth sensory imagery Questionnaire (Psi-Q), 
Sport Imagery Ability Measure (SIAM), Revised 
Sport Imagery Ability Measure (SIAM-R), Sport 
Imagery Ability Questionnaire (SIAQ), Survey of 
mental imagery, Visual Elaboration Scale (VES), 
Vividness of Olfactory Imagery Questionnaire 
(VOIQ), Vividness of Object and Spatial Imagery 
Questionnaire (VOSI), Vividness of Visual Imagery 
Questionnaire (VVIQ), Revised version Vividness 
of Visual Imagery Questionnaire (VVIQ-2), Viv-
idness of Visual Imagery Questionnaire- Revised 
version (VVIQ-RV), Vividness of Visual Imagery 
Questionnaire-Modified (VVIQ-M), Vividness of 
Wine Imagery Questionnaire (VWIQ).

(2) Assessments to evaluate ability to rotate or manipu-
late mental images- mental rotation (n = 12): Card 
Rotation Test, Cube-cutting Task (CCT), Ger-
man Test of the Controllability of Motor Imagery 
(TKBV), Hand laterality task, Judgement test of 
foot and trunk laterality, Map Rotation Ability 
Test (MRAT), Mental Paper Folding (MPF), Men-
tal Rotation of Three-Dimensional Objects, Meas-
ure of the Ability to Form Spatial Mental Imagery 
(MASMI), Measure of the Ability to Rotate Men-
tal Images (MARMI), Shoulder specific left right 

judgement task (LRJT), Spatial Orientation Skills 
Test (SOST).

(3) Assessments of mental imagery to distinguish 
between the use of different cognitive styles (n = 
7): Object-Spatial Imagery Questionnaire (OSIQ), 
Object-Spatial Imagery and Verbal Questionnaire 
(OSVIQ), Paivio’s Individual Differences 
Questionnaire (3 IDQ versions with 86 items, 
72 items and 34 items) w, Sussex Cognitive 
Styles Questionnaire (SCSQ), Verbalizer-Visualizer 
Questionnaire (VVQ).

(4) Assessments to evaluate use of imagery (n = 5): 
Children’s Active Play Imagery Questionnaire 
(CAPIQ), Exercise Imagery Questionnaire - Aerobic 
Version (EIQ-AV), Sport Imagery Questionnaire 
(SIQ), Sport Imagery Questionnaire for Children 
(SIQ-C), Spontaneus Use of Imagery Scale (SUIS).

Tables  5 and 6 present the characteristics of included 
studies, the ‘risk of bias assessment/rating’ and the 
psychometric properties. The general characteristics 
of included instruments as well as SoF are presented in 
Additional files 5 and 6: Tables 3S and 4S.

Mental imagery assessments: Validity
Risk of bias rating
In total, 68 out of the 90 articles reported validity. A total 
of 18 studies [28, 42, 96, 102, 106, 111, 124, 125, 130, 141, 
142, 146, 148, 150, 153, 157, 161, 166] were rated as very 
good or adequate and 21 studies [22, 35, 94, 98, 104, 109, 
112, 115, 118, 119, 121, 127, 136, 145, 151, 152, 160, 162, 
163, 165, 168] were rated as inadequate regarding their 
methodological quality.

Measurement properties
The structural, construct, content and criterion validity 
of most assessments were indeterminate due to lack of 
details reported in the studies regarding statistical meth-
ods and analysis (for more details see Tables  5 and 6). 
Some information about performed factor analyses such 
as factor loading by EFA or correlation between factors 
are not reported. Or the authors conducted an EFA, for 
which several items were loaded on more than on factor, 
which could indicate that these items should be deleted. 
However, for mostly assessments, a confirmatory fac-
tor analysis (CFA) is missing to confirm the number of 
extracted factors. Regarding rating of construct validity, 
the reviewers have formulated own hypotheses depend-
ing on comparator instruments and constructs meas-
ured. However, it was not possible for the reviewers to 
formulate a hypothesis in all cases as in some studies the 
information on the comparison instrument and the con-
struct to be measured was insufficient. Consequently, 
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the construct validity was rated as indeterminate. Finally, 
only the SIAQ revealed sufficient structural and con-
struct validity in several studies of at least adequate 
methodological quality. There is moderate evidence (two 
studies with at least adequate methodological quality) for 
sufficient structural validity of the SIQ. The SIQ-C, on 
the other hand, has a low evidence for insufficient rat-
ing of structural validity (only two studies with doubtful 
methodological quality available).

Mental imagery assessments: Reliability
Risk of bias rating
In total, 74 out of the 90 articles reported reliability. A 
total of 34 studies [29, 94–97, 102, 103, 105–107, 111, 
112, 116, 118, 119, 124–126, 133, 137–140, 142, 145, 148, 
150, 152–154, 157, 158, 168, 169] were rated as very good 
or adequate. A total of 22 studies [30, 34, 35, 41, 42, 98, 
99, 101, 104, 108, 114, 115, 121, 122, 129, 132, 141, 143, 
146, 156, 160, 170] were rated as inadequate regarding 
their methodological quality.

Measurement properties
The internal consistency or Cronbach’s alpha values of 
most assessments were reported as very high. However, 
for a quality rating of the internal consistency, the struc-
tural validity should also be taken into account, which 
finally led to an insufficient or indeterminate rating of 
this psychometric property. Other reasons for an insuf-
ficient rating were that in several studies the Cronbach’s 
alpha was calculated as multidimensional total score and 
not for each subscale. Only the SIAQ showed sufficient 
internal consistency with high evidence (multiple studies 
of very good methodological quality). Test-retest relia-
bility was insufficient or indeterminate for most assess-
ments due to an inappropriate time interval between the 
measurement sessions, and a poor reporting on the reli-
ability coefficient calculation.

Mental chronometry
Only one study [44] evaluated two assessments on mental 
chronometry: Time-dependent motor imagery screen-
ing test (TDMI) and Temporal Congruence Test (TCT) 
(Table 7). Both assessments showed sufficient test-retest 
reliability. No information about validity was provided. 
However, the methodological quality of this study was 
considered doubtful due to the small sample size.

Discussion
Quality of studies and assessments
The aim of this systematic review was to evaluate all 
available assessments measuring individual imagery abil-
ity and their psychometric properties. Assessments were 
categorised based on their construct: motor imagery, 

mental imagery, and mental chronometry. A summary of 
the current level of evidence regarding the psychometric 
properties of the selected assessments is provided in the 
Tables 3, 4, 5, 6, and 7. All specific characteristics of the 
included assessments are presented in the supplementary 
material (Tables S1 and S3). In total, 121 articles were 
included reporting 155 studies evaluating psychomet-
ric properties of 65 assessments in four different disci-
plines. Articles reported data either about reliability or 
about validity. No study evaluated the responsiveness, 
which is defined as the ability of an instrument to detect 
change over time in the construct to be measured [171]. 
One possible reason for not reporting on responsiveness 
might be that the imagery ability or different imagery 
techniques are used for motor learning, to enhance per-
formance, or to treat different psychological disorders. 
Hence, the outcome measured is not an improvement 
of imagery ability, and therefore, responsiveness was not 
evaluated.

We included in our SR only assessments that comprise 
items that solely focus on imagery ability. Assessments 
like the Sport Mental Training Questionnaire (SMTQ) 
[172] were excluded, as the majority of items focus on 
mental skills, such as performance, foundation, or inter-
personal skills. Only three items of the SMTQ are focus-
sing on imagery ability.

The methodological quality of most included stud-
ies was rated low. The reasons for this rating were for 
instance: a small sample size, inadequate statistical analy-
sis or insufficient information reported. In particular, 
several studies calculated Cronbach’s alpha as multidi-
mensional total score for internal consistency and not 
for each subscale of the assessment. The lack of reporting 
could lead to inaccuracy, because it is important to know 
the degree of inter-item correlation among the items for 
each subscale. Furthermore, some studies calculated the 
split-half reliability to report internal consistency. With 
this method, the correlation coefficient may not rep-
resent an accurate measure of reliability due to the fact 
that a single scale is being split into two scales, decreas-
ing the reliability of the measure as a whole [173]. As 
proposed by COSMIN, we would recommend to calcu-
late and report the internal consistency coefficient (usual 
Cronbach’s alpha for continuous scores) for each subscale 
separately. Specifically for structural validity, the authors 
did not report all details about the number of extracted 
factors by the EFA, the correlations among factors, the 
rotation methods applied and model fits from CFA (if 
performed). Furthermore, regarding construct validity, in 
some cases no information about the comparator instru-
ment was available. Here, it was not possible to formu-
late a hypothesis by the reviewer to evaluate construct 
validity. Regarding the test-retest reliability, in several 
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studies Person’s or Spearman’s reliability coefficient was 
calculated and no ICC. COSMIN recommends to calcu-
late the ICC a two-way random effects model as the vari-
ance within individuals (e.g. systematic differences) and 
between time points taken into account this way. Using 
Pearson’s and Spearman’s correlation coefficient, sys-
tematic error is not taken into account [64]. Moreover, 
the time interval for test-retest reliability was sometimes 
not appropriate (more than 3 weeks apart), which could 
explain a low (< 0.70) correlation coefficient.

One possible reason for poor reporting is that the 
majority of the instruments were developed during the 
early 90s. A practical guide for conducting and reporting of 
such studies was published much later [52, 57, 58, 64, 174].

Further, reporting deficits in the selected studies 
resulted in an only substantial agreement with regard to 
the kappa statistic calculated between the ratings of ZS 
and CSA after full texts’ selection. For example, some 
reports did not use the usual terms for psychometric 
properties when describing the study aim [129, 167]. 
This led to a confusion among the authors (ZS and 
CSA) in their attempt to determine which psychometric 
properties were evaluated.

The psychometric properties for most of the 
assessments regarding construct validity (e.g. correlation 
with other measures) and criterion validity were 
rated as indeterminate or insufficient. These findings 
corresponded to previous studies [39, 48]. A possible 
explanation could be that most of these questionnaires 
are self-reports and the individuals should express the 
ease or vividness of imagery in relation to the Likert 
scale. There are no references or standards against 
which reports of imagery experience can be validated. 
This is not trivial, considering that the idea about what 
a vivid image is can vary greatly from person to person. 
Moreover, the objective and subjective assessments 
showed low correlation suggesting that these two types 
of imagery (object and spatial) are not related to each 
other. Previous studies reported the same findings [22, 
34, 35]. Structural validity by most assessments was also 
considered as indeterminate or insufficient. For example, 
in several studies, when evaluating Betts Questionnaire, 
the GTVIC, or the CAIS, only the EFA was conducted 
and reported. Depending on the method of analysis 
used in different studies, the number of extracted factors 
varied greatly. No study conducted a CFA to confirm 
the number of factors identified. Further, particularly 
the evaluation of the Betts Questionnaire by various 
studies [102, 104, 161] showed that some items seem 
to be unstable on the kinaesthetic and the visual scale 
and should be removed. This is very interesting, as 
most of the other assessments for measuring individual 
differences in imagery were developed based on the Betts 

Questionnaire as a pioneer assessment, whose structural 
validity may be considered as indeterminate.

Almost all studies, when reporting psychometric 
properties of the comparator instrument or the ‘gold 
standard’ instrument, only reported about reliability (e.g. 
internal consistency), which is in most cases very high. 
Such assessments often lacked structural or criterion 
validity but authors did not critically discuss that. In 
addition, most studies were only conducted with students 
aged 12–28 years, who received a course credit for study 
participation.

The best-evaluated assessments with sufficient psy-
chometric properties were the MIQ, MIQ-R, MIQ-3 
and VMIQ-2 for evaluation of motor imagery ability. 
They are mostly applied in the field of sport. All assess-
ments are self-reports, very easy to use and evaluate 
vividness in two modalities: visual and kinaesthetic. 
Moreover, the MIQ-3 and VMIQ-2 evaluate also the per-
spective used during imagination: external or internal. 
The MIQ-3 is translated into several languages, which 
enables a wide use. The SIAQ as mental imagery assess-
ment in sport showed sufficient psychometric proper-
ties, but the SIAQ is not able to distinguish between ease 
of imaging and vividness. The VVIQ was evaluated only 
with psychology students, and only internal consistency 
was sufficient. In the field of medicine, the KVIQ is the 
most evaluated assessment, focusing on vividness in two 
modalities: visual and kinaesthetic. The original version 
KVIQ-20 is translated into several languages, but due to 
the number of items, applying the KVIQ-20 can be quite 
time-consuming. Structural validity is particularly critical 
and further studies with large sample sizes and the use 
of a CFA are needed. Although all assessments described 
above are self-report, easy to use and cost-effective, a 
general limitation of these assessments is that they do not 
allow to control for imagery ability before or during an 
experiment.

Our results demonstrate that there are a number of 
published instruments for measuring the imagery abil-
ity in different disciplines. We categorised all assess-
ments based on their construct and a clear differentiation 
between the terms ‘motor imagery’ and ‘mental imagery’. 
These terms are often confused in the literature.

Limitations regarding the COSMIN recommendations
As proposed by COSMIN, sample sizes are not taken 
into account when assessing study quality in terms of 
reliability. It is recommended, however, that sample size 
should be taken into account at a later step of the review 
process when the results of all available studies can be 
summarised (e.g. as imprecision, which refers to the total 
sample size). Hence, the pooled evidence from many 
small studies together can provide strong evidence for 
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good reliability [64]. However, in our review, it was not 
possible to pool or qualitatively summarise the results 
from all small studies with n = ≤30 due to their different 
subgroups of patients, different language versions and 
inconsistency of results. Therefore, we downgraded 
every study with a small sample size for imprecision as 
having a risk of bias. We used the ‘other flaws’ option to 
take this into account. For other psychometric properties 
like content validity or structural validity, there are 
standards concerning the sample size. However, some 
measures were developed and evaluated only for a 
specific population (e.g. patients) [68, 69]. Therefore, 
a large sample size is often not feasible, but robust data 
can be expected due to homogeneity. In cases where we 
estimated the sample size to be low, most of these studies 
were of inadequate methodological quality [67–69]. 
On the other hand, several studies with a large sample 
size (e.g. students), when the target population for a 
specific measure was not clearly described, were rated as 
‘adequate’ or ‘very good’ [141, 142].

In our opinion, the studies with healthy individuals 
(students, athletes, etc.) or with patients should be more 
differentiated during evaluation following the COSMIN 
guideline.

Systematic review limitations and strengths
A limitation of our systematic review is that we did not 
emphasize on content validity of the evaluated assess-
ments. We rated content validity only in case the authors 
did specify this as one of their study aims and included a 
sufficient description of the performed procedures. How-
ever, there were some questionnaire development stud-
ies, which could be considered assessing content validity. 
Nevertheless, most of the questionnaire development 
studies lacked important information about whether the 
target population was asked about relevance, compre-
hensiveness and comprehensibility of the questionnaire 
under development. The authors focused on reporting 
the validation steps. Therefore, we could not conclude, 
if the evaluation of content validity was not performed 
or not reported. Furthermore, we used the COSMIN 
evaluation tool, a widely accepted and valid tool for rat-
ing the methodological quality of studies. However, the 
COSMIN evaluation of methodology is strictly based 
on information published in the studies. As most iden-
tified articles were published more than 20 years ago, 
authors could not be contacted to request additional 
details. Therefore, some ratings as ‘doubtful’ could have 
been inequitable. In addition, our search was limited to 
English or German, so relevant articles may have been 
excluded. We applied the filter published by Terwee 
et al. [54] and adapted it for each database. However, we 
identified many articles by screening the references. The 

main reason why our filter did not find such articles is 
that the measurement properties are sometimes poorly 
reported in the abstract and some authors did not use 
any commonly used term for measurement properties in 
the title or abstract of their article. There is a large vari-
ation concerning terminology for measurement proper-
ties. For example, for reliability, many synonyms can be 
found in the literature (e.g. reproducibility, repeatability, 
precision, variability, consistency, dependability, stability, 
agreement, and measurement error) [54]. However, the 
composition of the search strategy and the search itself 
were conducted by a professional research librarian from 
the University of Zurich in accordance with the review 
protocol providing a comprehensive search and detailed 
knowledge of different databases in all four disciplines. 
Therefore, the search was easily reproduced and verified 
by ZS resulting in the same number of identified records. 
Moreover, all references were selected by two authors 
(ZS and CSA) and several reviewers extracted and dou-
ble-checked all the data from the included articles, which 
limited the risk of errors in the extraction process.

Conclusion
Over the last century, various assessments were devel-
oped to evaluate an individual’s imagery ability within 
different dimensions or modalities of imagery: vivid-
ness or image clarity, controllability, ease and accuracy 
of how an image can be mentally manipulated, per-
spective used, frequency of use of imagery and imagery 
preferences (verbal or visual style). However, the valid-
ity of many assessments is insufficient or indeterminate. 
Although reliability, in particular internal consistency, of 
most assessments was reported as high (Cronbach’s alpha 
> 0.70), due to insufficient or indeterminate structural 
validity this property of imagery assessment should also 
be regarded very critically. Furthermore, the COSMIN 
recommendations classified most studies as inadequate 
or doubtful due to small sample sizes, inadequate sta-
tistical analyses used, or an insufficient reporting. Most 
studies were conducted with young students and further 
studies are needed in other fields and wider age ranges.

Despite the limitations described, the present system-
atic review enables clinicians, coaches, teachers, and 
researchers to select a suitable imagery ability assessment 
for their settings and goals based on information pro-
vided regarding the assessment’s focus and quality.
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