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Abstract. A computer-based version of the Vividness of Movement Imagery Questionnaire (VMIQ-2) was tested and compared with the print
version. Psychometric characteristics of the print version were replicated with the computer-based version using a between-subject design in
Study 1 (n1 = 240; n2 = 254) and using a within-subject design in Study 2 (N = 285). Confirmatory factor analyses replicated the three-dimensional
structure of the VMIQ-2. Model fits, test–retest reliability, interfactor correlations, and correlations with other questionnaires did not differ
significantly between the computer-based and print versions. Convergent validity was shown by significant correlations with the Movement
Imagery Questionnaire 3. The computer-based version of the VMIQ-2 is considered a valid instrument to measure vividness of action imagery.
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Originally, the Vividness of Movement Imagery Ques-
tionnaire (VMIQ-2; Roberts et al., 2008) has been set up in
a print version. However, computer-based questionnaires
offer several advantages which will be outlined in the
following. It was the aim of the present study to investigate
whether a computer-based version of the VMIQ-2 mea-
sures the same construct and reveals similar item char-
acteristics as the print version. A computer-based version
of the Sport Imagery Ability Measure (Watt et al., 2004)
has already been validated and showed similar item
characteristics as the print version (Ruiz et al., 2018).
However, a computer-based version of the more fre-
quently used VMIQ-2 (Roberts et al., 2008) has not been
validated yet.

By assessing the vividness of imagined movements, the
questionnaire measures an important dimension of action
imagery (Cumming & Eaves, 2018). Action imagery refers
to the representation of an action without actually per-
forming it (Jeannerod, 1994). Instead of the more common
wording motor imagery, the term action imagery is used in
the present studies to emphasize that the imagination of
movements goes beyond kinesthetic (motor) representa-
tions involving also visual, tactile, acoustic, olfactory, and
gustatory representations (Cumming & Eaves, 2018).
Particularly, visual and kinesthetic aspects have received
more attention than other modalities (Jeannerod, 1994;
Roberts et al., 2008; Williams et al., 2012). This may be
since, in contrast to the other modalities, visual and

kinesthetic aspects provide relevant information in all
kinds of actions. For the visual modality, it is important to
take perspectives into account. External visual imagery
(EVI) involves imagining oneself from a third-person
perspective like watching oneself on a video. Internal vi-
sual imagery (IVI) involves imagining from a first-person
perspective like seeing with one’s own eyes. Kinesthetic
imagery (KIN) involves imagining the feeling of the
movement. The preferences for modalities and perspec-
tive differ across imagers (Dana & Gozalzadeh, 2017;
Moran et al., 2012). The VMIQ-2 aims to assess an indi-
vidual’s ability to create vivid images in EVI, IVI, and KIN
of 12 daily actions such as kicking a stone or riding a bike
(Roberts et al., 2008). The three subscales are expected to
correlate with each other, as they all contribute to vivid-
ness of action imagery (Dahm et al., 2019; Roberts et al.,
2008). Therefore, in Study 1, the expected three-
dimensional structure (Dahm et al., 2019; Roberts et al.,
2008) will be tested against a general-factor model (Eid
et al., 2018; Gignac & Kretzschmar, 2017).

Being part of the same construct (action imagery ability),
vividness of action imagery, ease of action imagery gen-
eration, controllability of action imagery, andmaintenance
of action imagery are expected to converge (Dahm, 2020).
Indeed, strong correlations (.30 < r < .70) have been ob-
served between vividness of action imagery (measured with
the VMIQ-2) and the ease of action imagery generation
(measured with the Movement Imagery Questionnaire
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Revised [MIQ-R]; Roberts et al., 2008). Furthermore, weak
correlations (.10 < r < .30) have been observed between
action imagery generation (measured with the MIQ-3) and
the imagery subscales (skill, strategy, goal, affect, and
mastery) of the Sport Imagery Ability Questionnaire (SIAQ;
Williams et al., 2012). A comprehensive analysis of con-
vergent validity combining the latest versions of the most
common action imagery questionnaires (VMIQ-2, MIQ-3,
and SIAQ) has not been performed yet. Therefore, con-
vergent validity and discriminant validity will be explored in
more detail in Study 2.
The VMIQ-2 (Roberts et al., 2008) has been used in

studies to exclude participants who are not able to generate
vivid imagery (Callow et al., 2013; O’Shea & Moran, 2019).
Furthermore, it can be used to evaluate whether the viv-
idness of action imagery changes over time (Abraham et al.,
2019). In applied settings, the assessment of vividness of
action imagery may predict individual improvements after
action imagery practice. Action imagery practice refers to
the repetitive and systematic use of action imagery to im-
prove executed performance (Driskell et al., 1994). It has
been shown that more vivid imagers benefit more from
action imagery practice than less vivid imagers (Isaac,
1992). Looking at it the other way round, high-level ath-
letes reported more vivid images of actions than low-level
athletes (Roberts et al., 2008). Therefore, higher ratings in
vividness of action imagery were expected in active subjects
than in nonactive subjects in Study 2.
The VMIQ-2 is designed to assess vividness of action

imagery in active and nonactive adults. In Study 1, two
younger (18–35 years) student samples were compared. In
Study 2, an older (18–65 years) student and nonstudent
sample was assessed. The present studies aimed to vali-
date a computer-based version of the German version of
the VMIQ-2 (Dahm et al., 2019). In the present study,
computer-based testing does not imply adaptive testing
(Green et al., 1984), but only presenting the items of the
print version in its original order. Hence, in the present
study, computer-based testing refers to the presentation of
items on a notebook screen and that participants enter
their responses using an external computer mouse. In
contrast, in the print version, the items are presented on
paper and data are entered with a pencil. It was the aim of
the present studies to disentangle whether there are dif-
ferences between computer-based assessments and print
assessment per se, thereby avoiding other possible con-
founds (e.g., online computer-based assessments vs. off-
line print assessments or adaptive computer-based
assessments vs. nonadaptive print assessments). Fur-
thermore, Study 2 goes beyond that comparison by in-
cluding subtle adaptations to improve the assessment.
The advantages of computer-based testing are three-

fold. First, in paper–pencil questionnaires, participants

enter data in a first step. In a second step, to analyze the
data, an experimenter enters the data into a computer. In
computer-based testing, there is no need for a second step
for data entry. This saves time and prevents possible
copying errors. Second, response times can be assessed
more accurately in computer-based testing than in
paper–pencil tests. For instance, it is possible to investigate
whether response times differ between items. Third, in
computer-based testing, it is possible to give immediate
feedback. For instance, if items were left out by the par-
ticipant, the items can be highlighted visually. As such,
missing data can be prevented. Furthermore, individual
criteria may be set and analyzed in real-time during the
assessment. For instance, in studies, participants may be
excluded at the very start of the study. In addition, par-
ticipants may receive an immediate individual feedback
about their scoring characteristics at the end of the
assessment.
Some guidelines (Groth-Mamat & Schumaker, 1989;

Schroeders, 2009; Ziegler, 2020) suggest that comput-
erized testing methods should be checked for validity and
equality with the print version (Bugbee, 1996). Previous
investigations have shown that print and computer-based
versions may differ in item difficulties and cognitive
workload (Noyes & Garland, 2008). Furthermore, infor-
mation and communication technology literacy has been
shown to contribute on differences between the print and
computer-based assessments in reading comprehension
(Wang et al., 2007, 2008). Considering action imagery, it
has been shown that the methodological setting can in-
fluence the assessment (Anuar et al., 2016). More vivid
images were reported if participants incorporated the
physical position and received external materials that were
appropriate for the required action than if participants
were sitting in a quiet room without additional materials
(Anuar et al., 2016).
The present validation of a computer-based version of

the German VMIQ-2 (Dahm et al., 2019) involved two
studies. In Study 1, a between-subject design was applied.
The original data of the German print version (Dahm et al.,
2019) were compared with the data of a computer-based
version using confirmatory factor analyses. Furthermore,
test–retest reliability was compared between both ver-
sions. In Study 1, metric measurement invariance was
expected to indicate that the print and computer-based
versions measure the same construct. Scalar (or even
strict) measurement invariance was not expected because
the samples may differ per se as they were not randomly
picked from the same population. To overcome the latter
issue, a within-subject design was applied in Study 2. Using
the same sample for the print and computer-based ver-
sions, equal means and equal variances were expected
indicating strict measurement invariance. Furthermore,
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equal correlations with other constructs were expected to
indicate tau equivalence (Allen & Yen, 1979). Study 2 goes
beyond previous studies by examining the nomological net
of vividness of action imagery with several questionnaires
as criterion variables to check for discriminant and con-
vergent validity. In addition, construct validity is tested in
Study 2 by comparisons of active and nonactive
subpopulations.

Study 1

In Study 1, differences between the print and computer-
based versions were intentionally kept at a minimum. To
test for equivalence, it is essential to restrict the use of
technology to the essential parts of the measurement
(Schroeders, 2009).

Each item of the VMIQ-2 involves two theoretical as-
pects: imagery modality and imagined action (Figure 1).
Therefore, a multitrait multimethod (MTMM) approach
with a correlated trait–correlated uniqueness model
(Kenny, 1976) assuming 3 factors (EVI, IVI, KIN) and 12
actions has been shown to fit better than models without
the MTMM approach (Dahm et al., 2019; Roberts et al.,
2008). Hence, not only items of the same modality factor
incorporate shared variances, but also items of the same

action (imagined in different modalities). Furthermore, six
action categories have been proposed with each category
represented by two items (Dahm et al., 2019; Roberts et al.,
2008). Therefore, shared variances were expected for
items of the same action category (imagined in the same
modality).

For the factors of the VMIQ-2, the MTMM model with
three factors has been shown to fit better than a single-
factor model (Dahm et al., 2019; Roberts et al., 2008).
However, a better fit of the correlated-factor model over
the one-factor model does not necessarily indicate that the
factors are distinct (Gignac & Kretzschmar, 2017). To our
knowledge, a g-factor model has not been tested
yet although it has been assumed due to the interfactor
correlations (.39 < r < .63; Dahm et al., 2019; Roberts et al.,
2008). In a nested/bifactor model, a g-factor may indicate
general action imagery ability, whereas the subscales in-
dicate preferences for EVI, IVI, and KIN.

Methods: Study 1

Participants
On the basis of internal consistency (α = .90) and inter-
factor correlations (r = .40) of previous studies (Dahm
et al., 2019; Roberts et al., 2008), a minimal sample size of
220 was estimated (Kretzschmar & Gignac, 2019). Two

Figure 1. Depiction of the factor model.
Circles correspond to latent factors
(EVI = external visual imagery, g = general
action imagery, IVI = internal visual imag-
ery, KIN = kinesthetic imagery). Ellipses
correspond to error variances. Each latent
factor on the left side involved 12 items, as
indicated with the dashed line. The higher-
order g-factor was only included in the g-
factor models where correlations between
the specific factors were set to zero. Only
in the optimized three-factor models, the
error variances of action categories (e.g.,
EVI1 and EVI2) were grouped together.
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hundred seventy-eight participants filled out the computer-
based version. A subsample of 187 participants completed
the computer-based version again after 6 weeks. The print
version data of 254 participants of a previous study were
reanalyzed (Dahm et al., 2019). A subsample of 78 par-
ticipants completed the print version again after 6 weeks.
Both computer-based and print data were collected in in-
dividual one-to-one assessments in a laboratory. Age,
handedness index (Oldfield, 1971), sex, and the highest
educational degree of the main samples are shown in
Table 1. All participants gave informed consent. Ethical
approval was given by the local ethics committee of the
university. Students received course credit for their
participation.

Material and Assessment
The German version of the VMIQ-2 was used (Dahm et al.,
2019). The VMIQ-2 includes 36 items (Roberts et al.,
2008). In the introduction, the concepts of EVI, IVI, and
KIN are explained. Twelve actions are then each imagined
from an external visual perspective, from an internal visual
perspective, and kinesthetically. After each imagination,
participants rate the vividness of the imagined action on a
rating scale from 1 (perfectly clear and vivid) to 5 (no
imagination, I only know that I am thinking about the action).
Note that low scores indicate vivid imagery which may be
contraintuitive because high abilities are often indicated
by high scores in other questionnaires (e.g., the MIQ-3;
Williams et al., 2012). The proposed action categories
(Isaac et al., 1986) are daily actions (walking, running),
actions that involve precision (kicking a stone, bending to
pick up a coin), actions that involve overcoming an ob-
stacle (running upstairs, jumping sideways), actions that

involve a manipulation of objects (throwing a stone into
water, kicking a ball in the air), fast actions that involve
balance (running downhill, riding a bike), and actions that
involve the control of objects/balance in the air (swinging
a rope, jumping off a high wall).
In the computer-based version, participants were in-

formed about the total number of pages of the questionnaire
in advance. Furthermore, the response behavior allowed an
individual item order and response corrections for the 12
items on each page. To prevent biases of the previous
mouse position, items were shown one below the other. The
computer-based VMIQ-2 is provided at https://osf.io/
xtmd9/. The freeware OpenSesame (Mathôt et al., 2012)
which is available at https://osdoc.cogsci.nl needs to be
installed in advance of the assessment. This software has
the advantage that it runs on Windows, Linux, and MacOS
systems. To use the script for data preparation, the freeware
R (RDevelopment Core Team, 2019) is available at https://
www.r-project.org.

Data Analysis
Satorra–Bentler corrected confirmatory factor analyses
were performed with the R package lavaan (Rosseel,
2012). The following fit indices were calculated: the
scaled Satorra–Bentler χ2 statistics (S-B χ2), ratio of χ2 to
degrees of freedom (χ2/df), the robust comparative fit
index (CFI), standardized root mean square residual
(SRMR), and the robust RMSEA. All models were ana-
lyzed with separate groups (print and computer-based).
First, the original three-factor model (Roberts et al.,
2008), an optimized three-factor model that takes ac-
tion categories into account, a nested g-factor model (Eid
et al., 2018; Gignac & Kretzschmar, 2017), and an opti-
mized nested g-factor model that takes action categories
into account were compared. Second, the best fitting
model was used to test for measurement invariance
across the print and computer-based versions. Mea-
surement invariance was tested in a stepwise procedure
by testing configural, metric, scalar, and strict invariance
between samples (Putnick & Bornstein, 2016).
To compare the models, Satorra–Bentler difference tests

were planned in case the configural model revealed a
nonsignificant χ2. However, due to the high number of
degrees of freedom, previous analyses of the VMIQ-2 re-
vealed significant χ2 (Dahm et al., 2019; Roberts et al.,
2008). Hence, nonsignificant χ2 results were not expected.
Therefore, alternative fit indices were considered in case
the models revealed a significant χ2. The alternative fit
indices are considered good with (a) a χ2/df ratio lower than
3:1, (b) a CFI higher than .95, (c) a SRMR lower than .1, and
(d) a RMSEA lower than .05 (Hair et al., 2019).
McDonald’s ω (Dunn et al., 2014) was calculated for in-

ternal consistency. The concordance correlation coefficient

Table 1. Sociodemographic data of the samples in Experiment 1

Sociodemographic variables Print Computer

Age in years, M (SD) 24 (5) 24.5 (4)

Handedness index, M (range) 86.9 (�100, 100) 92.3 (40, 100)

Sex, N

Female 175 166

Male 79 112

Highest educational degree, N

Compulsory school 3 6

Secondary school 4 7

Apprenticeship 16 24

High school 187 170

College/academy 5 6

University 39 65

Note. A handedness index of �100 indicates complete left handedness, 0
indicates ambiguous handedness, and +100 indicates complete right
handedness (Oldfield, 1971).
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(Lin, 1989) was calculated for test–retest reliability. The
significance level was set at .05 for all analyses.

Results: Study 1

The original three-factor model involved the assumptions
that the latent factors (EVI, IVI, KIN) correlate and that
items of the same action correlate. In addition to the as-
sumptions of the original three-factor model, items of the
same action category were expected to correlate in the
optimized three-factor model. In addition to these as-
sumptions, an independent higher-order general-factor
and orthogonal specific factors were expected in the g-
factor models (Eid et al., 2018). The model fits of the
original three-factor model, the optimized three-factor
model, the original g-factor model, and the optimized g-
factor model are shown in Table 2.

All models indicated a significant S-B χ2 (p < .001) in-
dicating poor model fit. Nevertheless, the alternative fit
indices indicated acceptable fit for the g-factor model and
the optimized 3-factor model. The original 3-factor model
revealed CFI (CFI = .92) below the critical value of .95 and
RMSEA (RMSEA = .056) above the critical value of .05 and
was therefore rejected. Although the optimized g-factor
model resulted in tendentially better fit indices than the
optimized 3-factor model, the g-factor model was dis-
carded after inspection of the factor loadings. The theo-
retical concept of the g-factor would have been a factor
that loads (similarly high) on all items indicating general
action imagery ability. However, the g-factor loaded
higher on the items of one of the specific factors than on
the items of the other two factors. Furthermore, and be-
cause this is critical, the factor loadings of this specific
factor (loading on the g-factor) were incoherent (range
from �.13 to +.77 in the print version; range from �.06
to +.53 in the computer-based version), resulting in low
reliability for this specific factor (EVI: ω = .83; IVI: ω = .64;
KIN:ω = .88). Therefore, the optimized 3-factor model was
chosen for further analysis.

In addition to the assumptions of the optimized three-
factormodel, themetric invariancemodel was additionally
constrained to equivalent factor loadings in the print and
computer-based versions (Table 2). Because the alterna-
tive fit indices of the metric model remained acceptable, a
scalar model was analyzed that accounts for equal inter-
cepts (means) in the print and computer-based versions.
Because the alternative fit indices of the scalar model
remained acceptable, a strict model was analyzed that
accounts for equal item residuals (sum of specific and error
variance).

Descriptive characteristics of the subscales involving
means, SDs, skew, kurtosis, McDonald’s ω (Dunn et al.,
2014), minimum factor loadings, and maximum factor
loadings are shown in Table 3.

Interfactor correlations between EVI, IVI, and KIN
were calculated with Pearson correlations (Table 4). To
compare interfactor correlations of the print and computer-
based versions, Fisher’s z tests were calculated. Correla-
tions between KIN and visual imagery (IVI and EVI) did not
differ significantly between the print and computer-based
versions. However, the correlation between the visual
perspectives EVI and IVI was significantly higher in the
computer-based version than in the print version. There-
fore, another model was analyzed for the computer-based
version that considered EVI and IVI as one single factor
for vision. However, the model fits were poor, S-B χ2

(539) = 1,083, p <. 001 χ2/df = 2, CFI = .89, SRMR = .07,
RMSEA = .071, 90% CI (.065, .077).

Test–retest reliability was calculated for EVI, IVI, KIN,
and the general VMIQ-2 score (Table 4). Fisher’s z tests
revealed no significant differences in test–retest reliability
between the print and the computer-based versions.

Discussion: Study 1

The psychometric parameters of the print and the
computer-based versions of the VMIQ-2 (Dahm et al.,
2019) were compared in a between-subject design.

Table 2. Robust and scaled model fits of confirmatory factor analyses testing for invariance between the print and computer-based versions of the
Vividness of Movement Imagery Questionnaire-2

Model S-B Χ2 (df) p Χ2/df CFI SRMR RMSEA [90% CI]

Three-factor original 1771 (1,110) <.001 1.6 .92 .065 .056 [.051, .061]

g-factor original 1,555 (1,044) <.001 1.5 .94 .054 .051 [.046, .056]

g-factor optimized 1,325 (1,008) <.001 1.3 .96 .06 .041 [.034, .047]

Three-factor optimized 1,459 (1,074) <.001 1.4 .96 .059 .043 [.038, .049]

Three-factor metric 1,495 (1,107) <.001 1.4 .96 .065 .043 [.037, .048]

Three-factor scalar 1,546 (1,140) <.001 1.4 .95 .066 .043 [.037, .048]

Three-factor strict 1,631 (1,230) <.001 1.3 .95 .068 .042 [.036, .047]

Psychological Test Adaptation and Development (2022), 3, 10–22 © 2022 The Author(s). Distributed as a Hogrefe OpenMind article under
the license CC BY-NC-ND 4.0 (https://creativecommons.org/licenses/by-nc-nd/4.0)

14 S. F. Dahm, Validation of a Computer-Based Version of the VMIQ-2



Although χ2 was significant, the alternative fit indices
indicated an acceptable fit of the expected three-
dimensional structure with 12 actions from six action
categories. All models of measurement invariance (con-
figural, metric, scalar, and strict) showed a χ2/df ratio
lower than 3, CFI equal or higher than .95, SRMR lower
than .10, and RMSEA lower than .05 (Hair et al., 2019).
Hence, the computer-based version and the print version
did not significantly differ in factor loadings and latent
factor means. Similarly, the test–retest reliability did not
significantly differ between both versions. This indicates
that both versions measure the same dimensions for
vividness of action imagery.
However, the correlation between EVI and IVI was

higher in the computer-based version than in the print
version. On the one hand, the high correlation may in-
dicate that people do not distinguish as much between
visual perspectives when they look at a screen than when
they look at paper. On the other hand, the high correlation
may be caused by methodological issues. Longer text
passages are more difficult to read at the screen than on
paper (Mazzeo & Harvey, 1988) and are therefore more
likely to be skipped. Therefore, it is possible that in the
computer-based version participants did not read the in-
troduction of the VMIQ-2 as thoroughly as in the print
version. If participants did not read the instructions
thoroughly, they may not have detected the difference
between EVI and IVI within the introductory instructions,
despite this information being provided. Without knowing
about this distinction, participants may have responded as
if the EVI and IVI items were the same items. As it was not
possible to go back to the EVI items to search for differ-
ences, this may have blurred the data. Therefore, in Study
2, a comprehension question was added directly after the
introduction of the VMIQ-2. Moreover, an option was

added to go back and repeat the previous page of the
questionnaire.

Study 2

In Study 2, the print and computer-based versions were
tested in a within-subject design. A replication of the ac-
ceptance of the optimized 3-factor model from Study 1 was
expected. As in Study 1, strict measurement invariance was
expected to indicate equivalence of the print and
computer-based versions.
The within-subject design made it possible to check for

tau equivalence (Allen & Yen, 1979), namely the corre-
lations between vividness of action imagery and other
constructs which were expected to be similar in the print
and computer-based versions. The selected questionnaires
were expected to depict the whole range of strong (r > .50),
medium (.30 < r < .50), weak (.10 < r < .30), and no
correlations (Cohen, 1992) with the VMIQ-2. Strong cor-
relations between EVI, IVI, and KIN with the same factors
of theMovement Imagery Questionnaire 3 (Williams et al.,
2012) were expected due to construct similarity. Medium
correlations (.30 < r < .50) with the Sport Imagery Ability
Questionnaire (Simonsmeier & Hannemann, 2017) were
expected because it measures action imagery but different
types of subdimensions (Pithan & Dahm, 2015). Weak
correlations with physical self-concept (Stiller et al., 2004),
general self-efficacy (Hinz et al., 2006), mindfulness
(Michalak et al., 2016), and self-rated concentration
(Bankstahl & Görtelmeyer, 2013) were expected because
self-ratings of abilities and self-awareness may be influ-
enced by similar biases such as the social desirability bias
and the self-protecting bias (Dahm, 2020). Correlations

Table 4. Comparison of the interfactor correlations and test–retest
reliability in the print and computer-based versions

Print Computer Z p

Interfactor correlations

EVI × IVI .53 .69 2.85 .004

EVI × KIN .43 .48 0.69 .486

IVI × KIN .58 .57 0.17 .868

Test–retest reliability

EVI .62 .66 0.75 .454

IVI .61 .64 0.54 .587

KIN .64 .67 0.58 .562

General .69 .77 1.9 .057

Table 3. Characteristics of the factors of the print and computer-
based versions of the VMIQ-2

VMIQ-2 print (N = 254)
VMIQ-2 computer

(N = 240)

EVI IVI KIN EVI IVI KIN

M 2 1.8 2 1.9 1.7 1.9

SD 0.7 0.6 0.7 0.7 0.6 0.7

Skew 0.6 0.9 0.8 0.4 0.6 1.2

Kurtosis 0.2 0.7 0.8 �0.5 �0.5 2.2

McDonald’s ω .91 .9 .91 .92 .91 .93

amin .59 .6 .64 .59 .59 .65

amax .74 .73 .73 .73 .72 .75

Note. amin = minimum factor loading, amax = maximum factor loading. Factor
loadings stem from the strict 3-factor model. EVI = external visual imagery,
IVI = internal visual imagery, KIN = kinesthetic imagery, VMIQ-2 = Vividness of
Movement Imagery Questionnaire.
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with general personality traits (Rammstedt & John, 2007),
rumination (Trapnell & Campbell, 1999), and sport ori-
entation (Elbe, 2004) were expected to be close to zero
(-.10 < r < .10).

Because eye fixations and theta band voltage density
during reading indicated rather lower effort at a tablet than
on paper (Kretzschmar et al., 2013), it was expected that
reading durations and durations to fill out the question-
naire are faster in the computer-based version than in the
print version. Furthermore, it was expected that com-
prehension accuracy does not differ significantly between
the print and computer-based versions (Kretzschmar et al.,
2013).

In addition, an exploratory analysis was planned to
investigate whether active subjects differ from nonactive
subjects in their vividness of action imagery. Active sub-
jects are here defined as subjects doing a lot of sports in
contrast to nonactive subjects who do not perform any
sport activities. Because more vivid imagers show greater
execution benefits after action imagery practice than less
vivid imagers (Isaac, 1992), the reverse may also hold true.
Hence, subjects who perform actions frequently may differ
in how they imagine actions from subjects who perform
actions infrequently. Regarding the assessment medium,
similar effects were expected for the print and computer-
based versions.

Methods: Study 2

Participants
As in Study 1, a minimal sample size of 220 was estimated.
In total, 297 participants were recruited in Study 2 who did
not participate in Study 1. Data were collected in individual
one-to-one assessments in private settings. The data of six
participants were not taken into analysis due to missing
data points. The data of another six participants were not
taken into analysis because they filled out the VMIQ-2
items both under three seconds per item and without
variance, which may indicate poor attention to the ques-
tionnaire (Maniaci & Rogge, 2014). The remaining 285
participants (179 female, 106 male) were on average 29.8
years old (SD = 10.8). All participants gave informed
consent. Ethical approval was given by the local ethics
committee of the university. Students received course
credit for their participation.

Material and Assessment
As in Study 1, the German version of the VMIQ-2 (Dahm
et al., 2019) was used in print and computer-based. The
timescale between completing each version of the VMIQ-2
lasted between 20 and 45 minutes depending on partici-
pants’ work pace. The computer-based version was

adapted according to the considerations of Study 1. To
reassure that the introduction of the VMIQ-2 was un-
derstood, a comprehension question was added. Partici-
pants were asked which dimensions of action imagery will
be rated on the three pages of the VMIQ-2: (a) external
visual imagery, (b) internal visual imagery, (c) KIN, or (d)
acoustic imagery. If the answer was correct (a, b, and c),
participants continued with the questionnaire. If the answer
was incorrect, the introduction was shown again. Further-
more, going back and forth between the three pages was
allowed by using the arrow keys on the keyboard.

Participants filled out the VMIQ-2 at the beginning and
at the end of the study, once in print and once on the
computer (counterbalanced across participants). In be-
tween, participants completed other questionnaires such
as a German version of the Movement Imagery Ques-
tionnaire 3 (Williams et al., 2012), the Sport Imagery
Ability Questionnaire (Simonsmeier &Hannemann, 2017),
the Physical Self-Concept Scale (Stiller et al., 2004), the
General Self-Efficacy Scale (Hinz et al., 2006), the Atten-
tion and Performance Self-Assessment Scale (Bankstahl &
Görtelmeyer, 2013), a short version of the Big Five In-
ventory (Rammstedt & John, 2007), the Rumination Re-
flection Questionnaire (Trapnell & Campbell, 1999), the
Sport Orientation Questionnaire (Elbe, 2004), and the Five
Facet Mindfulness Questionnaire (Michalak et al., 2016).
The order of the additional questionnaires was random.
Participants received instructions on a computer indicating
the upcoming questionnaire which was then handed out by
the experimenter. The study lasted about 1 hour.

Data Analysis
As in Study 1, measurement invariance was tested in a
stepwise procedure by testing configural, metric, scalar,
and strict invariance between samples (Putnick &
Bornstein, 2016) comparing alternative fit indices. Pear-
son correlations were calculated and compared using
Fisher’s z-tests. Reading duration and the duration to fill
out the questionnaire were analyzed with between-subject
t-tests. Reading comprehension was analyzed with a χ2

test. To analyze whether participants’ sport and exercise
behavior influences vividness of action imagery, a mixed-
model ANOVA was calculated. Participants indicated
whether they exercised sports less than 1 hour per week
(nonactive group:N = 74), between 1 and 4 hours per week
(moderately active group: N = 133), or more than 4 hours
per week (active group: N = 78).

Results: Study 2

Characteristics of the factors such as means, SDs, skew,
kurtosis, McDonalds’s ω (Dunn et al., 2014), minimum
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factor loadings, and maximum factor loadings of the print
and computer-based versions of the VMIQ-2 are shown in
Table 5.
As in Study 1, the alternative fit indices remained ac-

ceptable in the metric, scalar, and strict models (Table 6).
Hence, the print and the computer-based versions of the
VMIQ-2 did not significantly differ in factor loadings
(metric), means (scalar), and variances (strict).
Correlations of the same factor between the print and

computer-based versions were rEVI × EVI = .83, rIVI × IVI =
.83, and rKIN × KIN = .74. Correlations of different factors
between the print and computer-based versions were
rEVI_PP × IVI_PC = .63. and rIVI_PP × EVI_PC = .60 (Z = 0.57,
p = .566), rEVI_PP × KIN_PC = .56 and rKIN_PP × EVI_PC = .5
(Z = 1, p = .322), and rIVI_PP × KIN_PC = .54. and
rKIN_PP × IVI_PC = .54 (Z = 0, p > .99). Interfactor correlations
between EVI, IVI, and KIN did not differ significantly
between the print and computer-based versions (Table 7).
Correlations between other constructs and EVI, IVI, and
KIN of the print and computer-based versions are shown in
Table 7.
Additionally, the reading durations of the introduction

of the VMIQ-2 and the durations to fill out the VMIQ-2
were analyzed. Only participants who filled out the
questionnaire for the first time were taken into account for
these analyses. Moreover, participants were split into two
groups: those who filled out the computer-based version
first (N = 128) and those who filled out the print version

first (N = 122). Between-subject t-tests were calculated.
The reading duration was significantly shorter in the
computer-based version (M = 73 s, SD = 47 s) than in the
print version (M = 92 s, SD = 42 s), t (248) = 3.4, p = .001,
95% CI [�8, 30], d = 0.43. Analogously, the duration to fill
out the questionnaire was significantly shorter in the
computer-based version (M = 189 s, SD = 97 s) than in the
print version (M = 229 s, SD = 124 s), t (248) = 2.9, p = .004,
95% CI [13, 68], d = 0.36.
Furthermore, repetitions of the comprehension question

were analyzed. A χ2 test indicated no significant difference
in the number of subjects who repeated the comprehen-
sion question in the computer-based version (32 out of 128)
and the print version (25 out of 122), χ2(1) = 0.72, p = .396.
Means and standard errors of vividness of action im-

agery ratings in the nonactive, moderately active, and
active group are shown in Figure 2. A mixed-model
ANOVA with the between-subject factor activity (non-
active, moderately active, active) and the within-subject
factors questionnaire version (computer-based, print) and
modality (EVI, IVI, KIN) was performed on vividness of
action imagery. The significant main effect modality,
F2,564 = 17.8, p < .001, ɳp2 = .06, was modified by the
significant interaction between activity, modality, and
version, F2,564 = 2.8, p = .026, ɳp2 = .02. In both versions,
the ratings were significantly lower in IVI than in EVI
(pmax = .003), except for the ratings in the computer-based
version of the nonactive group (p = .089). Additionally, in
the moderately active group, the ratings were significantly
lower in IVI than in KIN (pmax = .003). Furthermore, in the
active group, the ratings were significantly lower in KIN
than in EVI in the print version (p = .002), but not in the
computer-based version (p = .714). In the print version,
ratings in KIN were significantly lower in the active group
than in the moderately active group (p = .009) and the
nonactive group (M = 2, p = .011), whereas the latter did not
significantly differ from each other (p = .981). In the
computer-based version, these differences in KIN did not
reveal significance (pmin = .131). The ratings did not sig-
nificantly differ between the computer-based and print
versions (pmin = .075), except for EVI ratings in the active
group which were significantly lower in the print version
than in the computer-based version (p = .041). The re-
maining effects were not significant (activity: F2,282 = 2.9,

Table 5. Characteristics of the factors of the print and computer-
based versions of the VMIQ-2 (N = 240)

VMIQ-2 print VMIQ-2 computer

EVI IVI KIN EVI IVI KIN

M 1.9 1.8 1.9 1.9 1.7 1.9

SD 0.7 0.7 0.7 0.7 0.6 0.7

Skew 0.6 1.1 1 0.7 1.2 1.1

Kurtosis �0.2 1.5 0.7 0.1 2.3 1.9

McDonald’s ω .93 .93 .93 .93 .92 .93

amin .69 .68 .66 .69 .66 .67

amax .75 .79 .77 .75 .77 .78

Note. amin = minimum factor loading, amax = maximum factor loading. Factor
loadings stem from the strict three-factor model. EVI = external visual
imagery, IVI = internal visual imagery, KIN = kinesthetic imagery, VMIQ-
2 = Vividness of Movement Imagery Questionnaire.

Table 6. Robust and scaled model fits of confirmatory factor analyses testing for invariance between the print and computer-based versions of the
Vividness of Movement Imagery Questionnaire-2

Model S-B Χ2 (df) p Χ2/df CFI SRMR RMSEA [90% CI]

3-factor optimized 1,543 (1,074) <.001 1.4 .95 .063 .049 [.043, .054]

3-factor metric 1,568 (1,107) <.001 1.4 .95 .064 .048 [.042, .053]

3-factor scalar 1,596 (1,140) <.001 1.4 .96 .064 .046 [.041, .052]

3-factor strict 1,640 (1,230) <.001 1.3 .96 .064 .043 [.037, .048]
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p = .056, ɳp2 = .02; version: F < 1; activity × version: F < 1;
version × modality: F < 1; activity × modality: F2,564 = 1.4,
p = .231, ɳp2 = .01).

Discussion: Study 2

In a within-subject design, the print and computer-based
versions of the VMIQ-2 (Dahm et al., 2019) revealed
similar item characteristics. Model fits of the confirmatory
factor analysis, interfactor correlations, and correlations
with other questionnaires did not significantly differ be-
tween the print and computer-based versions. Further-
more, correlations of single factors between the print and
computer-based versions were strong (r > . 5; Cohen,
1992). On average, participants created more vivid im-
ages in IVI than EVI. This was observed in both the print
and computer-based versions. Hence, independent from
the measurement method, the same construct – vividness
of action imagery – was assessed.

Interestingly, active participants created more vivid
images in KIN than in EVI, which was not observed in
moderate and nonactive participants. Although this was
only significant in the print version, visual inspection of the
data indicates similar tendencies in the computer-based
version (see Figure 2). Possibly, regular action execution
involving kinesthetic information facilitated the represen-
tation of kinesthetic information during imagery in active
subjects. This could not be compensated for in nonactive
and moderately active subjects. Visual information of an
action, in contrast, may also be acquired by action obser-
vation in nonactive subjects (Flanagan & Johansson, 2003).

In line with the expectations, participants needed less
time in the computer-based version than in the print version
to read the introduction of the VMIQ-2 (Kretzschmar et al.,

Table 7. Comparison of correlations of the print and computer-based
versions

Print Computer Z p

Interfactor correlations

EVI × IVI .66 .68 0.4 .666

EVI × KIN .60 .53 1.2 .221

IVI × KIN .63 .61 0.4 .700

VMIQ-2 Print Computer Z p

Discriminant and convergent construct validity

MIQ-3 EVI EVI �.64 �.54 1.8 .067

MIQ-3 IVI IVI �.61 �.59 0.3 .711

MIQ-3 KIN KIN �.55 �.46 1.4 .151

SE EVI �.24 �.26 0.3 .800

IVI �.24 �.26 0.3 .800

KIN �.20 �.15 0.6 .540

SIAQ EVI �.29 �.33 0.5 .599

IVI �.37 �.37 0 >.999

KIN �.30 �.21 1.1 .253

PSC EVI �.27 �.31 0.5 .604

IVI �.25 �.27 0.3 .799

KIN �.25 �.24 0.1 .899

SOQ Competitiveness EVI �.10 �.15 0.6 .546

IVI �.13 �.13 0 >.999

KIN �.16 �.11 0.6 .545

SOQ Win Orientation EVI �.04 �.08 0.5 .634

IVI �.11 �.08 0.4 .719

KIN �.13 �.09 0.5 .631

SOQ Goal Orientation EVI �.16 �.20 0.5 .623

IVI �.19 �.22 0.4 .710

KIN �.14 �.11 0.4 .717

APSA EVI .27 .25 0.3 .799

IVI .24 .19 0.6 .534

KIN .10 .12 0.2 .810

RRQ EVI .10 .15 0.6 .546

IVI .18 .19 0.1 .902

KIN .05 .04 0.1 .905

FFMQ EVI �.30 �.28 0.3 .795

IVI �.25 �.28 0.4 .702

KIN �.17 �.16 0.1 .903

BFI Neuroticism EVI .13 .16 0.4 .716

IVI .15 .15 0 >.999

KIN .09 .06 0.4 .720

BFI Extraversion EVI �.17 �.16 0.1 .903

IVI �.12 �.17 0.6 .544

KIN �.15 �.08 0.8 .399

BFI Openness EVI �.08 �.03 0.6 .551

IVI �.08 �.10 0.2 .811

KIN �.09 �.13 0.5 .631

(Continued in next column)

Table 7. (Continued)

Print Computer Z p

BFI Agreeableness EVI �.08 �.08 0 >.999

IVI �.04 �.10 0.7 .474

KIN �.07 �.14 0.8 .400

BFI Conscientiousness EVI �.15 �.12 0.4 .717

IVI �.10 �.11 0.1 .904

KIN �.08 �.06 0.2 .811

Note. The Vividness of Movement Imagery Questionnaire (VMIQ-2) factors
were external visual imagery (EVI), internal visual imagery (IVI), and
kinesthetic imagery (KIN). Pearson correlations of these factors were
calculated with movement imagery (MIQ-3; Williams et al., 2012), self-
efficacy (SE; Hinz et al., 2006), sport imagery ability (SIAQ; Simonsmeier &
Hannemann, 2017), physical self-concept (PSC; Stiller et al., 2004), sport
orientation (SOQ; Elbe, 2004), concentration (APSA; Bankstahl &
Görtelmeyer, 2013), rumination (RRQ; Trapnell & Campbell, 1999),
mindfulness (FFMQ; Michalak et al., 2016), and personality traits (BFI;
Rammstedt & John, 2007).
For p = .05 and N = 285, the critical r = .12.
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2013). However, the repetitions of the comprehension
question indicated that comprehension of the introduction
did not significantly differ between the print and computer-
based versions. As for the reading durations, participants
needed less time to fill out the computer-based version than
to fill out the print version. The data indicate that themedium
does influence the working speed. One might argue that
filling out the questionnaire is easier by mouse clicks than by
writing crosses with a pencil. Furthermore, passing over to
new pages was automatized in the computer version butmay
have cost time in the print version. Nevertheless, reading
time was also shorter in the computer-based version than in
the print version. Possibly, participants feel time pressure
while working with a computer but feel more relaxed when
working with paper and pencil. It has also been argued that
displays facilitate reading due to higher text discriminability
(by color contrasts) than in the print medium (Kretzschmar
et al., 2013). Alternatively, although the experimenters were
instructed to prepare in advance and to hand out the pages as
fast as possible, handing out the forthcoming pages to the
participants may have taken time. A previous study showed
that without interactionswith the experimenter, reading time
did not differ between print reading and screen reading
(Oborne & Holton, 1988).

General Discussion

It was investigated whether the medium (print vs.
computer-based) influences the assessment of vividness of
action imagery. Strong correlations on the same factors
were observed between the print and computer-based
versions. Confirmatory factor analyses revealed measure-
ment invariance between the print and computer-based
versions in a between-subject design (Study 1) and a
within-subject design (Study 2). Furthermore, test–retest

reliability, interfactor correlations, and correlations with
other constructs did not significantly differ between the
print and computer-based versions. This goes in line with
measurement invariance in paper–pencil and computer-
based personality assessments of Openness, Conscien-
tiousness, Extraversion, Agreeableness, and Neuroticism
(Chuah et al., 2006).
In Study 1, the correlation between the visual imagery

factors was higher in the computer-based version than in
the print version. It was assumed that in the computer-
based version, participants did not read the introduction to
the questionnaire as thoroughly as participants who read
the print version (Mazzeo & Harvey, 1988). Possibly, they
were not aware of the three factors (EVI, IVI, and KIN)
when filling out the first page with EVI which may have
influenced particularly the EVI ratings which were at the
first page of the questionnaire. Indeed, in Study 2, shorter
reading durations were observed in the computer-based
version than in the print version. However, this did not
significantly hamper reading comprehension. Most im-
portantly, in Study 2, the correlation between the visual
imagery factors did not significantly differ between the
print and computer-based versions. This may be due to the
comprehension question after the introduction which
enforced 20% of the participants to re-read the intro-
duction, making sure that all participants had understood
the three factors. The present data indicate that particu-
larly in computer-based assessments comprehension
questions are a useful tool to assure that participants read
and understand the instructions.
In Study 2, the ratings indicated more vivid visual im-

ages from an internal perspective than from an external
perspective. It is possible that more people favor the in-
ternal perspective over the external perspective. It appears
plausible that subjects are more familiar with IVI than with
EVI as the internal perspective is the natural perspective
during action execution.
Negative correlations between the VMIQ-2 and several

other questionnaires were observed. The negative corre-
lations stem from the inverse rating scale of the VMIQ-2
with a rating score of 1 indicating very vivid movement
images and a rating score of 5 indicating almost no im-
agery. Basically, vividness of action imagery (Dahm et al.,
2019) correlated strongly (.46 < r < .64) with ease of action
imagery generation (Williams et al., 2012). One may have
expected even stronger correlations because the imagery
dimensions vividness and ease are assumed to be very
similar (Cumming & Eaves, 2018; Dahm, 2020), and both
questionnaires involve the same factors. However, the
MIQ-3 involves differentmovements than the VMIQ-2 and
action imagery is assumed to bemovement specific (Dahm
et al., 2019). Furthermore, the foregoing execution of each

Figure 2. Means and standard errors of vividness of action imagery in
the print and the computer-based versions of the VMIQ-2 separately
for nonactive, moderately active, and active participant groups. VMIQ-
2 = Vividness of Movement Imagery Questionnaire.
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movement might influence the following imagination of
the movement in the MIQ-3.

Moderate correlationswere observed between vividness of
action imagery (Dahm et al., 2019) and sport imagery ability
(Simonsmeier&Hannemann, 2017), self-efficacy (Hinz et al.,
2006), concentration (Bankstahl & Görtelmeyer, 2013), and
mindfulness (Michalak et al., 2016). These correlations may
either indicate that the constructs overlap to some degree or
that the self-ratings were similarly influenced by social-
desirability biases (Dahm, 2020; Gabbard & Lee, 2014).
Weak correlations were observed between vividness of ac-
tion imagery (Dahm et al., 2019) and competitiveness (Elbe,
2004), win orientation (Elbe, 2004), goal orientation (Elbe,
2004), rumination (Trapnell & Campbell, 1999), and the Big
Five personality traits Neuroticism, Extraversion, Openness,
Agreeableness, and Conscientiousness (Rammstedt & John,
2007). These constructs appear not to overlap with vividness
of action imagery and are possibly less susceptible to social-
desirability biases.

Unfortunately, information and communication tech-
nology literacy (Wang et al., 2007, 2008) was not assessed
in the present studies. It remains unresolved whether dif-
ferences between the print and computer-based assess-
ments would appear in a subpopulation with less
information and communication technology literacy. Par-
ticularly older subjects may have lower information and
communication technology literacy than younger subjects,
which may further influence the print and computer-based
assessments.

In conclusion, the computer-based version of the VMIQ-
2 revealed acceptable model fits which replicated the
three-dimensional structure of the print version. Fur-
thermore, convergent and discriminant validity was ob-
served and correlations with other questionnaires did not
significantly differ between the computer-based version
and the print version. The computer-based version is
therefore a valid measurement to assess vividness of ac-
tion imagery involving EVI, IVI, and KIN.
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