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The Reflexive Imagery Task (RIT) was developed to investigate the entry into consciousness of involuntary imagery. Subjects are presented with objects and instructed to not think of the names of the
objects. Involuntary subvocalizations arise on many trials. RIT effects reveal the capacities of involuntary processing. These cognitions do not require symbol manipulation. Can mental rotation and
visuospatial imagery, too, arise in this involuntary manner? In the mental rotation task, subjects were
first taught to mentally rotate two-dimensional objects. Subjects were then instructed to not mentally
rotate objects. In the chess task, subjects were taught how to move in their minds objects in specified
ways, much as one could imagine how chess pieces move on a chessboard. Subjects were then
instructed to not have such visuospatial imagery. For both tasks, involuntary imagery occurred on a
substantial proportion of trials, revealing that symbol manipulation can be influenced involuntarily
through external control.

1. Introduction
Early in the morning, the eyes open and one immediately experiences percepts and urges—the sight of sunlight
entering the room, the smell of breakfast, and the urge to have a drink of water. To the observer, these conscious contents
simply “just happen” (Morsella, Godwin, Jantz, Krieger, & Gazzaley, 2016a). This everyday scenario illustrates that most of
the contents composing the conscious field1 arise effortlessly, passively, and involuntarily (Morsella et al., 2016a). Perception
research (e.g., Allen, Krisst, Montemayor, & Morsella, 2016; Firestone & Scholl, 2016) reveals that entry
into consciousness of this nature (“involuntary entry,” for short) is influenced by many variables. 2 As illustrated in
⁎
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E-mail address: morsella@sfsu.edu (E. Morsella).
1
Each thing one is conscious of is referred to as a “conscious content” (e.g., a yellow afterimage or nausea). The conscious field is composed of all
the conscious contents activated at one time.
2
The variables influencing entry of a particular stimulus into consciousness include the salience, novelty, motion, or incentive/emotional quality
of the stimulus (Gazzaley & D’Esposito, 2007; Goodhew, 2017). The mechanisms underlying involuntary entry seem to vary across modalities. For
instance, a “pop-out” effect (Treisman & Gelade, 1980) may influence entry in vision, but it is less likely to do so in olfaction.
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our example, urges, too, can enter consciousness in this way (Loewenstein, 1996; Morsella, Gray, Krieger, & Bargh, 2009;
Morsella, Wilson et al., 2009).3
Other forms of involuntary entry stem from a combination of sets4 and external stimuli. Take, for example, the situation noted long ago
by Ach (1905/1951): If one has activated the set to add before hearing “one and one,” then one will experience the conscious content
“two.” If, however, the set that had been activated was to subtract instead of add, then one would have experienced “zero” instead of
“two.” This form of involuntary entry has been referred to as set-based entry (Bhangal, Merrick, Cho, & Morsella, 2018), which has been
distinguished from the involuntary entry mentioned above concerning percepts (e.g., a loud sound) and visceral urges (e.g., hunger).
1.1. The Reflexive Imagery Task
The Reflexive Imagery Task (RIT; Allen, Wilkins, Gazzaley, & Morsella, 2013; see review in Bhangal, Cho, Geisler, & Morsella, 2016)
was developed to investigate the nature of involuntary entry from a combination of external stimuli and the activation of sets. The task
stems from “subjective” variants of the Eriksen flanker task (e.g., Morsella, Gray et al., 2009; Morsella, Wilson et al., 2009; see discussion in Desender, van Opstal, & van den Bussche, 2014, and in Questienne, Atas, Burle, & Gevers, 2018), in which distractors activate
involuntary urges and other conscious contents.5 Other aspects of the RIT are based on theories (Morsella et al., 2016a; see Discussion)
and on experiments by Ach (1905/1951), Stroop (1935), Uznadze (1966), Wegner (1989), and Gollwitzer (1999).
In the RIT, subjects are instructed to not perform a mental operation (e.g., to count or name an object) on to-be-presented stimuli.
For example, before being presented with three circles, subjects might be instructed to not count the number of objects presented on
the screen (Bhangal et al., 2018). On most trials, despite the intentions of the subject, the undesired mental operations still arise,
yielding “three.” The RIT uses negative instructions only to diminish artifacts stemming from demand characteristics and strategic
processing on the part of the subject. However, without such negative instructions, RIT effects still arise at comparable rates.6
RIT effects of a complex nature have been observed. For example, in Merrick, Farnia, Jantz, Gazzaley, and Morsella (2015),
subjects were presented with drawings of objects and instructed to (a) not think of the name of the object, and (b) not count the
number of letters composing the object name. RIT effects arose for both mental operations on ~30% of the trials. In another study
(Cho, Zarolia, Gazzaley, & Morsella, 2016), subjects first learned to transform words according to a rule resembling that of the
childhood game of Pig Latin. After training, subjects were presented with words and instructed to not transform the words according
to the newly-learned rule. Involuntary transformations arose on ~40% of the trials. It is worth noting that this involuntary effect
requires, not only memory retrieval, but symbol manipulation, a process associated with frontal cortex (Miller & Cummings, 2007).
Might tasks that are more complex than those in Merrick et al. (2015) and in Cho et al. (2016) reveal the boundary conditions of
the RIT effect? Such boundary conditions would shed light on the limits of involuntary processes and thereby illuminate the contributions of conscious processing.
1.2. The validity of subjects’ self-reports
Demand characteristics and inaccurate memories of ephemeral conscious contents (Block, 2007) could yield inaccurate selfreports in an RIT (see discussion in Morsella, Wilson et al., 2009). However, evidence suggests that subjects’ self-reports are accurate.
First, in an RIT (Cushing, Gazzaley, & Morsella, 2017) in which subjects reported the occurrence of the basic RIT effect and also had
to press a button if the involuntary subvocalization they experienced rhymed with a word held in mind, performance (>80% mean
accuracy across trials) corroborated that subjects did experience involuntary subvocalizations. This is because detecting a rhyme
requires retrieval of the phonological form of a word.
Second, in Bhangal et al. (2018), subjects were presented with an array of visual objects and instructed to not count the number of
objects. When the number of objects was small (2–5 objects), the involuntary counting was very accurate (~90% mean accuracy),
suggesting that the counting did in fact occur. Third, in RITs involving lexical retrieval, involuntary subvocalizations are influenced
by the word frequency of the name of the object: High-frequency words are more likely to yield an RIT effect than low-frequency
words (Bhangal, Merrick, & Morsella, 2015). Such a frequency effect would be unlikely to stem from demand characteristics. Regarding the possibility of artifacts resulting from strategic processing, on many trials of the RIT, the effect arises too quickly to be
3
Investigations on action control have illuminated that involuntary entry of urges can arise from bodily needs (Loewenstein, 1996) and from the
activation of conflicting action plans (Desender et al., 2014; Lewin, 1935; Morsella, Gray et al., 2009; Morsella, Wilson et al., 2009; Questienne
et al., 2018). Moreover, metacognitions (e.g., action-related urges) can enter consciousness insuppressibly as a function of set and the presentation
of external stimuli (Garcia, Bhangal, Velasquez, Geisler, & Morsella, 2016).
4
Sets, such as mindsets or task sets, are dispositions to behave or think in certain ways.
5
The flanker task precedes research on ironic processing,8 which is associated with failures of self-regulation (e.g., in nicotine addiction; Wegner,
1989). (The ironic effect was noted long ago by Dostoevsky (1863/2008).) It is important to note that research on the RIT and on ironic processing
stem from different theoretical backgrounds and are concerned with different phenomena and with answering different questions. For example,
unlike ironic processing, the RIT was designed to investigate, not failures in self-control, but rather the nature of involuntary entry from, specifically,
the combination of external stimuli and activated sets.
6
It is important to note that RIT effects have arisen in RITs that lack any kind of negative instruction to not perform some kind of mental operation
(e.g., see the Baseline Condition in Allen et al., 2013). To take one example, in Allen et al. (2016), subjects were instructed to hold in mind one way
of perceiving an ambiguous object (e.g., Necker cube). Despite the lack of negative instructions, involuntary “perceptual reversals,” involving entry
into consciousness, occurred on ~80% of the trials.
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caused by such processing (Allen et al., 2013; Cho, Godwin, Geisler, & Morsella, 2014).7 In addition, neuroimaging data from studies
(not involving the RIT) in which subjects self-report about the occurrence of involuntary thoughts or about subvocalizations corroborate that subjects do not confabulate about their reported mental events (Mason et al., 2007; McVay & Kane, 2010; Mitchell
et al., 2007; Pasley et al., 2012; Wyland, Kelley, Macrae, Gordon, & Heatherton, 2003).
1.3. The involuntary nature of the RIT effect
The view that the RIT effect is involuntary stems in part from theoretical explanations of the effect. According to Wegner (1994),
undesired, “ironic” effects8 such as the RIT effect arise from an interaction between two distinct mechanisms. One mechanism is an
operating process. This process is associated with the conscious intention to maintain a particular mental state. The process tends to be
effortful, capacity-limited, and consciously mediated (Wegner, 1994). The mechanism actively scans mental contents (e.g., thoughts,
sensations) that can help maintain the desired mental state (e.g., to be calm). The other mechanism is an ‘ironic’ monitoring process that
automatically scans activated mental contents to detect contents signaling the failure to establish the desired mental state. When such a
content is detected, that content then enters the conscious field. Of import, in Wegner (1994), the monitoring process is usually unconscious and autonomous. In other accounts of the RIT effect (Ach, 1905/1951; Bhangal et al., 2016), the effect is the consequence of sets
having been activated by the verbal instructions provided to the subject. From this standpoint, merely hearing the word “add” in the
instruction “Do not add the following numbers” increases the activation level of the set to add, yielding “four” in response to the stimuli “2
and 2.” This set activation account is consistent with the tenets of parallel distributed processing (Rumelhart, McClelland, & the PDP Research
Group, 1986), in which stimuli can activate, in an interactive network, “units” representing sets or rules. These units can in turn then
automatically influence the activation thresholds of other, related units (e.g., representing “FOUR”) in the network. The RIT effect would
also be deemed to be involuntary from the standpoint of a “crossmodal” account of mental representation. From this standpoint, the
mental representations of objects are inherently multimodal (Ernst & Bülthoff, 2004; Lacey & Lawson, 2013; Spence & Deroy, 2013), in
such a way that the activation of one sensory attribute of an object (e.g., the image CAT) will trigger automatically the activation of the
other sensory features composing the multimodal representation, including those associated with linguistic label “cat.” Of most importance, in all theorizing regarding the mechanisms underlying the RIT effect, the nature of the effect is deemed to be involuntary.
1.4. Extension of the RIT effect to the realm of high-level, symbol manipulation
One early concern was that the RIT effect was not noteworthy because stimulus-elicited memory retrieval is often automatic
(Schacter & Tulving, 1994). However, such an interpretation cannot account for the RIT effects found in Cho et al. (2016), in which
the involuntary verbal imagery required symbol manipulation, which is more than just memory retrieval. However, one criticism of
Cho et al. (2016), in which subjects experienced involuntary word transformations, is that the involuntary effect observed (symbol
manipulation involving syntax) is not noteworthy because syntax is largely unconscious. This led to the hypothesis that such symbol
manipulation should fail to arise for a modality other than language (e.g., vision), a hypothesis whose falsification has important
implications for theories regarding the limitations of involuntary, unconscious processes.
Perhaps the true boundary conditions of the RIT effect lie in mental operations requiring other forms of symbol manipulation,
such as visuospatial imagery and mental rotation. Addressing this possibility is informative because symbol manipulation is associated with both executive function and cognitive control (Enger, 2017). With this in mind, one could conclude that perhaps RIT
effects cannot arise for operations that require symbol manipulations that are visuospatial in nature. Identifying such a boundary condition
would be informative, for the boundary conditions of the RIT effect reveal some of the limits of involuntary processing and thereby
shed light on the contributions of conscious processing.
1.5. The present approach
In the mental rotation task, subjects were first taught to mentally rotate (30°, 60°, or 90°) two-dimensional nonsense objects. After
training, subjects were instructed to not mentally rotate in these ways a different set of objects. In the chess task, subjects were taught
how to move in their minds (i.e., visuospatial imagery) objects in specified ways, much as one could imagine how, in the game of
chess, a given piece can navigate the chessboard. Each object was associated with a unique pattern of potential movement on a
chessboard-like grid. After training, subjects were instructed to not think of where each object could move on the grid. The order of
presentation of the two tasks was fully counterbalanced across subjects.
Our aim was to assess whether high-level phenomena such as symbol manipulation can be influenced involuntarily and systematically through external control. We sought to obtain substantive evidence that, under controlled laboratory conditions designed
to minimize artifacts and measurement error, these effects on symbol manipulation can occur involuntarily and at a reliable rate. This
7

Additional behavioral data that corroborate subjects’ reports about the RIT effect are the following. The effect arises when there is cognitive load,
a condition in which it is difficult for subjects to carry out strategic processing (Cho et al., 2014). In addition, RIT effects are systematically more
likely for some sensory modalities (e.g., vision or phonological) than for others (e.g., olfaction; Dou, Li, Geisler, & Morsella, 2018). Such a pattern of
results is unlikely to arise from strategic processing or demand characteristics.
8
Ironic effects arise when one thinks about a certain thing, such as a memory or some form of mental imagery, while attempting to not think about
that thing. For reviews of ironic processing and thought suppression, see Rassin (2005) and Wegner (1989).
3

Consciousness and Cognition 75 (2019) 102809

D. Cushing, et al.

would provide evidence that high-level, symbol manipulation can occur involuntarily.
We should add that the RIT is the kind of paradigm that, because it builds incrementally on robust phenomena and previous
research, has been encouraged by leading researchers in the field (e.g., Fiedler, 2017; Nosek, Spies, & Motyl, 2012). The reliable,
component processes of the present variant of the RIT are of interest in disparate subfields of the study of mind and brain, including
consciousness, cognitive control, and imagery.
2. Method
2.1. Subjects
Four San Francisco State University students (MAge = 20, SDAge = 1.63, females = 3) volunteered to participate, and thirty more
(MAge = 22.89, SDAge = 7.42, females = 21) participated for course credit. The involvement of human subjects in our study was
approved by the Institutional Review Board at San Francisco State University. The sample size (n > 10) was based on the effect size
(Cohen’s d [on raw proportions] = 1.72; Cohen’s h [on raw proportions] = 1.44; Cohen’s d [on arcsine transformations of the
proportion data] = 1.38), SD (0.25), and other aspects of a previous project (Cho et al., 2016) that, similar to the present project, was
designed to illuminate the boundary conditions of the RIT effect. To determine the sample size, we used the program G*Power 3 (Faul,
Erdfelder, Lang, & Buchner, 2007). The input parameters were: Cohen’s d = 1.72, one sample t-test, tails = one, power = 0.95, and
α = 0.05. The output parameters were: noncentrality parameter = 4.21, critical t = 2.02, and actual power = 0.97.
2.2. Stimuli and apparatus
Stimulus objects were presented on an Apple iMac computer monitor with a 50.8 cm screen. Subjects were seated approximately
48 cm away. Stimulus presentation was controlled by PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993). All instructions, prompts, and questions were presented in black 36 pt. Helvetica font on a white background. Stimuli for both tasks were
black images of two-dimensional nonsense objects. Five of these objects were used successfully in previous research (Merrick, Cooper,
Jantz, & Morsella, 2013).
In the chess task, four black-and-white nonsense objects were used (Fig. 1). None of these objects connoted a direction based on their
shape. Each object moved in only one manner. Two of the objects moved two spaces (e.g., one space to the right, and one space up), and
two of the objects moved three spaces (e.g., two spaces to the right, and one space down; Fig. 1). The objects that moved three spaces
did not simply move in opposite directions. When presented in the center of the screen during the initial instructions, the objects had a
subtended visual angle of 4.77° × 4.77° (4 cm × 4 cm). When appearing within the 6-cell by 5-cell grid during the instructions, as when
subsequently appearing in the practice trials and the critical trials, these objects all had a subtended visual angle of 3.28° × 3.28°
(2.75 cm × 2.75 cm). The grid they appeared in had a subtended visual angle of 21.82° × 18.34° (18.5 cm × 15.5 cm). The grid was
positioned in the center of the screen. Each object appeared in one of six starting locations in the grid. These starting locations included
cells that were, horizontally, two spaces left of center, one space left of center, or one space right of center and, vertically, on center, or
one space below center. When presented during the learning trials, the starting locations of these objects were never in these six cells.
The center of the grid was marked by a fixation cross (+) that was white with a thick black border. The fixation cross was made this way
so it would be visible while on the grid. The fixation cross had a subtended visual angle of 1.19° × 1.19° (1 cm × 1 cm).
The objects used in the mental rotation task were all presented in the center of the screen with a subtended visual angle less than
5.37° × 5.37° (4.5 cm × 4.5 cm) (Appendix A). The three objects used in the learning trials, the four objects used in the practice trials,
and the four objects used in the critical trials were all distinct.

Fig. 1. Stimuli from chess task. Not drawn to scale.
4
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Fig. 2. Illustration of how each object moves across the grid. Not drawn to scale.

2.3. Procedures
Each subject was run individually. The order in which subjects completed the chess task and the mental rotation task was fully
counterbalanced.
In the chess task, subjects were instructed that they would learn how four distinct objects move on a grid. Each object would move
only one way, and would move the same way regardless of where it started on the grid (Figs. 1 and 2). After subjects indicated that
they understood these instructions, they were invited to press the return key to advance to further instructions.
These further instructions followed the following format: First, subjects were shown the image of an object with instructions
for how that object moves (e.g., “This object moves one space to the left, and two spaces up”; Fig. 1). Second, subjects were
shown an example of how the object moves across the grid (Fig. 2). Third, the object was presented in a starting location on the
grid, and subjects were instructed to indicate, on a paper version of the grid, what the starting and ending locations of the
object were, as well as draw arrows describing the path it took across the grid. Subjects pressed the return key to advance
through each stage of each learning trial. This sequence occurred twice for each object. Each object had the same movement
pattern for each subject. This minimized experimenter error when providing feedback about the correct ending location of the
object.
Subjects were instructed that, in the trials that followed, they would be presented with a series of objects on a grid. They would
look at the fixation cross until the object was presented, and then look at the object. They would press the spacebar when they
thought of the ending location of the object. They were told as well that they would indicate, by using another grid, the ending
location of the object. With these instructions in mind, subjects were given two minutes to use their paper grids to memorize how
each object moves. When the two minutes expired, subjects handed their paper grids back to the researcher. Next, subjects were
reminded (a) that they were to press the spacebar as soon as they thought of the ending location of the object, (b) to indicate what
that ending location was; and (c) the image would be presented for a set amount of time regardless of whether the spacebar was
pressed. Subjects were additionally instructed to keep their finger or their thumb rested on the spacebar at all times. Subjects
pressed the return key to advance to the practice trials. (Aside from the instructions to think of the ending location of the object,
and to use the paper grids to memorize the way each object moves, all instructions for the practice trials were repeated for the
critical trials.)
In the practice trials (n = 48), subjects were presented with the instruction, “Think of the ending location of the object.” This
instruction served as a “ready” prompt. To commence each trial, subjects pressed the return key. The grid and a fixation cross were
simultaneously presented for 500 ms before an object additionally appeared on the grid. The object, grid, and fixation cross
remained on the screen for 6 s. During this time, response times (RTs) for spacebar presses were recorded. Next, a second grid
appeared on the screen with a number-letter combination in each of its cells (e.g., 1a, 2a, 4c, etc.). Subjects typed the number and
letter of the cell corresponding to the ending location of the object. If the ending location of the object did not occur to them, they
typed, “I did not think of it.” Following this indication, they pressed the return key to complete the trial. During these trials, the
experimenter was present to provide feedback regarding the accuracy of subjects’ responses when indicating the ending location of
the object. On trials in which subjects produced an incorrect answer, or did not know the answer, the experimenter reiterated the
instructions that were associated with the object in the learning trials (e.g., “That object moves one space to the left, and one space
down”). On trials in which subjects produced the correct answer, the experimenter said, “That is correct.” If, after 10 trials,
subjects were unable to produce the ending locations for a majority of the objects, they were given an additional 60 s to use their
paper grids to memorize how each object moves. Every object appeared in each of the six starting locations twice. The order in
which each object appeared in each starting location was random.
For the subsequent critical trials (n = 24), subjects were instructed to not think of the ending location of the object (see sample trial
in Fig. 3). However, if they happened to think of the ending location of the object, then they pressed the spacebar. Subjects were asked
to use the same standard as before for judging whether or not they thought of the ending location of the object. The prompt appearing at
5
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Fig. 3. Schematic depiction of two typical trials in the chess task. Not drawn to scale.

the beginning of each critical trial was “Do not think of the ending location of the object.” The same objects were presented in the same
starting locations as in the practice trials. The fixation cross was also presented for the same amount of time. The object, the grid, and
the fixation cross remained on the screen for 8 s. During this time, spacebar RTs were recorded. Subjects used the second grid to indicate
the ending location of the object in the same way as in the practice trials. Subjects pressed the return key to conclude each trial. During
the critical trials, the experimenter remained nearby in case subjects had any questions. Again, the order in which each object appeared
in each starting location was random. Every object appeared in each of the six starting locations only once.
In the mental rotation task, subjects were instructed that their task was to learn how to mentally rotate objects three different
distances: “a short distance”, “a medium distance”, and “a long distance.” All rotations would occur in the clockwise direction. After
subjects indicated that they understood these instructions, they were invited to press the return key.
Subjects were taught the different mental rotation distances in the following way. First, they were shown an object at a starting
orientation. Next, they were shown that same object rotated “a short distance” (30°), “a medium distance” (60°), and “a long
distance” (90°). The rotated object was presented with instructions specifying the distance rotated (e.g., “This is what the object looks
like when rotated ‘a short distance’”). This sequence occurred three times, each time with a different object. Subjects were never
explicitly told the degree measurement that related to each one of the rotation distances. This made it easier for subjects to understand the instructions. Objects used during these instructions were never used again during the practice or critical trials. By using
rotations of 90° or less, no situation arose wherein it would be easier or more convenient for subjects to rotate the object counterclockwise.
Subjects were instructed that, in the trials that would follow, (a) they would be presented with a series of objects that they would
mentally rotate one of the three distances, (b) they would press the spacebar when they mentally rotated the object, (c) they were to
keep their finger or their thumb rested on the spacebar at all times, (d) the object would appear on the screen for a fixed amount of
time whether or not they pressed the spacebar, and (e) they would indicate, on a second screen, if the amount they rotated the object
in their mind matched an image of the object rotated by typing “y” (for yes) or “n” (for no). Subjects pressed the return key to
advance to the practice trials. (Aside from the instructions to mentally rotate the object, all instructions for the practice trials were
repeated for the critical trials.)
At the beginning of each practice trial (n = 48), subjects were presented with one of the following instructions, which served as
a ready prompt: (1) “Think of the object rotated a short distance,” (2) “Think of the object rotated a medium distance,” and (3)
“Think of the object rotated a long distance.” Subjects pressed the return key to commence each trial. A fixation cross was
presented for 500 ms. Next, one object that was distinct from those in the learning trials was presented for 6 s. During this time, RTs
for spacebar presses were recorded. Next, a second image of the object was shown that was rotated by the amount that was
specified by the prompt at the beginning of the trial. Subjects typed “y” or “n” to indicate if the distance they rotated the object in
their mind matched this second image, and then pressed the return key to conclude the trial. During the practice trial block, there
were four objects each presented at two different starting orientations (0° and 180°). Each ready prompt was paired with each
object at each starting orientation twice. The order of the presentations of these prompt-object pairs was random. Although the
second image of the object was always rotated the amount that was specified by the ready prompt, subjects were never explicitly
told that this was the case.
For the subsequent critical trials (n = 24; Fig. 4), subjects were presented with one of the following instructions, which served as a
ready prompt: (1) “Do not think of the object rotated a short distance”, (2) “Do not think of the object rotated a medium distance”, (3)
“Do not think of the object rotated a long distance.” If, however, subjects happened to mentally rotate the object, then they pressed
6
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Fig. 4. Schematic depiction of two typical trials in the mental rotation task. Not drawn to scale.

the spacebar. A fixation cross was presented for 500 ms. Next, one object that was unique to the critical trials was presented for 8 s.
During this time, RTs for spacebar presses were recorded. Next, in order to eliminate the potential strategy of forgetting, or not paying
attention to the prompted rotation distance, subjects were instructed to type the distance specified by the prompt at the beginning of
the trial. For example, if the prompt was, “Do not think of the object rotated a short distance”, subjects had to type, “A short
distance.” If they could not remember the prompted distance, they typed, “I do not remember.” Subjects pressed the return key to
continue. Subjects again indicated if the amount they rotated the object in their mind matched a picture of the object rotated by
typing “y” or “n” and then pressed the return key to conclude the trial. During the critical trial block, there were four objects each
presented at two different starting orientations (0° and 180°). Each ready prompt was paired with each object at each starting
orientation once. The order of the presentations of these prompt-object pairs was random. Subjects were never shown an object
rotated the instructed distance before being instructed to mentally rotate the object that distance.
Once subjects completed the experiment, they completed a paper-and-pencil funneled debriefing questionnaire (following the
procedures of Bargh & Chartrand, 2000). The questionnaire was designed to identify any subjects whose data should be excluded
from analysis. The funneled debriefing included general questions to assess whether subjects (a) were aware of the purpose of the
study, (b) had any strategies for completing the tasks, (c) had anything interfere with their performance on the tasks, and (d) were
capable of learning, in the practice trials, what was necessary to perform meaningfully in the critical blocks.
3. Results
3.1. Chess task
Subjects indicated by button press that involuntary imagery, that is, the RIT effect, occurred on a substantive proportion of the
trials (M = 0.62, SD = 0.30, SE = 0.05, Range = 0–1), a proportion that was significantly different from zero, t (31) = 11.90,
p < .0001. The mean RT for these presses was 2,978.49 ms (SD = 838.45, SE = 150.59, Range = 612.71–4,389.50 ms). When
considering only the trials in which the imagery was accurate (reflecting the correct final position of the piece), the rate was still
substantive (M = 0.54, SD = 0.29, SE = 0.05, Range = 0–0.96) and significantly different from zero, t (31) = 10.58, p < .0001
(Cohen’s d [on raw proportions] = 1.86; Cohen’s h [on raw proportions] = 1.66). A comparable effect size is obtained with arcsine
transformations of the proportion data (Cohen’s d = 1.46).
The mean RT (Fig. 5) for these accurate presses was 2,956.61 ms (SD = 941.43, SE = 171.88,
Range = 612.83–5,145.75 ms). In response to the funneled debriefing question, “Did you have a strategy for NOT thinking of the
ending location of the object on the grid? What was it?”, 27 out of 32 subjects indicated clearly that they attempted some kind of
strategy to thwart the RIT effect.
The Chess RIT yielded a large effect size (e.g., Cohen’s h [on raw proportions] = 1.66). This magnitude of an effect is comparable
to that of projects (e.g., Cho et al., 2016; Yankulova, Bui, & Morsella, 2018) designed to illuminate the boundary conditions of the RIT
effect. In these previous projects, the effects were large (Cohen’s d > 1.60), but not as large as that found in the basic RIT (Cohen’s
d = 3.58 [on raw proportions]; Cohen’s h = 2.38 [on raw proportions]; Cohen’s d = 2.33 [on arcsine transformations of the proportion data]), a project that was not designed to test the limitations of the RIT effect.
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Fig. 5. Mean response time (ms) of involuntary imagery as a function of task and subject.

3.2. Mental rotation task
For this task, the RIT effect (involuntary mental rotation of the symbol) occurred on a substantive proportion of the trials
(M = 0.51, SD = 0.31, SE = 0.05, Range = 0–1), a proportion that was significantly different from zero, t (32) = 9.54, p < .0001.
The mean RT for these effects was 3,315.05 ms (SD = 823.54, SE = 145.58, Range = 2,036.81–5,154.67 ms). Mean accuracy was
0.45 (SD = 0.28, SE = 0.05, Range = 0–1). When analyzing only the trials in which the rotation was accurate, the mean proportion
was M = 0.38 (SD = 0.25, SE = 0.04, Range = 0–0.83) and, too, significantly different from zero, t (32) = 8.68, p < .0001 (Cohen’s
d [on raw proportions] = 1.52; Cohen’s h [on raw proportions] = 1.32). A comparable effect size is found with arcsine transformations of the proportion data (Cohen’s d = 1.27).
The mean RT (Fig. 5) for these effects was 3,321.16 ms (SD = 892.99, SE = 163.04, Range = 1,962.00–5,447.33 ms). In response
to the funneled debriefing question, “Did you have a strategy for NOT mentally rotating the object? What was it?”, 27 out of 33 indicated
clearly that they attempted some kind of strategy to thwart the RIT effect.
The Mental Rotation RIT yielded a large effect size (e.g., Cohen’s h [on raw proportions] = 1.32). As with the effect in the Chess
RIT, the magnitude of the present effect is comparable to that of projects (e.g., Cho et al., 2016: Yankulova et al., 2018) designed to
illuminate the boundary conditions of the RIT effect. In these previous projects, the effects were large (Cohen’s d > 1.60), but not as
large as that found in the basic RIT (Cohen’s d = 3.58 [on raw proportions]; Cohen’s h = 2.38 [on raw proportions]; Cohen’s d = 2.33
[on arcsine transformations of the proportion data]), a project that was not designed to test the limitations of the RIT effect.
3.3. Correlational analysis
A subject's mean rate (across trials) of the RIT effect in the Chess RIT correlated with the rate found in the Rotation RIT. This was
the case when considering only accurate trials (r = 0.47, Fisher’s r to z, p = .007) or all trials (r = 0.40, Fisher’s r to z, p = .027). In
short, a subject who tended to have a high proportion of involuntary entry across the trials from one task also tended to have a high
proportion of involuntary entry across the trials of the other task. By-subject mean RTs from the two tasks did not correlate significantly, rs < 0.25, Fisher’s r to z, ps > 0.20.
4. Discussion
The RIT has revealed how higher-order cognitions can be elicited involuntarily through the combination of experimental manipulations: the activation of sets and the presentation of external stimuli. The present data reveal that high-level processes involving
symbol manipulation, too, can be controlled in this involuntary manner. In the mental rotation task, subjects were first taught to
mentally rotate (30°, 60°, or 90°) two-dimensional nonsense objects. After training, subjects were instructed to not mentally rotate in
these ways a different set of objects. In the chess task, subjects were taught how to move in their minds (i.e., visuospatial imagery)
objects in specified ways, much as one could imagine how, in the game of chess, a given piece can navigate the chessboard. Each
object was associated with a unique pattern of potential movement on a chessboard-like grid. After training, subjects were instructed
to not think of where each object could move on the grid. Systematic, involuntary imagery occurred on a substantial proportion of
trials for the mental rotation task (M = 0.51) and chess task (M = 0.62).
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In many response interference paradigms (e.g., the Stroop task (Stroop, 1935), the antisaccade task (Hallett, 1978), the
flanker task (Eriksen & Eriksen, 1974; Eriksen & Schultz, 1979), and the stop signal paradigm (Lappin & Eriksen, 1966)), the
subject must refrain from expressing a “prepotent,” dominant response to a stimulus. As in our project, in many paradigms
(e.g., the flanker task and stop signal paradigm), this prepotent response is learned in the laboratory during a training session
that precedes the critical test trials in which, under certain conditions, the subject must suppress the learned prepotent response.
With the present data, one could conclude that the boundary conditions of the RIT effect do not lie in mental operations
requiring symbol manipulation.9 Casual observation and some research (e.g., Cho, Zarolia, Velasquez, & Morsella, 2015)
reveals that RIT effects are less likely to arise in situations involving the generation of incentive states (e.g., thirst)
and emotional states (Bhangal et al., 2016). For example, it seems that, when presented with the instruction, “Do not make
yourself feel ecstatic,” one might succeed in complying with the instruction more easily than when presented in an RIT with
the instruction, “Do not think of the name of the following object.” The effect will also not arise for basic processes associated
with autonomic function (e.g., an RIT task in which the instruction is to not dilate one’s pupils; Bhangal et al., 2016).
Cushing, Ghafur, and Morsella (2017) propose that this difference between these two RIT conditions reflects more than just a
matter of the complexity underlying the mental operations. Rather, it has been proposed that RIT effects can arise only for activities
of the corticospinal tract (Morsella et al., 2016a, 2016b), the tract in the nervous system that historically has been associated with
voluntary action. Effects are proposed to not arise in this manner for activities of the autonomic nervous system, which is difficult to
control voluntarily. Consider that method actors spend a great deal of effort to ‘put themselves’ into a certain state (e.g., to make
themselves sad in order to portray a sad personage; Morsella, Larson, & Bargh, 2010).
One limitation of the present experiment is that subjects’ self-reports could be inaccurate because of response bias, demand
characteristics, or incorrect introspections (e.g., memory distortions; Block, 2007). However, the accuracy rates in both tasks
suggest that subjects were in fact correctly reporting about their mental experiences. Future versions of the two RITs could be
combined with neuroimaging technologies to provide additional, neural-based measures (e.g., activation of the neural correlates of
mental rotation and visuospatial imagery) that could corroborate still further the self-reports made by subjects.
External stimuli often activate conscious contents (e.g., percepts and urges) in a direct, involuntary manner. Overt behavior,
however, is often not influenced in this direct way. (Such a direct influence on overt behavior would not be adaptive, as is evident in
some neurological conditions [e.g., anarchic hand syndrome; utilization behavior].) Hence, in most scenarios, inclinations triggered
by external stimuli are behaviorally suppressible, but they are often not mentally suppressible (Bargh & Morsella, 2008; Morsella, 2005).
According to Passive Frame Theory (Morsella et al., 2016a), this arrangement in which behavior is more suppressible than is the
activation of conscious contents is evolutionarily adaptive and necessary for instrumental behavior. From this standpoint, the kind of
symbol manipulation observed in the present project, though presumably more sophisticated and elaborate an act than, say, touching
an object, is actually less suppressible, and more likely to arise involuntarily, than a motor act. This contrast might shed light on why
habitual behaviors are more suppressible than some habitual mental processes.
In both the Chess RIT and the Mental Rotation RIT, the subject experienced the consequences of mental transformation that arose
involuntarily. This finding is consistent with the views of several theorists (e.g., Brentano, 1874; Helmholtz, 1856/1925; Lashley,
1956; Miller, 1962) who propose that mental operations, whether voluntary or involuntary, are usually not introspectable and that,
phenomenologically, one experiences only the products of mental operations rather than the operations themselves. Many experiences in everyday life corroborate this view (Nisbett & Wilson, 1977). In short, most entry into consciousness appears to occur
involuntarily. The RIT was designed to investigate the nature and limitations of such entry. The present data suggest that the
boundary conditions of the RIT effect, and, more generally, involuntary entry, do not lie in mental operations requiring a high-level
executive processes such as symbol manipulation. The present findings and the theoretical views which they support have implication
for various subfields of psychology, including visual imagery, perception, and cognitive control.
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Appendix B. Supplementary material
Supplementary data to this article can be found online at https://osf.io/zr74s/?view_only=9bc9379f16cc46bca27b6b50323a3f95
and https://osf.io/f6wak.
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