The deployment of Theory of Mind in specific contexts: More is not always better

By

Anna Wright

Thesis
Submitted to the Faculty of the
Graduate School of Vanderbilt University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
In
Psychology

December 12, 2020
Nashville, Tennessee

Approved:
Daniel Levin, Ph.D.
Sarah Brown-Schmidt, Ph.D.

To my parents, Armetta and Richard, for instilling the value of education in me,
Katherine Moen, Megan Papesh, and Melissa Beck for believing in me,
And my partner, Faith Renee Stoneking, for holding my hand through everything.

ii

ACKNOWLEDGEMENTS

This material is based on work supported by National Science Foundation Grant 623625
to Daniel Levin. Thank you to Dan Levin for the invaluable guidance and support throughout my
time in grad school thus far, and for all of the creative conversations that have challenged me to
expand my thinking and grow as a researcher. Thank you to Sarah Brown-Schmidt for her
support and encouragement as I face an upcoming transition. Thank you to Rebecca Wildman for
initiating this project and laying the groundwork. Thank you to Madison Lee for following
through on this project with me and for the encouragement and support this semester. Thank you
to Meg Saylor for her endless wisdom and for giving me a safe space to let my guard down.
Thank you to the members of the joint-lab meetings and the rest of the faculty and students of the
Department of Psychology and Human Development for the useful discussions that carried over
into this project. Finally, thank you to my family, friends, professors (both past and present), and
my partner for continuously believing in me and holding me up in all aspects of life.

iii

TABLE OF CONTENTS

Page
DEDICATION .....................................................................................................................ii
ACKNOWLEDGMENTS ..................................................................................................iii
LIST OF TABLES ........................................................................................................................ vi
CHAPTER
I.

Introduction ..................................................................................................................... 1
ToM Background ............................................................................................................. 1
ToM and Gaze ................................................................................................................. 3
ToM and EMMEs ............................................................................................................ 4
The Current Study ........................................................................................................... 6

II.

Experiment 1.................................................................................................................... 8
Methods ........................................................................................................................... 8
Results ........................................................................................................................... 15
Discussion ...................................................................................................................... 17

III.

Experiment 2.................................................................................................................. 18
Methods ......................................................................................................................... 18
Results ........................................................................................................................... 20
Discussion ...................................................................................................................... 22

IV.

General Discussion ........................................................................................................ 23
Conclusion .................................................................................................................... 25

REFERENCES .................................................................................................................. 26
APPENDIX
A. Experiment 1 Bivariate Correlations ........................................................................... 32
B. Experiment 2 Bivariate Correlations ........................................................................... 35
C. Cueing Effect and Change Detection .......................................................................... 38
iv

Experiment 1................................................................................................................ 38
Experiment 2................................................................................................................ 39

v

LIST OF TABLES
Table

Page

1. Bivariate correlations between the nuisance, outcome, and ToM ability measures. ....... 32
2. Bivariate correlations between the nuisance, outcome, and ToM tendency measures. ... 33
3. Bivariate correlations between the ToM ability and ToM tendency measures. .............. 34
4. Bivariate correlations between the nuisance, outcome, and ToM ability measures. ....... 35
5. Bivariate correlations between the nuisance, outcome, and ToM tendency measures. ... 36
6. Bivariate correlations between the ToM ability and ToM tendency measures. .............. 37

vi

CHAPTER I

Introduction

In a world of rapidly evolving technology, it is important to understand how our
cognitions shape, or are shaped by, the technology we interact with. With an increase in artificial
representations of real-life humans and their gestures, such as avatars or videos with mouse or
eye movements, it is especially important to understand how these representations are processed
and understood by viewers. Eye Movement Modeling Examples, or EMMEs, are of particular
interest, because they indicate where someone is looking without the presence of the physical
eyes that they represent. EMMEs typically involve recording a person’s eye movements during a
task and then replaying these eye movements for others by superimposing a representative cue
on the stimuli. While the link between gaze cueing and ToM is somewhat understood by
researchers, the relationship between these two phenomena in the context of gaze cueing through
EMMEs is less explored. Here, we aimed to better understand the relationship between gaze
cueing through EMMEs and ToM, particularly in the context of multimedia learning.

ToM Background
Theory of Mind (ToM) is a long-standing term for the process in which the unseen
thoughts, beliefs, and desires of another individual are inferred and made available to generate
predictions about the individual’s future behavior and action (Premack & Woodruff, 1978).
These inferences about another individual’s mental states have been noted by researchers to hold
an important role in the development of language and, later on, everyday conversation and social
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interaction (Grice, 1957; Sperber & Wilson, 2002). The argument for ToM’s importance in
communication originates from Grice (1957), who posits that in order to extract meaning from
an interaction, one must be aware of the social context in which that interaction occurs. This
‘social context’ includes, among other things, the thoughts and intentions of the other person(s).
As a result, social interactions, especially conversations, have been thought of as the foundation
from which ToM develops in childhood (Dunn & Brophy, 2005; Harris, 2005; Lohmann &
Tomasello, 2003).
Developmental psychologists have found evidence that the ability to engage in ToM, at
least to some degree, is present as early as 2 years old and then continues to develop throughout
childhood (Bretherton et al., 1981; MacNamara et al., 1976; Shultz & Cloghesy, 1981; Shultz &
Shamash, 1981; Shultz et al., 1981). These advancements in ToM are believed to occur the most
between the ages of 2 and 7 years and are also causally linked to both language and executive
function (for a review, see Apperly, 2010). However, little research has been done regarding
ToM beyond infant and child development, and it is only until recently that research has shifted
the scope to include adults. In particular, the surfacing of new technologies and forms of media
has resulted in researchers asking questions about the role of ToM in adult interactions with
other agents (Bruce et al., 2002; Lee, et al., 2005; Levin et al., 2013) and with social forms of
multimedia learning, such as virtual learning environments (Jaeger et al., 2019) and lecture
videos (Wang et al., 2018). However, this body of research is sparse and has yet to broach the
relationship between ToM and artificial gaze cues.
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ToM and Gaze
Gaze is an incredibly powerful tool that can serve as a rich source of information ranging
from the focus of another person’s attention (people, objects) to even their mental states
(emotions, beliefs, desires). Although the visual system is the least developed at birth, the eyes
and the information that they can convey quickly take on an integral role in language, motor, and
social development (see, for example, Morales et al., 2000). Not only does gaze play an
important part in achieving developmental milestones but the use of another’s gaze to direct
one’s own attention has been tied to ToM. For instance, Baron-Cohen (1995) argues that
encoding the direction of another person’s gaze plays a crucial role in ToM, and this argument is
further supported by research that has found activation in areas of the brain that are associated
with ToM when viewing faces with either direct or averted eyes but not closed eyes (Calder et
al., 2002; Castelli et al., 2002).
When thinking back on development, the gaze direction of others is encoded and
leveraged to drive attention from an early age (Scaife & Bruner, 1975). Infants as young as 2
months have been found to reorient their attention to that of another person’s (Scaife & Bruner,
1975) and with relatively high precision by 9 months (Flom et al., 2004). Scaife and Bruner
(1975) argue that this is an ability that negates Piaget’s (1954) theory that infants are completely
egocentric. Not only do infants develop this skill of joint attention within the first 18 months of
life, but researchers have been able to predict ToM abilities at 44 months from an infant’s joint
attention skills at 20 months (Charman et al., 2000), linking the two processes together.
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ToM and EMMEs
Although the link between ToM and real eye gaze has been somewhat established, the
link between ToM and artificial gaze representations is essentially unknown. An especially
interesting type of artificial gaze cue, known as an Eye Movement Modeling Example (EMME),
involves recording an individual’s gaze as they perform a task or solve a problem and then
superimposing their gaze recording onto the stimuli, typically in the form of a moving circle, to
be replayed for other individuals (see, for example, Van Gog et al., 2009). Many researchers
have attempted to use this gaze representation to enhance individuals’ performance in a wide
variety of tasks, from procedural problem-solving to perceptual classification (Grant & Spivey,
2003; Litchfield et al., 2010; Jarodzka et al., 2013; Mason et al., 2015, 2016, 2017; Krebs et al.,
2019; Van Gog et al., 2009; Van Marlin et al., 2016, 2018; Wright et al., 2020). The literature on
EMMEs suggests that they can serve as an ‘attentional spotlight’ to guide learners’ attention to
relevant information with unique temporal precision and also demonstrate how to effectively
reach a solution by modeling the gaze behavior of a more knowledgeable individual. While the
effects of EMMEs on performance and/or learning are mixed (see, for example, Wright et al.,
2020), the previous studies using these gazes cues have yet to consider the role that ToM plays in
the perception and processing of these rich and dynamic gaze representations.
In order to investigate the role of ToM in this particular context, it is important to
mention the controversy surrounding ToM and its subsequent processes. While ToM is a crucial
component in socialization for people of all ages, it remains unclear how spontaneous the
computation is of another person’s thoughts, beliefs, or goals. Some evidence suggests that the
cognitive processes involved in ToM are domain-specific and innate (Frith & Frith, 2003; Leslie
& Thaiss, 1992; Leslie, 2005; Onishi & Baillargeon, 2005; Saxe et al., 2004), which would then
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follow that the attributions of others’ mental states are rapid and implicit (Friedman & Leslie,
2004; Sperber & Wilson, 2002; Stone et al., 1998). However, other evidence suggests that such
attributing is not implicit and if done at all, requires effort and is prone to errors (Apperly et al.,
2008; Bull et al., 2008; Keysar et al., 2000; Keysar et al., 2003; McKinnon & Moscovitch, 2007;
Samson et al., 2010). Additionally, just because the information about another’s mental state is
available, that does not mean that it will be used correctly, if at all (see, for example, Apperly et
al., 2006).
The same argument holds true for gaze following. Although the process of joint attention
is developed early on and can be used to predict ToM shortly after, it is important to note that the
observation of another person’s direction of gaze does not always result in a shift in attention or
deeper processing of the observer. Although research on the intersection of gaze perception and
spatial attention has found that spontaneous, automatic shifts in attention can occur as a result of
observing the gaze direction of another person (Frischen et al., 2007; Kovács et al., 2010;
Samson et al., 2010; Baker et al., 2016) and can be accompanied by inferences regarding the
observed person’s cognitions (Adams & Kleck, 2003; Shimojo et al., 2003; Soto-Faraco et al.,
2005; Bayliss et al., 2006; Bayliss et al., 2007; Frischen et al., 2007), it is possible that perceived
gaze direction does not always result in a shift in attention by the observer. This idea further
opens up the possibility that the observer will not engage in deeper inferences about that person’s
cognitions (Apperly et al., 2006).
Whether or not attention is guided by another person’s gaze direction and whether or not
that shift in attention results in deeper inferences about what the person is looking at or why,
ToM still remains a crucial part of everyday communication and socialization. As such, it is
important to understand the various contexts and the extent in which it is deployed, as well as the
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benefits and/or consequences that can occur from engaging in such processes. Several
researchers hypothesize that it is not enough to have the skills needed to engage in ToM, but that
one must also have the ability to use those skills in an appropriate manner and in appropriate
contexts (see, for example, Apperly, 2012). If deploying ToM skills does indeed use cognitive
resources, it is important to study the role of ToM in situations that would appear to call for them
even though it might not be useful to use cognitive resources for such processes. This is why we
chose screen-captured instructional videos, as they are a rich stimulus with a lot of social cues
(particularly with the addition of an EMME). In this case, not only is there information from
what the instructor is saying, there is also information from where they move the mouse and
where they are looking. So, while it could be beneficial to engage in ToM and think about what
the instructor is looking at and why, it could also be unnecessary with all of the other cues that
could potentially provide this information. Therefore, the extent to which the deployment of
ToM is useful or not is a particularly important distinction to be made in the context of media,
where there is already a delicate balance of attention and cognitive resources.

The Current Study
In this experiment, we investigated the extent to which ToM skills can predict learning
from screen-captured instructional videos containing instructor gaze cues, or EMMEs. To really
assess the relationship between ToM and learning, our primary outcome, we used two measures
relating to ToM based off of a distinction proposed by Apperly (2012) between a person’s ability
to compute the mental states of another and their actual tendency to do so. The first measure,
general ToM ability, assesses participants’ ability compute the mental states of another. The
second measure, contextual ToM tendency, assesses how effectively pariticpants’ use ToM in
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our stimuli. In other words, contextual ToM tendency measures the context-specific ToM-driven
inferences relating to the EMME. We predict that while it might be tempting to utilize the
instructor’s gaze cue to gain a deeper understanding of the content (much like in everyday
conversation; Hanna & Brennan, 2007), actually doing so might leave few cognitive resources
for learning. However, we also acknowledge the utility of EMMEs and the useful information
they can provide, making it also possible that these gaze cues could enhance learning when
utilized by facilitating deeper processing of the content.

7

CHAPTER II

Experiment 1

To investigate the relationship between gaze cueing through EMMEs and ToM in the
context of multimedia learning, we created a series of screen-captured instructional videos with
the instructor’s eye movements superimposed on the videos as a dynamic, circular cue. We
assessed learning through multiple-choice questions that assessed viewers’ knowledge on the
content of the videos. Additionally, we assessed both general ToM ability and contextual ToM
tendency, or the deployment of ToM within the specific context of these screen-captured
instructional videos.

Methods
Participants
Our target sample size was 100 participants, but we recruited 115 participants through
Amazon Mechanical Turk assuming that not all would complete the task and/or not all
participants would be included. Participants who completed the task received monetary
compensation of $5.50 for approximately 40 minutes of participation. We used the data from all
115 participants who completed the experiment (mean age = 37.0; 73 male, 40 female, 1 nonbinary, 1 prefer not to say).
Materials
We created two versions of eight screen-captured instructional videos to serve as stimuli,
with half of the videos covering topics in Microsoft Paint and the other half covering topics in
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Microsoft Excel. The four Excel videos demonstrated how to use the AVERAGE and MEDIAN
functions (duration of 1:07), how to freeze and unfreeze panels (duration of 0:59), how to change
the case of text (duration of 1:17), and how to transpose data (duration of 0:50). The four Paint
videos demonstrated how to use the transparency tool (duration of 1:31), how to use the rightclick erase tool to change one color to another (duration of 1:08), how to create a textured line
(duration of 0:56), and use transparent selection to put part of a picture on top of another picture
(duration of 1:10). Video was captured with Movavi Screen capture system at a resolution of
1600x900 and audio was captured with an external Rhode microphone. Videos were shown at 30
fps at the resolution of the participant's screen.
We also added a brief flash of a blank black screen around the middle of each video, after
which we changed something (color, object location, list order, etc.) on the screen. Each video
contained the author’s gaze position plotted and presented in the form of a moving red circular
overlay. Each video was presented in one of two versions (within-participants), an original
version and a version in which the EMME saccades to the location of the change right before the
flash occurs.
Design
Participants were randomly assigned to one of two groups using the Randomizer function
in Qualtrics. For one group, half of the Microsoft Excel videos and half of Microsoft Paint videos
contained a cue to the change, and for the other group, the other half of the Microsoft Excel
videos and the other half of the Microsoft Paint videos contained a cue to the change. In other
words, each participant watched four videos that contained a cue to the change and four videos
that did not contain a cue to the change. Additionally, the order in which the videos were
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presented was randomized for each participant, again using the Randomizer function in
Qualtrics.
Procedures
Participants first reviewed and signed a consent form and answered a few general
questions (age, gender, education level, screen-size, frequency of use of Microsoft Excel, and
frequency of use of Microsoft Paint). The following screen contained instructions specifying that
they will view eight videos created by two different authors, one author demonstrating various
concepts in Microsoft Excel and the other demonstrating various concepts in Microsoft Paint.
Participants were told that in each of the videos, there will be a moving red dot on the screen that
shows where the video’s author was looking while making the video. They were also informed
that at some point in each video, the screen will briefly flash, during which a sudden change to
the color, form, or location of an on-screen object (or objects) will occur. In other words, before
the flash things will look one way, and then after the flash something will be different. They
were given an example of such a change in Microsoft Excel in which two of the columns
switched locations.
Participants were then informed that their task is to try to detect the change and to learn
as much as they can from each instructional video, because they will be tested on the contents of
the videos and asked questions regarding the changes. As such, they were asked to try to balance
their attention naturally between the content of the videos and detecting the changes. In addition,
participants were informed that they will be asked to complete a series of questionnaires after
watching all eight videos and were also warned that they will be tested on the contents of the
experiment instructions immediately after reading the instructions. Finally, they were asked to
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listen to the videos with the sound on and to make the videos full screen before watching them,
with an example screenshot highlighting the full-screen button for reference.
Each trial consisted of a timed video playback screen with an embedded Vimeo
video. To prevent participants from skipping to the next screen without watching the video, the
arrow to advance only appeared after participants had been on the video screen for 75 seconds.
Participants then advanced to a separate screen containing the following four questions: 1)
“Were you able to watch the previous video in its entirety?” (Yes/No), 2) “Were you able to
watch the previous video in fullscreen?” (Yes/No), 3) “In a single, grammatical sentence, please
describe the main idea of the video.” (Response box), and 4) “Did you notice any sudden
changes in color, shape, positioning, or other physical qualities of things on the screen?”
(Yes/No). If participants indicated “Yes” for the fourth question, they were asked to describe
what changed in one sentence using a response box. These questions were followed by another
screen containing four multiple-choice questions (4AFC) testing participant understanding of the
preceding video. For example, one of the questions for the video on the freeze pane feature in
Microsoft Excel is, “If ‘Freeze Top Row’ is selected under the ‘Freeze Panes’ feature, what will
happen?”
After completing all eight trials, participants answered a series of questions relating
to contextual ToM tendency. The first question asked, “To what degree did you find yourself
following the gaze cursor (red dot on the screen)?” Participants were able to respond using a
scale from 1 to 7, with 1 being “Not at all” and 7 being “The entire time.” The second question
asked, “To what degree did you find the gaze cursor helpful or distracting?” Participants were
able to choose from 7 options (Very distracting, Moderately distracting, Somewhat distracting,
Neutral, Somewhat helpful, Moderately helpful, Very helpful). The third and fourth questions
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asked participants to indicate whether or not they thought about why the author looked where
they did and whether they thought about what the author looked at using scales from 1 to 7, with
1 being “Never”, 4 being “Sometimes”, and 7 being “Always”. Then, participants rated the
degree to which they noticed the temporal relation of the author’s gaze relative to their own
using a scale from 1 to 7, with 1 being “Did not notice at all” and 7 being “Definitely noticed.”
Finally, participants indicated the degree to which they think they would watch an instructional
video similar to this one with the author’s gaze plotted using a scale from 1 to 7, with 1 being
“Definitely would not” and 7 being “Definitely would.”
The next series of questions were related to how participants viewed the authors of
the videos and their viewing experience. First, participants were asked whether or not they had a
preference of one author over another (I liked both authors equally, I preferred the author
instructing in Microsoft Excel, I preferred the author instructing in Microsoft Paint). Then, they
rated the level of proficiency in Excel they believed the author of the Microsoft Excel videos to
have based on what they saw in the previous videos using a scale from 1 to 7, with 1 being
“Novice”, 4 being “Intermediate”, and 7 being “Expert”. They also rated how knowledgeable
they believe the author of the Microsoft Excel videos is in comparison to themselves using a
scale from 1 to 7, with 1 being “Much less knowledgeable”, 4 being “Equal knowledge”, and 7
being “Much more knowledgeable”. After this, they completed the same ratings again but for the
author of the Microsoft Paint videos.
The next page contained only two more questions, “Did you make the videos full
screen when you watched them? Please answer honestly. This is just for our knowledge.”
(Yes/No/Some, but not all) and “Did you experience any problems with the videos? If so, please
explain below. If not, please type N/A.” (text entry box).

12

After this series of questions, participants completed the perspective-taking subscale
of the Interpersonal Reactivity Index (IRI; Davis, 1983), which is considered to measure
cognitive empathy (α = 0.88). This subscale of the IRI tested participants’ abilities to understand
another person’s viewpoint and practice cognitive empathy through a series of seven statements
(ex. “I try to look at everybody’s side of a disagreement before I make a decision”) rated on a 5point Likert scale (A-E; A being “Does not describe me very well” and E being “Describes me
very well”).
For the last two portions of the experiment, participants completed a shortened
version of the Reading the Mind in the Eyes test (RME; Baron-Cohen et al., 2001; Olderback et
al., 2015) and the cognitive subscales of the Emotion Specific Empathy Questionnaire (ESE;
Olderback et al., 2015). The shortened version of the Reading the Mind in the Eyes test is made
up of 10 questions. Each question consists of a picture of a face that is cropped so that only the
eye region is visible and four possible response choices (the correct target word and three
incorrect foil words) for the emotion being shown. The cognitive subscales of the Emotion
Specific Empathy Questionnaire form a set of 30 statements (ex. “It is easy for me to understand
why others become sad when something heartbreaking happens to them”) rated on a 7-point
Likert scale (-3, Disagree Strongly; -2, Disagree Somewhat, -1, Disagree Slightly; 0, Neutral; 1,
Agree Slightly; 2, Agree Somewhat; 3, Agree Strongly).
After completing all the questionnaires, participants were thanked for their
participation and given a code to enter into Mechanical Turk for compensation.
Measures
Attention and Effort. In an attempt to create a measure that represents the amount of
attention and effort put forth by participants during the experiment, we averaged the number of
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characters used in participants’ typed responses across all eight videos to the prompt, “In a
single, grammatical sentence, please describe the main idea of the video.”
Learning. Learning was measured by calculating the total number of correct responses to
the multiple-choice questions on the contents of the videos and dividing it by the total number of
questions.
Theory of Mind. We computed a general ToM ability score by standardizing and
averaging the individual assessment scores for the IRI, RME, and ESE. Scores for the IRI were
computed by first scoring the individual items using the following key: A=0, B=1, C=2, D=3,
E=4 (unless the item is instructed to be reverse-scored, in which case the key is: A=4, B=3, C=2,
D=1, E=0) and then summing up the individual scores to create a total IRI score. Scores for the
RME were computed by scoring each item as correct or incorrect, and then adding up the total
number of correct items and dividing that by the total number of items (10 total). Scores for the
ESE subscales were computed by averaging across all relevant items. Additionally, a contextual
ToM tendency score was computed by averaging the scores of all of the five relevant questions
mentioned previously.
Change Detection. Change detection responses were first scored by a single lab member
using a scale of 0-2. Participants were given a 0 if they responded “No” to the question “Did you
notice any sudden changes in color, shape, positioning, or other physical qualities of things on
the screen?” Participants who indicated “Yes” to this question but did not accurately describe the
change when asked were assigned a 1. Therefore, participants only received a score of 2 if they
answered “Yes” to the question and also accurately described the change when asked.
After this initial round of scoring, the previous lab member and another additional lab
member independently scored the responses on a scale of 0-1. Participants were automatically
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given a 0 if they received a 0 in the initial round of scoring and a 1 if they received a 2 in the
initial round of scoring. For the participants that initially received a score of 1, each lab member
decided if the description of the change was accurate enough. If the description of the change
was accurate enough in the second round of scoring, participants were given a 1. Participants
were given a 0 for cases where, upon closer inspection, the description of the change was such
that it was very unlikely that the participant actually saw the change. In the instances that the two
raters came to different conclusions for participants who were initially given a score of 1, the
discrepancies were discussed and a final score of either 0 or 1 was decided. Scores were
individually summed for cued and uncued changes across videos. Additionally, in order to
determine the effect of gaze cueing on change detection, we subtracted the change detection
score for the uncued changes from the change detection scores for the cued changes.

Results
Learning
To test whether ToM predicts learning, we ran a linear regression with learning as the
dependent measure and general ToM ability and contextual ToM tendency as our main
predictors of interest (bivariate correlations can be found in Appendix A). We also added age,
education, and the average number of response characters in the participants’ descriptions of the
main ideas of the videos as nuisance covariates, with the plan to drop any nonsignificant
measures and re-run the analysis. Of these three nuisance variables, only the average number of
response characters was significant (𝛽 = .367, t(109) = 4.150, p < .001) in the initial model and
retained in the analysis. After re-running the regression, results showed that 41.2% of the
variance in learning could be accounted for by the three predictors, F(3, 111) = 25.973, p < .001.
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In terms of the unique individual contributions of the predictors, general ToM ability (𝛽 = .264,
t(111) = 3.107, p = .002) and average number of response characters (𝛽 = .366, t(111) = 4.205, p
< .001) positively predicted learning, while contextual ToM tendency negatively predicted
learning, 𝛽 = -.235, t(111) = -3.137, p = .002.
Since both of the composite ToM measures were significant predictors of learning in the
previous model, we ran two additional regressions. The first model contained the individual ToM
ability measures instead of the composite ToM ability measure as predictors, along with the
composite ToM tendency measure and the average number of response characters, in order to
determine which of the specific ToM ability measures predict learning. After checking the
correlations among the individual ToM ability measures for multicollinearity, we continued with
all three in the model. Results showed that 49.2% of the variance in learning could be accounted
for by the five predictors, F(5, 109) = 21.121, p < .001. In terms of the individual ToM ability
measures, only the Reading the Mind in the Eyes measure was a significant positive predictor of
learning, 𝛽 = .405, t(109) = 4.259, p < .001.
The second model we ran contained the individual ToM tendency measures instead of the
composite ToM tendency measure as predictors, along with the composite ToM ability measure
and the average number of response characters, in order to determine which of the specific ToM
tendency measures predict learning. Since the individual measures of how much the participants
thought about why the instructor was looking at and how much the participants thought about
what the instructor was looking at were highly correlated (r = .81), we chose to retain the
average of these two measures in the model. Results showed that 42.2% of the variance in
learning could be accounted for by the six predictors, F(6, 108) = 13.140, p < .001. However,
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none of the ToM tendency measures were significant predictors of learning on their own (ps >
.07).
Cueing Effect and Change Detection
We initially included a measure of the cueing effect, because we thought ToM would
play an important role in detecting changes cued by the instructor’s gaze, but ToM ended up not
being a predictor of this measure. While ToM ended up being a significant predictor of overall
change detection, this measure, along with the cueing effect, were not our primary outcomes of
interest. Therefore, we decided to put the results of these analyses in Appendix C.

Discussion
Experiment 1 demonstrates that ToM impacts learning in the context of screen-captured
instructional videos depicting the instructor’s gaze as an EMME, and that the extent to which
ToM is deployed in the context of these videos matters. Specifically, our results indicate that
greater ToM abilities (specifically those measured by the RME task) improve learning, while
using these ToM abilities when viewing our screen-captured instructional videos worsens
learning. Additionally, our results suggest a link between the amount of effort participants put in
and how much they learn, as higher levels of learning were associated with greater elaboration in
the video descriptions participants gave.
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CHAPTER III

Experiment 2

To ensure that our results are robust and to enhance our study design, we ran a preregistered replication (osf.io/g72f6) of Experiment 1 with 100 participants. We pre-specified that
participants would be excluded if they completed the task before, incorrectly answer a picture
captcha, or inconsistently answer our two trap questions (age and year of birth, allowing for one
year of discrepancy), or have either missing or incomplete data. We also pre-registered the
addition of a picture captcha, pre-test, and mental-rotation task. Otherwise, Experiments 1 and 2
were identical.

Methods
Participants
Our target sample size was 100 participants, but we recruited 110 participants through
Amazon Mechanical Turk assuming that not all would complete the task and/or not all
participants would be included. Participants who completed the task received monetary
compensation of $8.00 for approximately 60 minutes of participation. We excluded one
participant for inconsistently answering the trap questions, one participant who indicated that
they watched some of the videos more than once, and eight participants who gave nonsense or
bot-appearing responses to the short answer items. In total, we excluded ten participants, leaving
data from 100 participants to analyze (mean age = 34.8, 60 male, 39 female, 1 transgender maleto-female).
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Materials
Stimuli were identical to those in Experiment 1.
Design
Design was identical to that in Experiment 1.
Procedures
The procedure was identical to Experiment 1 with a few exceptions. First, we asked
participants to report the year they were born as a trap question for comparison with their
reported age, as well as a picture captcha to help weed out any potential bots or participants with
low attention.
Second, we phrased the task a little differently, as we were concerned that participants
were devoting too much attention to detecting the change in Experiment 1 at the expense of
learning. As mentioned above, participants were told in Experiment 1 that their task is to try to
detect the change and to learn as much as they can from each instructional video, because they
will be tested on the contents of the videos and asked questions regarding the changes. As such,
they were asked to try to balance their attention naturally between the content of the videos and
detecting the changes. In Experiment 2, participants were told that their task is to try to learn as
much as they can from each instructional video and to not devote too much effort to trying to
detect the change in each video. However, participants were informed that they would be asked
to report and describe any changes they happen to see in addition to being tested on the contents
of the videos.
Last, we added a mental rotation task to add an additional measure to control for the
amount of effort exerted by participants, with the idea higher accuracy on this task reflects
greater levels of attention and effort from the participants. We also added this measure as a
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visual performance task that would control for the average visual ability of participants. In other
words, certain perceptual skills could be associated with Theory of Mind, such as computing
another person’s gaze in a naturalistic 3D setting. However, these skills are not of interest in this
study, because gaze is represented as a moving, circular, 2D cue. This task consisted of 20 items
preceded by a set of instructions and an example problem. Each problem showed a target figure
and 4 possible rotated options, two of which were correct rotations of the target figure.
Participants were asked to click on the two rotated figures that represented a rotated version of
the target figure. Mental rotation accuracy was calculated by taking the number of correct
responses and dividing it by the total number of responses.
Measures
Learning. Learning was measured by subtracting the total number of correct responses
for the pre-test from the total number of correct responses for the post-test.
Mental Rotation Accuracy. Mental rotation accuracy was calculated by taking the
number of correct responses and dividing it by the total number of responses.

Results
Learning
To test whether ToM predicts learning, we ran a linear regression with learning (post-test
accuracy minus pre-test accuracy) as the dependent measure and general ToM ability, contextual
ToM tendency, and mental rotation accuracy as our main predictors of interest (bivariate
correlations can be found in Appendix B). We also added age, education, and average number of
response characters as nuisance covariates, with the plan to drop any nonsignificant measures
and re-run the analysis. Of the three nuisance variables, only the average number of response
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characters was significant (𝛽 = .311, t(93) = 3.283, p = .001) and retained in the analysis. After
re-running the regression, results showed that 31.5% of the variance in learning can be accounted
for by the four predictors, F(4, 95) = 12.362, p < .001. In terms of the unique individual
contributions of the predictors, mental rotation accuracy (𝛽 = .279, t(95) = 3.018, p = .003) and
average number of response characters (𝛽 = .310, t(95) = 3.313, p = .001) positively predict
learning. Furthermore, contextual ToM tendency negatively predicted learning (𝛽 = -.184, t(95)
= -2.092, p = .039), while general ToM ability did not significantly predict learning at all (𝛽 =
.029, t(95) = .332, p = .740).
Since the composite measure for contextual ToM tendency was a significant predictor of
learning in the previous model, we re-ran the previous regression with the individual contextual
ToM tendency measures instead of the composite contextual ToM tendency measure as a
predictors in order to determine which of the specific contextual ToM tendencies predict
learning. Again, two of these individual measures were highly correlated (r = .71), we chose to
retain an average of the two measures to avoid multicollinearity. Results showed that 31.3% of
the variance in learning can be accounted for by the seven predictors, F(7, 92) = 7.458, p < .001.
In terms of the specific contextual ToM tendencies, only the averaged measure of how much the
participants thought about what the instructor was looking at and why the instructor was looking
at it was a significant negative predictor of learning, 𝛽 = -.246, t(92) = -2.133, p = .036.
Cueing Effect and Change Detection
Just like Experiment 1, ToM ended up being a significant predictor for overall change
detection but not the cueing effect. Therefore, we decided to put the results of these analyses in
Appendix C, again, because these two measures were not our primary outcome of interest.
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Discussion
Similar to Experiment 1, Experiment 2 demonstrates that even when controlling for
visual/spatial ability both ToM and the amount of effort participants put in predicts learning in
the context of screen-captured instructional videos depicting the instructor’s gaze as an EMME,
and that the extent to which ToM is deployed in the context of these videos matters. Specifically,
our results from Experiment 2 indicate that engaging in ToM skills while viewing these videos
(measured as contextual ToM tendency) worsens learning, just as it did in Experiment 1. On the
other hand, higher levels of learning were associated with both greater mental rotation accuracy
and greater elaboration in the video descriptions participants gave. Surprisingly, we did not find
a relationship between general ToM ability and learning like we did in Experiment 1.
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CHAPTER IV

General Discussion

Overall, the results of Experiments 1 and 2 suggest that the amount of effort put forth by
participants (as measured by the number of characters in their descriptions of the video) can
facilitate learning in the context of screen-captured instructional videos, even when controlling
for visual/spatial ability with the mental rotation task in Experiment 2. Additionally, the results
from both of these experiments suggest that the extent to which ToM is deployed matters when
viewing screen-captured instructional videos containing EMMEs, as engaging in ToM skills in
this context worsened viewers’ learning. However, it remains unclear what role general ToM
ability plays in learning from this type of multimedia stimulus, although the results from
Experiment 1 suggest that it could improve learning.
While it might be surprising that the contextual ToM tendency measure was a negative
predictor of learning, it makes sense if you consider the particular stimuli that we used. As stated
in the introduction, EMMEs are a 2D representation of what would otherwise be a naturalistic
gaze cue. Since gaze is helpful in many contexts, from coordinating parallel activity (Brennan et
al., 2008) to speech (Griffin & Bock, 2000) to even communicating emotions (Kleinke, 1986), it
would naturally follow that viewers would attempt to extract something useful from the EMME.
However, what Macdonald and Tatler (2013) said about a study conducted by Knoeferle and
Kreysa (2012) holds true for our study, “The informativeness of the gaze cues here is supportive
to the task rather than central to the task: That is, all of the information required to understand
the sentence and the relationships displayed was contained in the spoken language.” While the
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EMMEs in our study reflected the instructor’s attention with high temporal precision, this may
not have been sufficient in making these gaze cues useful, as the instructor’s attention was also
reflected in the mouse cursor’s movements and the instructor’s verbalizations. If the EMMEs
themselves were not particularly useful above and beyond the other cues present in the videos,
then it would reasonably follow that engaging in deeper processing about what the gaze cue
represents and, as a result, the instructor’s cognitions would not facilitate learning. In fact, in the
case of our study, we found evidence that engaging in ToM while viewing the videos actually
hampered learning.
This leads to an important distinction mentioned in the introduction between ToM ability,
or a person’s capacity to compute the mental states of another, and ToM tendency, their actual
frequency to do so (Apperly, 20. The three individual tasks that made up our general ToM ability
measure (ESE, RME, and IRI) are commonly used to measure ToM through explicitly prompting
such mental processes, which make them less-than-ideal measures of implicit, spontaneous
tendencies to engage in ToM cognitions (Meins & Fernyhough, 1999; Rooney & Balint, 2018).
Our results lend support to this idea that ToM ability and ToM tendency are two related, but
distinct, phenomena. This is particularly true for Experiment 1, where ToM ability facilitated
learning and ToM tendency worsened learning.
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Conclusion
The present study illustrates the role that Theory of Mind (ToM) plays in learning from
screen-captured instructional videos, particularly ones that include an Eye Movement Modeling
Example (EMME), and the importance of both distinguishing between and measuring a person’s
ability to engage in ToM cognitions and their actual tendency to do so. The findings indicate that
the deployment of ToM in the context of our instructional videos hampers learning, while having
a greater capacity to engage in ToM cognitions in general can potentially increase learning.
Additionally, the findings provide further evidence for the importance of measuring and
controlling for the effort given by participants during the study.
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APPENDIX A
Experiment 1 Bivariate Correlations
Table 1
Bivariate correlations between the nuisance, outcome, and ToM ability measures.

Age
Age

Education

Character
Count

Cueing
Effect

Test
Accuracy

CD

ToM
Ability

IRI

RME

ESE

—

Education

.007

—

Character
Count

.128

.064

—

Cueing
Effect

-.067

-.076

.028

—

CD

-.120

-.104

.426

-.100

—

Test
Accuracy

.053

-.025

.557

-.038

.481

—

ToM
Ability

.179

-.096

.519

-.011

.365

.480

—

IRI

.138

-.049

.256

-.005

.120

.109

.752

—

RME

.116

-.064

.533

.035

.405

.620

.794

.301

—

ESE

.183

-.120

.475

-.056

.364

.440

.888

.528

.631
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Table 2
Bivariate correlations between the nuisance, outcome, and ToM tendency measures.

Age
Age

Education

Character
Count

Cueing
Effect

CD

Test
Accuracy

ToM
Tendency

Cursor
Follow

Cursor
Help

Think
Why

Think
What

See
Temporal

—

Education

.007

—

Character
Count

.128

.064

—

Cueing
Effect

-.067

-.076

.028

—

CD

-.120

-.104

.426

-.100

—

Test
Accuracy

.053

-.025

.557

-.038

.481

—

ToM
Tendency

-.111

.098

-.231

.093

-.111

-.348

—

Cursor
Follow

-.077

.097

-.161

-.089

-.111

-.223

.695

—

Cursor
Help

-.058

.133

-.211

.193

-.195

-.283

.630

.330

—

Think
Why

-.050

-.005

-.146

-.001

.002

-.255

.840

.518

.342

—

Think
What

-.059

.050

-.111

.058

-.043

-.198

.853

.495

.368

.807

—

See
Temporal

-.163

.087

-.227

.132

-.068

-.330

.746

.409

.270

.518

.548
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Table 3
Bivariate correlations between the ToM ability and ToM tendency measures.
ToM
Ability
ToM
Ability

IRI

RME

ESE

ToM
Tendency

Cursor
Follow

Cursor
Help

Think
Why

Think
What

See
Temporal

—

IRI

.752

—

RME

.794

.301

—

ESE

.888

.528

.631

—

ToM
Tendency

-.111

.127

-.258

-.139

—

Cursor
Follow

-.016

.204

-.176

-.069

.695

—

Cursor
Help

-.128

.040

-.245

-.106

.630

.330

—

Think
Why

-.068

.144

-.201

-.108

.840

.518

.342

—

Think
What

-.073

.063

-.132

-.109

.853

.495

.368

.807

—

See
Temporal

-.107

.061

-.202

-.119

.746

.409

.270

.518

.548

34

—

APPENDIX B
Experiment 2 Bivariate Correlations
Table 1
Bivariate correlations between the nuisance, outcome, and ToM ability measures.

Age
Age

Education

Character
Count

Cueing
Effect

CD

Test
Accuracy

Mental
Rotation

ToM
Ability

IRI

RME

ESE

—

Education

.123

—

Character
Count

.004

.014

—

Cueing
Effect

.068

-.076

-.061

—

CD

-.090

-.053

.339

.140

—

Test
Accuracy

-.074

-.057

.478

-.126

.177

—

Mental
Rotation

.061

-.009

.395

-.090

.169

.451

—

ToM
Ability

.079

-.227

.264

-.007

.240

.217

.254

—

IRI

.061

-.158

.089

.020

.122

-.009

.179

.738

—

RME

.088

-.106

.342

-.001

.204

.370

.291

.662

.149

—

ESE

.025

-.238

.153

-.034

.206

.120

.090

.813

.482

.316
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Table 2
Bivariate correlations between the nuisance, outcome, and ToM tendency measures.

Age
Age

Education

Character
Count

Cueing
Effect

CD

Test
Accuracy

Mental
Rotation

ToM
Tendency

Cursor
Follow

Cursor
Help

Think
Why

Think
What

See
Temporal

—

Education

.123

—

Character
Count

.004

.014

—

Cueing
Effect

.068

-.076

-.061

—

CD

-.090

-.053

.339

.140

—

Test
Accuracy

-.074

-.057

.478

-.126

.177

—

Mental
Rotation

.061

-.009

.395

-.090

.169

.451

—

ToM
Tendency

.107

.172

-.270

-.029

.066

-.336

-.226

—

Cursor
Follow

.093

.160

-.171

.114

.136

-.249

-.251

.730

—

Cursor
Help

.145

.135

-.213

-.091

-.060

-.189

-.027

.418

.274

—

Think
Why

.094

.193

-.258

-.113

-.029

-.303

-.217

.819

.452

.071

—

Think
What

.040

.042

-.146

-.020

.104

-.321

-.203

.841

.519

.229

.710

—

See
Temporal

.023

.092

-.176

.022

.088

-.142

-.117

.741

.435

-.014

.627

.508

36

—

Table 3
Bivariate correlations between the ToM ability and ToM tendency measures.
ToM
Ability
ToM
Ability

IRI

RME

ESE

ToM
Tendency

Cursor
Follow

Cursor
Help

Think
Why

Think
What

See
Temporal

—

IRI

.738

—

RME

.662

.149

—

ESE

.813

.483

.316

—

ToM
Tendency

-.191

.036

-.381

-.079

—

Cursor
Follow

-.100

.022

-.208

-.036

.730

—

Cursor
Help

-.185

-.094

-.141

-.175

.418

.274

—

Think
Why

-.198

.012

-.375

-.075

.819

.452

.071

—

Think
What

-.113

.066

-.302

-.012

.841

.519

.229

.710

—

See
Temporal

-.088

.107

-.310

.009

.741

.435

-.014

.627

.508
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APPENDIX C
Cueing Effect and Change Detection
Experiment 1
To test whether ToM predicts change detection, we ran a linear regression with the
change detection cueing effect (accuracy for cued changes minus accuracy for uncued changes)
as the dependent measure and general ToM ability and contextual ToM tendency as our main
predictors of interest. We also added age, education, and average number of response characters
as nuisance covariates, with the plan to drop any nonsignificant measures and re-run the analysis.
In our initial model, all three nuisance variables were not significant and dropped. We re-ran the
analysis and found that neither general ToM ability (𝛽 = -2.189e-4, t(112) = -.002, p = .998) or
contextual ToM tendency (𝛽 = .093, t(112) = .985, p = .327) predicted the change detection
cueing effect. Additionally, a paired samples t-test revealed no significant difference in change
detection accuracy for the cued (M = .252, SD = .292) and uncued (M = .239, SD = .322)
changes, t(114) = .353, p = .724.
Since the model with the change detection cueing effect and the paired samples t-test
comparing change detection accuracy for the cued and uncued changes were not significant, we
re-ran the previous model with overall change detection accuracy as the dependent measure
instead of the change detection cueing effect. In the initial model containing all of the nuisance
covariates, age (𝛽 = -.203, t(109) = -2.414, p = .017) and average number of response characters
(𝛽 = .344, t(109) = 3.455, p < .001) ended up being significant and retained in the model.
Interestingly, when the model was re-ran, results showed that 25.1% of the variance in overall
change detection accuracy can be accounted for by the four predictors, F(4, 110) = 9.212, p <
.001. In terms of the unique individual contributions of the predictors, general ToM ability (𝛽 =
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.230, t(110) = 2.356, p = .020) and average number of response characters (𝛽 = .326, t(110) =
3.299, p < .001) positively predicted change detection accuracy, and age negatively predicted
change detection accuracy, 𝛽 = -.206, t(110) = -2.446, p = .016. Contextual ToM tendency, on
the other hand, is not a significant predictor of change detection accuracy, 𝛽 = -.033, t(110) = .391, p = .696.
Since the composite measure for general ToM ability was a significant predictor of
change detection accuracy in the previous model, we re-ran the previous regression with the
individual general ToM ability measures instead of the composite ToM ability measure as a
predictors in order to determine which of the specific ToM abilities predict change detection
accuracy. After checking the individual correlations for multicollinearity, we retained all three
individual general ToM ability measures in the model. Results showed that 27.9% of the
variance in change detection accuracy can be accounted for by the six predictors, F(6, 108) =
6.969, p < .001. However, in terms of the specific ToM abilities, none of the individual general
ToM ability measures were significant predictors of change detection accuracy (ps > .1).
Experiment 2
To test whether ToM predicts change detection, we ran a linear regression with the
change detection cueing effect (cued change detection minus uncued change detection) as the
dependent measure and general ToM ability, contextual ToM tendency, and mental rotation
accuracy as our main predictors of interest. We also added age, education, and average number
of response characters as nuisance covariates, with the plan to drop any nonsignificant measures
and re-run the analysis. In our initial model, all three nuisance variables were not significant and
dropped. We re-ran the analysis and found that neither general ToM ability (𝛽 = .010, t(96) =
.094, p = .925), contextual ToM tendency (𝛽 = -.051, t(96) = -.482, p = .631), or mental rotation
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accuracy (𝛽 = -.104, t(96) = -.974, p = .332) predicted the change detection cueing effect .
Additionally, a paired samples t-test revealed no significant difference in change detection
accuracy for the cued (M = .268, SD = .345) and uncued (M = .237, SD = .300) conditions, t(99)
= .715, p = .476.
Since the model with the change detection cueing effect and the paired samples t-test
comparing change detection accuracy for the cued and uncued changes were not significant, we
re-ran the previous model with overall change detection accuracy as the dependent measure
instead of the change detection cueing effect. In the initial model containing all of the nuisance
covariates, only the average number of response characters was significant (𝛽 = .332, t(93) =
3.150, p = .002) and retained in the model. Interestingly, when the model was re-ran, results
showed that 13.2% of the variance in overall change detection accuracy can be accounted for by
the seven predictors, F(4, 95) = 5.025, p = .001. In terms of the unique individual contributions
of the predictors, contextual ToM tendency (𝛽 = .198, t(95) = 2.015, p = .047) and average
number of response characters (𝛽 = .330, t(95) = 3.140, p = .002) positively predicted change
detection accuracy. General ToM ability (𝛽 = .182, t(95) = 1.845, p = .068) and mental rotation
accuracy (𝛽 = .037, t(95) = .359, p = .720), on the other hand, were not significant predictors of
change detection accuracy.
Since the composite measure for contextual ToM tendency was a significant predictor of
change detection accuracy in the previous model, we re-ran the previous regression with the
individual contextual ToM tendency measures instead of the composite contextual ToM
tendency measure as a predictors in order to determine which of the specific contextual ToM
tendencies predict change detection accuracy. Since the individual measures of how much the
participants thought about why the instructor was looking at and how much the participants
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thought about what the instructor was looking at were highly correlated (r = .71), we chose to
retain an average of the two measures. Results showed that only 12.9% of the variance in
learning can be accounted for by the seven predictors, F(7, 92) = 3.096, p = .006. In terms of the
specific contextual ToM tendencies, none of the individual measures were significant predictors
of change detection accuracy (ps > .11).
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