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SUMMARY 

Medical illustration traditionally evaluates a successful illustration based on the 

effectiveness of information transmission: did the audience learn the material? This study 

expands that view of success by examining not only effective information transmission, 

but also the influence of the information on the audience’s beliefs and behaviors by 

affecting their implicit theory of intelligence.  

Implicit theories are the unexamined beliefs we hold about the world around us. 

Psychology research indicates that instruction on neuroplasticity can affect implicit 

theories of intelligence -- whether we believe intelligence to be a fixed or dynamic 

quality. Implicit theories have been widely shown to impact behavior and performance in 

conflict, challenge, and failure. 

This study involved the creation of a visually rich interactive eLearning module 

teaching about the dynamic changes happening within the brain. The module was tested 

for both traditional learning outcomes (fact transmission) and formative outcomes 

(change in implicit theory) through a pre/post-test design. Subjects were recruited 

through Amazon’s Mechanical Turk crowdsourcing platform. 

The average knowledge test score went from 51% pre-test to 82% post-test (n=47, 

p<0.0001, Cohen’s d = 1.53) and the average implicit theory score increased by 0.55 pre- 

to post-test (n=47, p<0.0001, Cohen’s d = 0.64).  These results strongly support the 

hypothesis. Not only did participants learn the material presented in the interactive, but it 

changed their implicit beliefs about the nature of intelligence. 

vi 
 



 

I. INTRODUCTION 

A. Implicit Theories of Intelligence 

The term implicit theory was coined in 1955 to describe the unexamined 

assumptions that govern how we interpret the world around us; for example, many 

assume that someone who is kind is also generous, or someone who is tall is also 

trustworthy (Colman, 2008). These unconscious assumptions affect how we perceive 

others and ourselves. In addition to correlation between traits, implicit theories also 

include our assumptions about whether personality traits are static or malleable. There are 

two main implicit theories regarding change: entity and increment. An entity theorist 

holds that personality is a stable entity. An increment theorist holds that personality is 

incrementally changing. 

As the implicit theory conversation began, researchers observed and described the 

ways that implicit theories govern our motivation, judgments, and behavior. This work 

continued through the 1980’s describing what dispositional inferences people make and 

when they make them (Ross, 1989; Dweck, Hong, & Chiu, 1993), all based on entity vs. 

increment implicit theories. That work allowed researchers to move into the next realm. 

They knew how implicit theories affected internal judgments, now it was time to study 

their effect on external outcomes.  

The dispositional inferences studies found that entity theorists make broader 

judgments about themselves and others. As a result, they are more punitive when they 

believe someone is guilty. On the other hand, an increment theorist thinks there is more 

possibility for reform, and therefore are less likely to desire harsh punishment (Dweck et 

al., 1993). The same judgments of others also apply to the self. When an entity theorist 
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fails, they feel they are a failure. When an increment theorist fails, they feel they need to 

work harder or work differently next time (Dweck, Chiu, & Hong, 1995). Increment 

theorists are less likely to seek revenge and more likely to negotiate in response to 

conflict (Yeager, Trzesniewski, Tirri, Nokelainen, & Dweck, 2011). Entity theorists will 

resort to revenge or manipulation (Kammrath & Dweck, 2006). Unlike entity theorists, 

increment theorists remain effective learners even when there is a strong chance of failure 

(Mangels, Buttterfield, Lamb, Good, & Dweck, 2006) because they persevere through 

problem solving in response to failure (Da Fonseca, Cury, Bailly, & Rufo, 2004). They 

are also more likely to seek out challenging situations, and even perform better in serious 

gaming (Lee, Heeter, Magerko, & Medler, 2012). 

In addition to discovering the myriad ways that implicit theory determines 

behavior, psychologists also discovered that the theories themselves were capable of 

changing. Though individuals may have a dominant fixed or increment theory, they vary 

their response based on context, situation, and the trait in question. An individual may 

have a strong entity theory regarding moral character, but an increment theory of 

intelligence. This malleability in implicit theories of personality has led researchers to 

test their own ability to influence the theory of their research subject, especially implicit 

theories regarding intelligence. As an example, undergraduates in a pen pal program who 

were taught to write letters about how intelligence can get stronger like a muscle – an 

increment theory – enjoyed learning more and had higher GPAs as a result of the 

intervention (Aronson, Fried, & Good, 2002). Another group of researchers successfully 

induced either fixed or entity theories by presenting undergraduate students with 

fictitious science articles arguing for one of the two theories (Dweck et al., 1995).  
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There is no need for fictitious science to influence implicit theories, however. 

Researchers in the same lab used the actual science of neuroplasticity to influence 

implicit theory. They developed a curriculum for middle school students teaching about 

the brain and how it forms new synapses when learning, taught in short weekly sessions 

for eight weeks. Students who went through the curriculum earned higher grades, despite 

a previous downward spiral (Blackwell, Trzesniewski, & Dweck, 2007). That curriculum 

has since been developed into a computer-based intervention called “Brainology.” Early 

results indicated it improves study habits and persistence (Dweck, 2008), and it is now 

being marketed for use in middle schools (Chandler, 2012).  

This work suggests that if you believe your neurons are static, then you believe 

your ability is as well, especially your intelligence. On the other hand, individuals aware 

of the brains’ remarkable plasticity across their lifetime (such as described by White, 

Hutka, Williams & Moreno, 2013) will possess a strong increment theory of personality. 

Furthermore, a common qualitative theme emerged from the Brainology pilot: “Many 

students reported picturing their neurons forming new connections as they studied and 

learned,” (Dweck, 2008, p.392). This speaks to the power of visualizations to teach about 

neuroplasticity and subsequently influence implicit theory and change behavior. 

 

B. Neuroplasticity 

Neuroplasticity is an umbrella term describing how the brain is a deeply adaptive, 

dynamic organ capable of change at the functional, molecular, and cellular levels. A 

review by Bruel-Jungerman, Davis, and Laroche describes the four main processes by 

which the brain changes: long term potentiation, long term depression, synaptogenesis, 
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and neurogenesis. Long term potentiation (LTP) is the process by which synapses get 

stronger as part of memory formation. Long term depression (LTD) is the process to 

weaken synapses. It serves to counter-balance LTP, but it also has its own independent 

role in memory formation through weakening non-active synapses, indirectly 

strengthening active ones by contrast. Both LTP and LTD occur through changes in the 

molecules present at the synapse surface. Synaptogenesis involves greater changes, both 

in size and shape of synapses as well as the growth of new synapses. Finally, 

neurogenesis is the process of new neurons being formed. Though it was once thought 

that neurogenesis stopped after early development, it is now known that adults form 

thousands of new neurons every day and learning is the process by which these new 

neurons become integrated into existing networks. Otherwise they die through apoptosis 

(Bruel-Jungerma et al., 2007). These processes of neuronal change demonstrate that the 

brain is constantly changing through the ongoing process of memory formation and 

recall.  

Not only is the brain constantly changing through learning, but the rate of learning 

is influenced by what is already known. This happens through the formation of schemas, 

a neurobiological network of related memories (also the type of memory capitalized by 

cognitive load theory). One clear example is a study where rats had to learn the location 

of unique rewards scattered throughout a non-linear maze. The initial training took weeks 

of repetition; however, once they had developed a schema of the maze, a new reward and 

corresponding new location could be introduced and learned with only one exposure (Tse 

et al., 2007). Repetition was no longer necessary. Learning changes the brain’s structure 

in ways that make it easier to learn in the future.  
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In addition to learning, there are other ways people have influence over their own 

neuroplasticity. Exercise has been shown to profoundly impact cognitive function by 

influencing the four main process of neuroplasticity. It increases levels of molecular 

factors necessary for synaptic regulation (LTP and LTD), increases synaptogenesis, and 

increases neurogenesis (Ratey & Hagerman, 2008). Interestingly, though exercise 

increases the number of new neurons created, the same percentage will die (as compared 

to a non-exercise control) without the stimulation of learning. The connection between 

exercise and cognitive function is corroborated by a California Department of Education 

study showing that students with increased fitness levels also have increased test scores 

(Ratey & Hagerman, 2008).  

By understanding neuroplasticity, users will know that their brain is capable of 

fundamental change at the molecular and cellular levels. They will know that learning not 

only increases knowledge, but it also increases the speed of future learning, and they will 

know that their actions influence the entire process.  

 

C. Educational Digital Interactives 

Dynamic interactive visuals are gaining momentum as educational tools in the 

biological and health sciences. They are being used to teach research methods and 

statistics to nurses (Johnston, Boyle, MacArthur, & Manion, 2013), mental health literacy 

to young adults (Li, Chau, Wong, Lai & Yip, 2013), and molecular genetics to high 

school students (Marbach-Ad, Rotbain & Stavy, 2008), to name a few.   

Merely being digital and interactive does not ensure success, however. A 2014 

review by George et al examined all studies comparing eLearning to traditional learning 
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published between January 2000 and April 2013. Of the qualifying studies that directly 

compared knowledge gain between traditional and eLearning, 28% found higher 

knowledge gain for eLearning, 56% found no significant difference, 8% had mixed 

results favoring eLearning, and 8% found higher knowledge gain with traditional 

learning. Combined, it makes a strong case for the equivalence of eLearning to traditional 

learning and alludes to the potential of eLearning to surpass traditional learning methods.  

This leaves interactive designers with the question: what qualities distinguish the 

digital tools that surpass traditional learning from the tools that perform the same or 

worse? Though no work retroactively evaluating the quality of interactive media 

documented in past studies has been done, researchers and designers have begun to look 

to cognitive load theory to guide current interactive development.  

Cognitive load theory (CLT) is based on the principle that effective learning 

happens when the learning experience corresponds with the learner’s cognitive 

architecture. It focuses on developing the learner’s mental schema (a form of memory 

that becomes automatic and, once formed, can easily receive new information) without 

exceeding the limited capacity of working memory. Khalil, Paas, Johnson, and Payer 

(2005) identify five CLT design principles to guide interactive development:  

1. Learner Control: Allowing learners to control the pace decreases cognitive 

load and requires active processing, which is the key to schema formation.  

2. Visual Grouping: Group information into small segments to avoid exceeding 

working memory capacity.  

3. Modality Principle: Visual and verbal channels are processed separately by 

the learner, so using both decreases the cognitive load of each and promotes 
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integration of the two. Ideal modality use involves hearing the text narrated 

while seeing the visual, however, this limits the amount of user control 

compared to written text next to the visual.  

4. Contiguity Principle: Corresponding information needs to be presented 

together either temporally (learner hears the information when they see the 

visual) or spatially (learner reads the information next to where they see the 

visual).  

5. Signaling: Directing attention to relevant parts, such as through highlighting, 

decreases cognitive load and increases learning.  

These principles have been used to create successful education digital 

interactives, such as the CLT-based 3D animations on the upper limb of Hoyek, Collet, 

Di Rienzo, De Almeida, and Guillot (2014) that significantly improved student test scores 

on questions regarding spatial anatomy as well as the interactive eye model of Allen, 

Bhattacharyya, and Wilson (2014) in use at Western University. Interestingly, when 

pediatric residents were asked what features they felt were important in a web-based 

interactive on pediatric rheumatology, their requests align well with CLT. All the 

residents requested pictures (Signaling and Modality Principles), 93.2% requested 

interactivity (Learner Control Principle), and 86.4% requested graphics and animation 

(Modality Principle) (Batthish et al., 2013).  

In light of this evidence, digital interactives based in cognitive load theory are 

potent learning tools and should be effective in teaching about neuroplasticity and 

influencing implicit theories of intelligence.  
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II. RESEARCH QUESTIONS AND HYPOTHESIS 

Research Question: Does a digital interactive on neuroplasticity increase factual 

understanding of the process? 

Hypothesis: The digital interactive will improve understanding of neuroplasticity.  

 

Research Question: Does understanding neuroplasticity affect implicit theories of 

intelligence? 

Hypothesis: Understanding neuroplasticity will strengthen the increment theory of 

intelligence.  
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III. MATERIALS AND METHODS 

A. Design Process 

The digital interactive consists of five main segments: an introduction to 

synapses, molecular change, synaptic change, cellular change, and schema formation 

(Figure 1). The final product is a series of webpages coded with HTML/CSS using 

Adobe Dreamweaver CC 2014. Included within the webpages are illustrations and 

interactive scenes (see Appendix A for screenshots of full interactive). Illustrations were 

created using Adobe Illustrator CC 2014. A simple schematic style was chosen to reduce 

visual complexity. 

Interactive scenes were created using the Unity4 game engine. Scenes were 

storyboarded (Figure 2) and then built. The 3D models and textures were created with 

Autodesk 3ds Max 2014. The backgrounds were rendered out of 3ds Max and 

composited in Adobe Photoshop CC 2014. The functionality was written in Javascript for 

Unity, also called UnityScript. The interactive scenes allow the user to dynamically 

change variables and see the effect, solidifying the concept for that section.  

In addition to illustrations and interactive scenes, the module also ties in real-

world data with a photo of a memory by Liu et al (2012) and a time lapse video of a 

neuron network forming by Mir et al (2014), used by permission of the original authors 

(Appendix E). These tiers of complexity combine to form a robust learning environment. 

Schematic illustrations visualize each piece of information. Interactive scenes allow for 

user to dynamically practice the material, reinforcing the main ideas. Microscopic 

imaging connects the ideas to reality and provides a sense of accurate scale and 

complexity.  
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Figure 1. Wireframe of digital interactive. 
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Figure 2. Storyboard of Unity scenes. 
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The target audience for the interactive was average adults, and was therefore 

written in plain, conversational language suitable for a seventh grade level reader 

(Flesch-Kincaid grade level of 7.6). In accordance with cognitive load theory, 

information was broken down into small units to avoid exceeding the limits of working 

memory. The pace was entirely user-defined. Text and diagrams are all presented 

together to aid comprehension by utilizing both visual and verbal channels. Attention is 

directed to the most important parts through use of insets, judicious labels, and 

highlighting; for example, in Unity scene 1 (Appendix A, pg.34) the labels are next to the 

corresponding portion of the scene and change color in sync with the phases of neuronal 

signaling.  

 

B. Data Collection 

This study utilizes an online pre-/post-test research design. Subjects were 

recruited from the general adult population: a truly unique feature for implicit theory 

research. Previous studies have focused primarily on “samples of mostly White, 

Midwestern grade students or on college students attending elite universities,” (Yeager, 

Trzesniewski, Tirri, Nokelainen, & Dweck, 2011).  

The research was conducted in two phases: a pilot followed by full deployment. 

Nineteen subjects met the inclusion criteria for the pilot. Pilot data were used in a sample 

size calculation for the full deployment. Of the two research questions, examining a 

change in implicit theory required more participants to reach appropriate statistical 

strength and therefore it determined the necessary sample size. On a scale from one to 

six, the standard deviation for the change in implicit theory score was 0.79, with a mean 
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change of 0.49; therefore, the full study would require 41 participants to reach statistical 

strength.  

Subjects were recruited through Amazon’s Mechanical Turk. Mechanical Turk is 

a crowdsourcing platform, an online job market for small digital tasks. For researchers 

doing online experiments, it provides access to a large, stable, and diverse group of adults 

willing to perform tasks, such as participate in research studies. According to their 

website, Mechanical Turk workers comprise a group of over 500,000 people from over 

190 countries (though a 2012 study by Mason and Suri found the majority are in the 

United States or India, the only two countries with the option of direct deposit payment), 

who are able to sit in their living rooms and make money doing the tasks that they choose 

on their own schedule.  

The Principal Investigator created a requester account on Mechanical Turk and 

posted the task with a brief summary of the research study and remuneration, including 

the qualification that workers be 18 years or older (recruitment materials in Appendix B). 

Though it was impossible to guarantee that no minors employed deceit to participate, 

previous work has found 93% of Turk workers to be consistent when they self-report age 

(Rand, 2012).   

Though Mechanical Turk is internationally accessible, use of the site did limit 

potential subjects to those able to read English. Enrolling opened the informed consent 

(full text in Appendix C), a link to the experiment, and a box to enter a code that was 

supplied upon experiment completion.  

The pre- and post-tests were conducted within Qualtrics. Using Qualtrics ensured 

that all data was stored exclusively on secure servers; Amazon never had a copy of it. 
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The pre-test included broad non-identifying demographic questions, standard test 

questions to assess baseline knowledge of neuroplasticity, Likert-style scales to assess 

baseline implicit theories of intelligence, and a “reverse Turing test” question designed to 

prevent spam bots from contaminating the data. Though CAPTCHA questions would 

have fulfilled the same role, they do not work well with screen readers and therefore 

would have limited accessibility. 

Within the pre-test, factual understanding of neuroplasticity was assessed with 

eight multiple-choice questions. Implicit theories were assessed through their level of 

agreement with three statements, rated along a Likert-style scale from 1-6. The 

statements, taken from a study by Dweck et al. in 1995, read: 

1) You have a certain amount of intelligence and you really can’t do much to 
change it. 

2) Your intelligence is something about you that you can’t really change that 
much. 

3) You can learn new things, but you can’t really change your basic 
intelligence. 
 

They found the test, though short, to be internally reliable and to exhibit test/re-test 

reliability. Statements of an increment theory are not included because participants 

gravitate toward increment ideas even if they actually hold entity beliefs. Finally, 

disagreement with the entity statements above is equivalent to agreeing with an increment 

statement (full pre- and post-test in Appendix D). 

Once the pre-test was complete, users were redirected to the digital interactive 

(described in detail below). After reviewing the interactive, they were directed back to 

Qualtrics for the post-test. The post-test repeated the same standard test questions and 

Likert-style scales to assess any changes in factual understanding of neuroplasticity or 

change in implicit theory of intelligence. After finishing the post-test, participants were 
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thanked for participating and given a code. The code was entered into the original 

Mechanical Turk page (still open on their machines), allowing them to submit the work 

through Mechanical Turk.  

Submitted Mechanical Turk jobs then went to the requestor (researcher) for 

review. All participants finished within a reasonable time period, passed the reverse 

Turing test, and supplied a correct code and, therefore, were compensated $2.00 for their 

time. This is appropriate remuneration for online work done: the reservation wage for 

Mechanical Turk, below which participants won’t accept jobs, is $1.38/hour (Mason & 

Suri, 2012).  

There was minimal risk in study participation. Subjects were entirely anonymous, 

known only through Mechanical Turk by a non-identifiable worker ID number. Though 

being tested can be a stressor, it was made clear that the research did not judge the 

subjects’ performance, but rather employed them to judge the efficacy of the interactive 

as a teaching tool. 
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IV. RESULTS 

A. Demographics 

Based on the sample size estimate from the pilot data, the full study was opened 

to 50 participants. In addition to those 50, 18 started but did not complete the study and 

were excluded from analysis. Of the 50, three were excluded because, though supposedly 

different individuals, the data were from the same IP address with the same geographic 

area at concurrent times. A total of 47 respondents were included in data analysis, none 

of whom overlapped with the 19 from the pilot. 

Those 47 respondents were mainly from the United States (64%) and India (32%) 

with one from North America (2%) and one from Scotland (2%, Figure 3). They ranged 

in age from 18 to over 55 years, with the largest demographic being 26-35 years old 

(47%) followed by 18-25 years (28%), 46-55 years (15%), 36-45 years (9%) and one 

individual 55 years or older (2%, Figure 4). Just over half the participants were male 

(55%), the rest female (45%, Figure 5). “Neither category” and “Prefer not to say” were 

available options, but were not selected by any participants. It was a well-educated group; 

2% had only completed some high school. Eleven percent had received their high school 

diploma. Another 11% had completed some college. The largest group, 38%, had 

received their college diploma; 19% had some graduate or professional school. The same 

percentage, 19%, had received their graduate or professional diplomas (Figure 6). 
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Figure 3. Self-reported country of residence. 64% from the USA, 32% from India, 2% 

from Scotland, and 2% saying only N. America. 
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Figure 4. Age distribution. 28% were 18-25 years old, 47% were 26-35 years, 9% were 

36-45 years, 15% were 46-55 years, and 2% were 55 years or older.  
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Figure 5. Gender distribution. 55% of participants were male, 45% female. “Neither 

category” and “prefer not to say” were both available options, but were not selected by 

any participants. 
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Figure 6. Education level. 2% had completed some high school, 11% their high school 

diploma or GED, 11% some college, 38% their college diploma, 19% some graduate or 

professional school, and 19% had received their graduate or professional degree. 
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B. Effect on Factual Understanding  

The effect of the interactive on the participants’ factual understanding of 

neuroplasticity was assessed with an eight-question didactic test before and after the 

intervention. The responses were scored and averaged. Out of a highest possible score of 

eight, the pre-test average was 4.1, 51% correct. The post-test improved to an average of 

6.53, 82% correct (Figure 7). The average change was therefore 2.42 with a standard 

deviation of 1.58. The result of a paired T-test was a P-value of <0.0001, meaning the 

data is extremely statistically significant with 99.9% likelihood the change was not due to 

chance. Not only is the change significant, but effect size (Cohen’s d) was calculated to 

be 1.53. The general guidelines for interpretation state a medium size effect to be d = 0.5 

and large to be d = 0.8. It means that 93% of the post-test scores are higher than the mean 

of the pre-test scores.  
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Figure 7. Change in didactic test scores (p<0.0001). The pretest average was 4.1/8, 51% 

correct. The post-test average was 6.53/8, 82% correct. Error bars denote standard error. 
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C. Effect on Implicit Theories 

The effect on participants’ implicit theories was assessed with a 6-point Likert-

style scale. A strong entity theory will score an average of one, revealing a belief that 

intelligence is a static attribute. A strong increment theory will score an average of six, 

revealing a belief that intelligence is a dynamic attribute. The pre-test average was 3.77 

and the post-test average was 4.32 (Figure 8). The average change was therefore 0.55 

with a standard deviation of 0.86. The result of a paired T-test was a P-value of <0.0001, 

meaning the change is extremely statistically significant, as with the change in didactic 

scores. The effect size was calculated to be d = 0.64, generally considered to be of 

medium strength. This means that 73% of the post-test scores are higher than the mean of 

the pre-test scores. For comparison within the field, an eight-week intervention teaching 

middle school students about how the brain changes, assessed using the same implicit 

theory scoring system, measured an effect size of d = 0.66 (Blackwell et al., 2007). 
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Figure 8. Change in implicit theory scores (p<0.0001). Higher scores correspond to a 

stronger increment theory, lower scores correspond to a stronger entity theory. The 

pretest average was 3.77 and the post-test average was 4.33. Error bars denote standard 

error.  
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V. CONCLUSION AND DISCUSSION 

A. Conclusion 

As a result of the analysis, there is strong support for both hypotheses. Working 

through the interactive achieved traditional learning outcomes; participants in the study 

learned the material. It also achieved formative learning outcomes. The implicit theories 

of the participants’ were affected, leading to a stronger increment theory of intelligence.  

 

B. Discussion and Future Directions 

The implication of this study is that knowledge affects our belief systems. This 

study has shown that visualizations of neuroplasticity not only increased a user’s 

understanding of the science, but also strengthened an increment theory of intelligence. 

As discussed in the introduction, implicit theories have profound implications on 

behavior. Individuals with an increment theory are less punitive (Dweck et al., 1993) than 

entity theorists. They are more likely to cope well after failure (Dweck et al., 1995) and 

are less threatened by the potential for future failure (Mangels, et al., 2006). They are less 

likely to seek revenge, more likely to negotiate (Yeager, et al., 2011), more likely to seek 

out challenging situations, and even perform better in serious gaming (Lee et al., 2012). 

It is important to note that the interactive module did not teach that intelligence is 

malleable. Beliefs about the nature of intelligence and understanding the mechanics of 

neuroplasticity are not synonymous. Yet this study demonstrates that understanding the 

mechanics strengthens the belief that intelligence is malleable.  

Previous interventions with students have, by strengthening increment theories of 

intelligence, observed improved GPAs and increased desire to learn (Aronson et al., 
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2002; Dweck et al., 1995). GPA provides a convenient measure for behavior change in 

students, but future work is needed to develop a comparable measure for adults. Other 

limitations of the study include the limits of the demographics; though a diverse group, 

the population was well-educated and almost exclusively from two countries. It is not 

known what the effect of the interactive module would be on a group of other 

nationalities or on a group with less education.  

The next step in future work would be to study the longevity of the change 

observed. If retested later, how much information will participants remember? How will 

their implicit theory of intelligence have changed? There is opportunity to examine the 

behavioral implications in adults after working through the module as well as to compare 

the visually-oriented module to a text-driven article version of the same information. A 

sub-group analysis of this study also implies the potential for cultural differences in 

implicit theories. Though the group average change for implicit theory scores was 0.55, 

the American average change was 0.45 whereas the Indian average change was 0.8. More 

participants would be needed for this to have statistical significance (p = 0.2186). 

The study also opens the question to the relationship of other scientific knowledge 

to our belief systems and behavior. There likely is a relationship between knowing 

muscle physiology and exercise, or between knowing ecology and recycling, but might 

there also be a relationship between understanding the carbon cycle and beliefs on 

mortality and permanence, or perhaps between epigenetic modifications and self-

efficacy? There is rich territory for future investigation to utilize the power of 

visualizations to not only instruct but also influence. 

26 
 



CITED LITERATURE  

Allen, L. K., Bhattacharyya, S., & Wilson, T. D. (2014). Development of an interactive 
anatomical three-dimensional eye model. Anatomical Sciences Education, 
doi:10.1002/ase.1487 [doi]s 

Aronson, J., Fried, C. B., & Good, C. (2002). Reducing the effects of stereotype threat on 
african american college students by shaping theories of intelligence. Journal of 
Experimental Social Psychology, 38(2), 113-125. 
doi:http://dx.doi.org/10.1006/jesp.2001.1491 

Batthish, M., Bassilious, E., Schneider, R., Feldman, B. M., Hyman, A., & Tse, S. M. 
(2013). A unique, interactive and web-based pediatric rheumatology teaching 
module: Residents' perceptions. Pediatric Rheumatology Online Journal, 11(1), 
22-0096-11-22. doi:10.1186/1546-0096-11-22 [doi] 

Blackwell, L. S., Trzesniewski, K. H., & Dweck, C. S. (2007). Implicit theories of 
intelligence predict achievement across an adolescent transition: A longitudinal 
study and an intervention. Child Development, 78(1), 246-263. 
doi:http://dx.doi.org/10.1111/j.1467-8624.2007.00995.x 

Bruel-Jungerman, E., Davis, S., & Laroche, S. (2007). Brain plasticity mechanisms and 
memory: A party of four. The Neuroscientist : A Review Journal Bringing 
Neurobiology, Neurology and Psychiatry, 13(5), 492-505. doi:13/5/492 [pii] 

Chandler, M. A. (2012, January 15). In schools, self-esteem boosting is losing favor to 
rigor, finer-tuned praise. The Washington Post. Retrieved from 
http://www.washingtonpost.com/local/education/in-schools-self-esteem-boosting-
is-losing-favor-to-rigor-finer-tuned-praise/2012/01/11/gIQAXFnF1P_story.html 

Colman, A. (2008). A dictionary of psychology. Retrieved September 29, 2014, from 
http://www.oxfordreference.com/view/10.1093/acref/9780199534067.001.0001/a
cref-9780199534067 

Da Fonseca, D., Cury, F., Bailly, D., & Rufo, M. (2004). Role of the implicit theories of 
intelligence in learning situations. [Role des theories implicites de l'intelligence 
chez les eleves en situation d'apprentissage] L'Encephale, 30(5), 456-463. 
doi:MDOI-ENC-10-2004-30-5-0013-7006-101019-ART5 [pii] 

Dweck, C. S. (2008). Can personality be changed? the role of beliefs in personality and 
change. Current Directions in Psychological Science, 17(6), 391-394. 
doi:http://dx.doi.org/10.1111/j.1467-8721.2008.00612.x 

Dweck, C. S., Chiu, C., & Hong, Y. (1995). Implicit theories and their role in judgments 
and reactions: A world from two perspectives. Psychological Inquiry, 6(4), 267-
285. doi:http://dx.doi.org/10.1207/s15327965pli0604_1 

27 
 

http://dx.doi.org/10.1006/jesp.2001.1491
http://dx.doi.org/10.1111/j.1467-8624.2007.00995.x
http://www.oxfordreference.com/view/10.1093/acref/9780199534067.001.0001/acref-9780199534067
http://www.oxfordreference.com/view/10.1093/acref/9780199534067.001.0001/acref-9780199534067
http://dx.doi.org/10.1111/j.1467-8721.2008.00612.x
http://dx.doi.org/10.1207/s15327965pli0604_1


Dweck, C. S., Hong, Y., & Chiu, C. (1993). Implicit theories: Individual differences in 
the likelihood and meaning of dispositional inference. Personality and Social 
Psychology Bulletin, 19(5), 644-656. 
doi:http://dx.doi.org/10.1177/0146167293195015 

George, P. P., Papachristou, N., Belisario, J. M., Wang, W., Wark, P. A., Cotic, Z., et al. 
(2014). Online eLearning for undergraduates in health professions: A systematic 
review of the impact on knowledge, skills, attitudes and satisfaction. Journal of 
Global Health, 4(1), 010406. doi:10.7189/jogh.04.010406 [doi] 

Hoyek, N., Collet, C., Di Rienzo, F., De Almeida, M., & Guillot, A. (2014). 
Effectiveness of three-dimensional digital animation in teaching human anatomy 
in an authentic classroom context. Anatomical Sciences Education, , 1-1-8.  

Johnston, B., Boyle, L., MacArthur, E., & Manion, B. F. (2013). The role of technology 
and digital gaming in nurse education. Nursing Standard (Royal College of 
Nursing (Great Britain) : 1987), 27(28), 35-38. 
doi:10.7748/ns2013.03.27.28.35.s9612 [doi] 

Kammrath, L. K., & Dweck, C. (2006). Voicing conflict: Preferred conflict strategies 
among incremental and entity theorists. Personality and Social Psychology 
Bulletin, 32(11), 1497-1508. doi:http://dx.doi.org/10.1177/0146167206291476 

Khalil, M. K., Paas, F., Johnson, T. E., & Payer, A. F. (2005). Design of interactive and 
dynamic anatomical visualizations: The implication of cognitive load theory.The 
Anatomical Record, 286B, 15-20.  

Lee, Y. H., Heeter, C., Magerko, B., & Medler, B. (2012). Gaming mindsets: Implicit 
theories in serious game learning. Cyberpsychology, Behavior and Social 
Networking, 15(4), 190-194. doi:10.1089/cyber.2011.0328; 
10.1089/cyber.2011.0328 

Li, T. M., Chau, M., Wong, P. W., Lai, E. S., & Yip, P. S. (2013). Evaluation of a web-
based social network electronic game in enhancing mental health literacy for 
young people. Journal of Medical Internet Research, 15(5), e80. 
doi:10.2196/jmir.2316 [doi] 

Liu, X., Ramirez, S., Pang, P. T., Puryear, C. B., Govindarajan, A., Deisseroth, K., et al. 
(2012). Optogenetic stimulation of a hippocampal engram activates fear memory 
recall. Nature, 484(7394), 381-385. doi:10.1038/nature11028 [doi] 

Mangels, J. A., Butterfield, B., Lamb, J., Good, C., & Dweck, C. S. (2006). Why do 
beliefs about intelligence influence learning success? A social cognitive 
neuroscience model. Social Cognitive and Affective Neuroscience, 1(2), 75-86. 
doi:10.1093/scan/nsl013 

Marbach-Ad, G., Rotbain, Y., & Stavy, R. (2008). Using computer animation and 
illustration activities to improve high school students' achievement in molecular 

28 
 

http://dx.doi.org/10.1177/0146167293195015
http://dx.doi.org/10.1177/0146167206291476


genetics. Journal of Research in Science Teaching, 45(3), 273-292. 
doi:http://dx.doi.org/10.1002/tea.20222 

Mason, W., & Suri, S. (2012). Conducting behavioral research on Amazon’s mechanical 
turk. Behavior Research Methods, 44(1), 1-23.  

Mir, M., Kim, T., Majumder, A., Xiang, M., Wang, R., Liu, S. C., et al. (2014). Label-
free characterization of emerging human neuronal networks. Scientific Reports, 4, 
10.1038/srep04434. doi:10.1038/srep04434 [doi] 

Rand, D. G. (2012). The promise of mechanical turk: How online labor markets can help 
theorists run behavioral experiments. Journal of Theoretical Biology,299(0), 172-
179. doi:http://dx.doi.org/10.1016/j.jtbi.2011.03.004 

Ratey, J. J., & Hagerman, E. (2008). Spark: The revolutionary new science of exercise 
and the brain. New York: Little, Brown and Company. 

Ross, M. (1989). Relation of implicit theories to the construction of personal histories. 
Psychological Review, 96(2), 341-357. doi:http://dx.doi.org/10.1037/0033-
295X.96.2.341 

Tse, D., Langston, R. F., Kakeyama, M., Bethus, I., Spooner, P. A., Wood, E. R., et al. 
(2007). Schemas and memory consolidation. Science, 316(5821), 76-82. 
doi:10.1126/science.1135935 

White, E. J., Hutka, S. A., Williams, L. J., & Moreno, S. (2013). Learning, neural 
plasticity and sensitive periods: Implications for language acquisition, music 
training and transfer across the lifespan. Frontiers in Systems Neuroscience, 7, 90. 
doi:10.3389/fnsys.2013.00090 

Yeager, D. S., Trzesniewski, K. H., Tirri, K., Nokelainen, P., & Dweck, C. S. (2011). 
Adolescents' implicit theories predict desire for vengeance after peer conflicts: 
Correlational and experimental evidence. Developmental Psychology, 47(4), 
1090-1107. doi:10.1037/a0023769; 10.1037/a0023769 

  

29 
 

http://dx.doi.org/10.1002/tea.20222
http://dx.doi.org/10.1016/j.jtbi.2011.03.004
http://dx.doi.org/10.1037/0033-295X.96.2.341
http://dx.doi.org/10.1037/0033-295X.96.2.341


APPENDICES 

Appendix A: Digital Interactive 

 

30 
 



31 
 



32 
 



33 
 



34 
 



35 
 



36 
 



37 
 



38 
 



39 
 



40 
 



41 
 



42 
 



43 
 



44 
 



45 
 



Appendix B: Recruitment Script for Mechanical Turk 
 
Below are the fields of data to create a job listing on Mechanical Turk: 
 
Title: Research survey to test eLearning module about the brain 
Description: A research study including a 12 questions pre-test, a 15 minute eLearning 

module about the brain, followed by retaking the 12 question test. Must be 18 
years or older. 

Keywords: research, survey, brain 
Reward per assignment: $2.00 
Number of assignments: 20 (for pilot), 450 (maximum for full deployment) 
Time allotted per assignment: 4 hours (though it is expected to only take 45 minutes) 
HIT expires in: 21 days (the study will be open for either 21 days or until all the desired 

number of participants have participated, whichever comes sooner). 
Auto-approve and pay workers in: 24 hours 
Worker qualifications: 90% approval rate 

46 
 



Appendix C: Informed Consent Document 
University of Illinois at Chicago 

Research Information and Consent for Participation in Social Behavioral Research 
Formative Learning: the Effects of Understanding Neuroplasticity on Implicit 

Theories of Intelligence 
 

You are being asked to participate in a research study.  Researchers are required to 
provide a consent form such as this one to tell you about the research, to explain that 
taking part is voluntary, to describe the risks and benefits of participation, and to help you 
to make an informed decision.  You should feel free to ask the researchers any questions 
you may have. 
 
Principal Investigator:  
Meredith Osborn, MS candidate 
Biomedical Visualization at the University of Illinois at Chicago 
1919 W Taylor St., Chicago, IL 60612 
mosbor6@uic.edu 

 
Why am I being asked?     
 
You are being asked to be a subject in a research study to test the effectiveness of a short 
learning module about the brain. 
 
You have been asked to participate in the research because you’re an adult over 18 years 
old. 
 
Your participation in this research is voluntary.  Your decision whether or not to 
participate will not affect your current or future dealings with the University of Illinois at 
Chicago.  If you decide to participate, you are free to withdraw at any time without 
affecting that relationship.  
 
Approximately 470 subjects may be involved in this research at UIC.  
 
What is the purpose of this research?    
 
This research will test the effectiveness of a learning module teaching about the brain.  
 
What procedures are involved?    
 
This research will be performed as an online survey. It will take no more than 45 minutes 
to complete. 
 
You will answer 4 demographic questions, take a 12-question pre-test, read through the 
module, and retake the test. 
  

 
What are the potential risks and discomforts? 

47 
 



 
To the best of our knowledge, the things you will be doing have no more risk of harm 
than you would experience in everyday life 
 
Are there benefits to taking part in the research?   
 
You may directly benefit, but no benefits are guaranteed. Benefits would include learning 
about the brain and a shift in beliefs about intelligence. 
 
What other options are there? 
 
You have the option to not participate in this study.  
 
What about privacy and confidentiality? 
 
Work through Mechanical Turk is anonymous to the requestor. No identifying 
information will be collected from you.  
 
Should you choose to contact the researcher, you will no longer be anonymous. In this 
situation, information about you will only be disclosed to others with your written 
permission, or if necessary to protect your rights or welfare (for example, if you are 
injured and need emergency care or when the UIC Office for the Protection of Research 
Subjects monitors the research or consent process) or if required by law. 
 
A possible risk of the research is that your participation in the research or information 
about you might become known to individuals outside the research. Though no 
information collected is identifying, it will be stored on secure servers and password-
protected computers. 
 
When the results of the research are published or discussed in conferences, no 
information will be included that would reveal your identity.  
 
What are the costs for participating in this research?    
 
There are no costs to you for participating in this research.  

 
Will I be reimbursed for any of my expenses or paid for my participation in this 
research? 
 
You will receive $2.00 through Mechanical Turk for completion of the experiment. Your 
work will be reviewed and paid for within 24 hours of completion. 
 
 
Can I withdraw or be removed from the study?  
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If you decide to participate, you are free to withdraw your consent and discontinue 
participation at any time.  
 
 
Who should I contact if I have questions?  
 
Contact the researchers Meredith Osborn at email address: mosbor6@uic.edu or John 
Daugherty at (312) 996-4975. 

• if you have any questions about this study or your part in it 
• if you have questions, concerns or complaints about the research. 

 
What are my rights as a research subject? 
  
If you feel you have not been treated according to the descriptions in this form, or if you 
have any questions about your rights as a research subject, including questions, concerns, 
complaints, or to offer input, you may call the Office for the Protection of Research 
Subjects (OPRS) at 312-996-1711 or 1-866-789-6215 (toll-free) or e-mail OPRS at 
uicirb@uic.edu. 
 
Clicking to begin the survey will serve as your consent:  
 
I have read (or someone has read to me) the above information. I have been given an 
opportunity to ask questions (via email or phone) and my questions have been answered 
to my satisfaction. I agree to participate in this research. I have the opportunity to make a 
copy of this form for my records. 
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Appendix D: Questionnaires 

Pre-test: 
(Demographic Information) 
Let’s start with the basics: 
1) What country do you live in? [text box for answer] 
2) How old are you?  ☐18-25 years  ☐26-35 years ☐36-45 years ☐46-55 years ☐55+ years 
3) What is your gender? ☐ Male ☐ Female ☐ Neither category ☐ Prefer not to say 
4) How much school have you finished? ☐ some high school ☐ high school diploma or 

GED  ☐ some college ☐ college diploma ☐ some graduate or professional school 
☐ graduate or professional diploma 

 
(Didactic Test Questions) 
Before working through the module, we’d like to know how much you already know 

about the brain. There are right and wrong answers, but don’t worry too much 
about it or spend time searching the web for the answer. This is just to see what 
you know off the top of your head.  (Hint: neurons are brain cells.) 

5) Do neurons ever touch each other? ☐ Yes ☐ No 
6) What is a synapse? ☐ The center of a neuron where it makes decisions ☐ The place 

where two neurons communicate with each other ☐ A chemical messenger used 
by neurons ☐ A supporting cell that protects neurons 

7) What sentence best describes memories? ☐ Memories are kept in a specific part of the 
brain ☐ Memories are only in our mind, there aren’t any physical changes 
involved ☐ Memories are stored in the spinal cord and brain stem as reticulated 
pathways ☐ Memories are a network of connectivity between the neurons active 
during the original experience 

8) The molecule on the surface of a neuron that receives signals is called: ☐ a receptor  
 ☐ a receiver ☐ an electrode ☐ a neurolabel 
9) The molecules from question #8 – does each neuron have a set amount or can the brain 

add and remove them as needed? ☐ Each cell has a defined amount 
 ☐ The brain can add and remove them  
10) Does the number of synapses in the brain change? ☐ Yes ☐ No 
11) What statement best describes neuron growth? ☐ New neurons only grow during 

infancy. ☐ New neurons only growth during critical periods of development 
throughout life. ☐ New neurons grow every day no matter your age. ☐ New 
neurons only grow during adulthood.  

12) Because of schema formation, it is true to say: ☐ The brain is like a muscle that gets 
stronger with practice. ☐ The brain is like a CEO controlling the other organs.  
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 ☐ The brain is like a dictionary because it weighs 3 lbs and is full of information. 
☐ The brain is like a wind-up toy with a specific task it is good at. 

 
(Implicit Theory Questionnaire) 
These questions are will help us understand your beliefs about intelligence. There are no 

right or wrong answers. We are interested in your ideas. Just tell us how much 
you agree or disagree with the three statements.  

13) You have a certain amount of intelligence and you can’t do much to change it.  
 ☐ Strongly Agree ☐ Agree ☐ Mostly Agree ☐ Mostly Disagree ☐ Disagree  
 ☐ Strongly Disagree 
14) Your intelligence is something about you that you can’t really change that much. 
 ☐ Strongly Agree ☐ Agree ☐ Mostly Agree ☐ Mostly Disagree ☐ Disagree  
 ☐ Strongly Disagree 
15) You can learn new things, but you can’t really change your basic intelligence. 
 ☐ Strongly Agree ☐ Agree ☐ Mostly Agree ☐ Mostly Disagree ☐ Disagree  
 ☐ Strongly Disagree 
 
(Reverse Turing Test) 
This question has nothing to do with the research, we just want to make sure you aren’t a 

spambot. (Note: if you get this wrong, or complete the experiment faster than 
humanly possible, we’ll assume you are a robot and will reject your work.)  

16) What is 2+2? [empty text box] 
 
Thanks! You’re all finished with the pre-test, next you’ll work through the learning 

module. 
 
Post-test: 

Wonderful! You’ve finished the module. We’re going to ask you some of the same 
questions to see how effective the module was. Again, these questions are to test 
how good the teaching module was, not to evaluate you.  

(The didactic questions will be repeated)  
 
We’re also curious if there was any change in your beliefs about intelligence. Like 

before, there are no right or wrong answers here. We are just interested in your 
ideas. Tell us how much you agree or disagree with the three statements. 

(The implicit theory questionnaire will be repeated) 
 
Thank you for your time! You’re responses will help us evaluate the effectiveness of the 

learning module both to teach about the brain and to influence beliefs about 
intelligence.  
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Below is the code you need to enter into Mechanical Turk to be paid for your time.  
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Appendix E: Letters of Permission to Reprint Material 
 
Permission to embed link to neuron growth video: 
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Permission to include image of mouse memory: 
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