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Introduction

One can scarcely read stories about education without getting a 
sense that the K-12 education in the United States may be deteriorating 
[1], and that one of the most severe issues is the decline in the 
mathematical performance of young people [2]. Educators struggle 
with how to remedy this situation [3,4], as many simply throw up 
their hands in frustration. Going in a different direction, the authors 
have pioneered the use of research to understand the social issues of 
today as seen by young people [5]. We are so accustomed to reading 
research designed by professionals about topics relevant to education 
and similar ‘worlds of the young’ that we fail to realize that we might 
well learn a great deal by having the young people act as researchers, 
rather than having fully developed professionals do the research. Of 
course, the immediate reaction might be that only a professional 
knows how to ask the right question, use the appropriate scale, and 
interpret the results. Young students might be observed and talked to 
but are not typically considered to be able to do independent research 
about a topic, or if they are, the research is couched in a simplistic 
style deemed appropriate for the not-quite-intellectually-developed 
student researcher.

In a previous set of studies, the authors have begun to work with 
school age students as researchers, with these researchers familiar 
with the process, and using a template which guides them. The 

Review Article 

Empowering Young Researchers through Mind 
Genomics: What Will Third Grade Mathematics Look 
Like in 10 Years?
Ciara Mendoza1, Cledwin Mendoza2, Yehoshua Deitel3, Stephen D. Rappaport4 and Howard R. Moskowitz4*
1Student Researcher, Bronx, NY, USA
2Student Researcher, Bronx NY, USA
3Sifra Digital, Inc., Jerusalem, Israel
4SDR Consulting, Inc., Norwalk, CT, USA
5Mind Genomics Associates, White Plains, NY, USA

*Corresponding author: Howard R. Moskowitz, Mind Genomics Associates, White Plains, NY, USA

Received: February 27, 2023; Accepted: March 06, 2023; Published: March 12, 2023

process is called Mind Genomics, an emerging science of everyday 
life, a science which allows people to create everyday scenarios of what 
reality might be like, and have real people respond to these scenarios 
[5,6]. Mind Genomics began as a branch of mathematical psychology 
[7], but within a decade its ability to uncover how people respond to 
mixtures of ideas or features brought it to the attention of consumer 
researchers at The Wharton School of The University of Pennsylvania. 
The outcome was the migration of the esoteric field of ‘conjoint 
measurement – a basic form of fundamental measurement’ into the 
world of applications of everyday life [8].

The Mind Genomics process proceeds in a step-wise manner, 
using a templated program, along with an artificial intelligence ‘Idea 
Coach’. The process is arranged in a fashion which encourages the 
young researcher, teaching the topic, as well as well as allowing the 
researcher to do the empirical testing of the stimuli, and receive a 
report in real time, and a full analysis with 30 minutes after the end 
of the study.

We present the results of a study designed by the senior author, 
a third-grade student in a local public school in the Bronx, New 
York, USA. It is important to note that when young students are the 
researchers, following a templated approach but at the same time with 
new material, they are experiencing the specifics, the discipline, and 
intellectual excitement and the professional development of a science. 

Abstract

Using a templated Mind Genomics program coupled with artificial intelligence, school age students created an experiment to assess what ordinary 
people think will be the situation of the 3rd grade mathematics class. Artificial intelligence (Idea Coach) enabled the researchers to create four questions 
about the nature of the mathematics class, and for each question to create four answers. A total of 110 respondents of varying ages each evaluated 
systematically created, unique combinations of the answers, with the process enabling the researcher to create individual level equations (models) for 
each respondent, one model for ‘agreement’ based on direct ratings, the second model for ‘engagement’ based on response time. Two clear mind-sets of 
people emerged; MS1 focusing on the predicted technical accoutrements of the 3rd grade math class, MS2 focusing on the predicted education process 
of the 3rd grade math class. The templated Mind Genomics approach opens up a new vista of opportunities for educating students how to think about 
problems, as well as letting the curiosity of students produce insights into their daily lives from topics that are relevant to them.
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Finally, as we proceed into the method, it is important to realize that 
the structured approach embedded in the Mind Genomics process 
ends up producing results worthy of publishing, with such results 
giving information both about how a young person thinks about the 
world, and about the strength of that thinking in the minds of older 
people.

The Mind Genomics process follows a series of steps, from design 
to analysis. Figure 1 shows the process in simple summary. The six 
screen shots show the process from naming the study (Panel A), 
choosing the four questions (Panel B), choosing four answers to a 
question (Panel C), creating a self-profiling questionnaire (Panel D), 
introducing the topic to the respondent (Panel E), and presenting 
the rating question and the rating scale (Panel F). It is important to 
keep in mind that these panels prevent the templated system for Mind 
Genomics, and were completed, without any help, by an eight-year 
third grade student, who had previous experience with setting up 
Mind Genomics studies on the BimiLep platform. No effort was made 
to edit the setup, reflected in the language used by the research for the 
introduction to the topic and the rating scale.

During the three plus decades of the evolution of Mind Genomics, 
a continuing block has been the inability of researchers to think in 
a critical manner, developing questions and answers. Often, with 
practice, the individual becomes facile in developing a ‘story’ from a 
set of questions. The answers to the questions are easy, but it is the 

story, the questions, which are difficult, and often lead the prospective 
research to abandon the effort.

The recent efforts in artificial intelligence have created the 
possibility to develop questions and answers. Artificial intelligence is 
embedded in a query system, Idea Coach, itself now an integral part 
of the BimiLeap platform. Figure 2 shows the use of Idea Coach to 
describe the topic in a special ‘box’ (Panel A), after which the Idea 
Coach returns with up to 30 questions shown in part in Panel B. 
Scrolling down would reveal the additional questions which Idea 
Coach generated. The process can be repeated, either with the same 
text shown Panel A for a number of new questions along with dome 
old questions, or with new text. Panel C and D show the same process. 
The researcher has already selected the four questions. When it comes 
time to create four answers to each question, the researcher can either 
provide her or his answers, or use Idea Coach to suggest 15 answers to 
the question. The researcher can select several and return for another 
15 answers.

The importance of an Idea Coach for young researchers cannot 
be overstated. The Idea Coach does exactly what it says it does, 
namely coaches the student in the process. Observations with the 
young students as researchers reveals that they begin by relying on 
the Idea Coach, but at some point, they ‘get it’, and begin to combine 
Idea Coach with their own ideas, and then stop using Idea Coach for 
certain types of issues and questions.

Figure 1: The template for the BimiLeap project set up.
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Explicating the Mind Genomics Process: Case History 
of Mathematics I the 3rd grade

The best way to understand the emerging science of Mind 
Genomics is through case histories, studies of topics that might 
well be disregarded as being overly simple, almost trivial. Yet 
properly designed and executed, the studies reveal both the mind 
of the researcher and the mind of the respondent who is testing 
the stimuli developed by the researcher. Our study of the future 
of mathematics in the third grade is just such as example. It tells 
us the topics of interest to a young researcher, herself in the 3rd 
grade, and the reactions of people to her ideas. The actual study 
can be found in www.BimiLeap.com. The study itself can be easily 
replicated or modified, quickly and inexpensively. We present the 
results from one such study, designed in December 2022, run with 
five respondents, that part taking about 90 minutes, and then the 
completion of the study in February 2023, that part taking about 
30 minutes.

Step 1

Give the study a name. Figure 1, panel A, shows the first screenshot, 
instructing the respondent to choose a name, select a language for the 
respondent-facing screens, and then agree not to ask for personal 
information that could identify the respondent. For those cases when 
the respondent is to be identified, there is an open-ended question 
where the respondent can provide identifying information, but only at 
the discretion of the respondent.

Step 2: Create/Select four Questions

Figure 1, panel B, shows the next screenshot, instructing the 
researcher to provide questions which tell a story. At first, researchers 
reporting having a difficult time at first. It is at this stage that the researcher 
becomes nervous. Figure 2 screens A and B show the Idea Coach, which 
enables the researcher to type in a description of the study (Figure 2, 
Panel A, top). Idea Coach returns with up to 30 questions, and does so 
several times if desired. The researcher can use the same description or a 

Figure 2: The Idea Coach process to develop questions based on the description of a topic (Panels A and B), and to develop answers based upon a specific question (Panels C and D).

http://www.BimiLeap.com
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different description each time in Figure 2, Panel A. Each time, whether 
the description is repeated is changed, Idea Coach will come back with a 
new set of 30 questions, some the same, many different. Figure 2, Panel B 
shows an example of the questions as returned from one run of the Idea 
Coach. Table 1 shows the four questions finally selected.

Step 3

Select/create four answers to each question. Creating answers to 
questions appears to be easier for researchers than creating questions, 
perhaps because of our education which stresses answering direct 
questions. Figure 1C shows the BimiLeap screen requesting four 
answers from question C: What will be used for 3rd grade math in 10 
years? The researcher can either create four answers or use the Idea 
Coach to create answers that can be edited (see Figure 2C and 2D). The 
Idea Coach has been set up to use artificial intelligence to provide sets 
of 15 answers to each question. The Idea Coach can be interrogated 
several times to get a sense of the variety of answers available for 
the question. Thus the Idea Coach serves both as a facilitator of the 
research process, and as a way to help the researcher learn the topic by 
the traditional question/answer process, the Socratic method.

Step 4: Create a Set of Self-profiling Questions

The questions deal with WHO the respondent is (demographics), 
what the respondent DOES (behaviors), what the respondent 
BELIEVES (attitudes). The BimiLeap program is automatically 
set to ask for the respondent’s gender and age, leaving eight open 
questions, each with eight possible answers. Figure 1D shows the only 
classification question inserted by the researcher ‘Do you think the 3rd 
grade is going to change in 10 years?

Step 5: Create an Orientation Statement Which Introduces 
the Respondent to the Topic (Figure 1E)

The objective of Mind Genomics is to determine how the different 
elements or answers ‘drive’ the response. The standard strategy is to 
provide the respondents with as little up-front information as possible, 
indeed simply introducing the topic. For other uses, such as the law 
(REF), the respondent introduction might be far more detailed 
because of the necessity of ensuring that the background to the case is 
understood. That is not the issue for most research, however.

Step 6: Create a Rating Scale (Figure 1F)

The rating scale is typically a short category or Likert scale, as 
many as nine answers, but shorter scales as well, comprising seven 
or five scales. Other scales with other points can be used, but for the 
most part author HRM, with thirty years of experience, has found that 
shorter scales are easier for the respondent to use, and often can be 
labelled, as done here. Note once again that the labelling was done by 
the elementary school-age researcher, without any guidance. Thus the 
monotonicity of the scale is maintained, but the language is that of a 
third grade student.

Step 7: Instruct the Respondent to Answer an Open-ended 
Question

The open-ended question is ‘how will the 3rd grade be different in 
10 years?’. The Appendix shows these answers.

At this point, the study is set up. Table 2 shows the information 
for the study.

Question A: What devices will be used in 3rd grade classrooms in 10 years?

A1 Laptops

A2 Chromebooks

A3 iPads

A4 Virtual reality headsets

Question B: How will the education for 3rd grade change in 10 years?

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging.

B2 The education for 3rd grade will change in 10 years by becoming more personalized.

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced.

B4 The education for 3rd grade will change in 10 years by becoming more project based.

Question C: What will be used for 3rd grade math in 10 years?

C1 Online math programs

C2 Apps that teach math

C3 Math board games

C4 Math workbooks

Question D: What new challenges will 3rd graders face in 10 years?

D1 Increasing academic demands

D2 Social pressures to conform and fit in

D3 Exploring new interests and hobbies

D4 Persisting through challenges

Table 1: The four questions and the four answers (elements) for each question. The questions and their answers were generated by the Idea Coach using artificial intelligence.
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Step 8: Create 24 Unique Vignettes for Each Respondent, 
Using a Permutable Experimental Design

Mind Genomics works by presenting respondent with 
combinations of messages, so-called vignettes, comprising a 
minimum of two elements, and a maximum of four elements. Each 
question contributes at most one element (answer) to a vignette, but 
often contributes no element to the vignette. The composition of each 
vignette is dictated by an underlying experimental design, called 
a permutable design [9]. The design specifies the 24 combinations 
of elements, each element appearing exactly five times and absent 
19 times. Each question contributes to 20 vignettes and does not 
contribute to four vignettes. Finally, the design is structured so that 
all 16 elements appear independently in a statistical sense, allowing 
the researcher (or, in our case, the BimiLeap program) to create an 
equation for each respondent, using statistical methods.

Each respondent evaluates a different set of 24 combinations, 
with a similar mathematical structure, but the composition of each 
of the vignettes for a respondent differs from the composition of 
each vignette, from every other respondent. In effect, the permutable 
design ends up with a similar, powerful design for each respondent, 
with the specific vignettes differing from one respondent. A good 
analogy is the MRI tool used in medicine, which takes pictures of the 
same tissue, the pictures from different angles. Each picture taken 
from a unique angle corresponds to a respondent. Eventually, one will 
be able to put the data together by regression to come up with a single 
coherent picture of the mind of the respondent.

Step 9: Execute the Study by Sending Out an Invitation to 
Respondents

The email invitation contains the link to the study. Figure 3 shows 
a screen shot of the page allowing the researcher to select the source of 
the respondent. Another set of screens allows the researcher to select 
the number of respondents, as well as the general qualifications of 
the respondents (country, gender, age, education, income, number of 
children). For more specific respondent qualifications the researcher 
has to go to a specialist panel provider.

Step 10: Acquire the Rating and the Response Time and 
Create a Database for Analysis

Each respondent evaluates 24 vignettes, and for each vignette 
assigns a rating on the 5-point scale. The BimiLeap program also 
records the response time, defined as the number of seconds elapsing 
between the moments that that the vignette appears on the respondent’s 
screen and the moment that the respondent assigns a rating. At that 
point, the screen automatically advances. Figure 4 shows a screen shot 
of the data available to the researcher.

As the respondents proceed to evaluate the 24 vignettes, some 
changes in the criteria may emerge. Figure 5 shows the average rating by 
test position, for the raw rating on the 5-point scale, for the two binary 
transformation (R54=Agree; R12=Disagree), and for the response time. 
As respondents read the vignettes from first to last, they respond more 
quickly, and end up agreeing more with the description. It is for that reason 
that we look at the data across the entire set of 24 vignettes evaluated by a 
respondent. Presumably, the order bias will be dissipating by then.

One of the ongoing complaints of respondents is that they feel 
‘unsure’ that they assigned the ‘right answer.’ At first, hearing that 
respondents want to give the ‘right answer’ may sound encouraging, 
the actuality is that when respondents can intuit the right answer’ 
the researcher may end up with a flawed study, one wherein the 
judgments are driven by the what the respondent feels to be a 
researcher expectation or acceptance. Survey research is filled with 
these types of biases [10], with respondents taking a stand in terms 
of what is the ‘politically correct’ answer, one that would be socially 
acceptable. Fortunately, the Mind Genomics paradigm prevents this 
expectation bias from exerting a strong effect because the vignettes 
comprise mixtures, a ‘blooming, buzzing confusion,’ in the worlds 
of Harvard psychologist Wm James when describing the perceptual 
world of a baby.

Step 11: Prepare the Database for Analysis by Regression 
Modeling

The objective of Mind Genomics is to link the elements in the 
vignette to the rating, and to the response time, respectively. In order 

Study Title How will schools change in 10 years

Identification Number of the study: 12142022n

Date when the study was run: (12/14/2022-02/15/2023)

Number of respondents: 110

Purpose of the study: The study is about how might 3rd grade be like in 10 years and how big or how little the changes will be in 10 years.

Keywords: 3rd grade, students, 10 years

Study info: This study is about what 3rd grade might feel like in 10 years

Preliminary question:
Answers:

Do you think 3rd grade is going to change in 10 years?
1=Yes 2=No

Rating question:
Ratings
 
 
 
 

Is 3rd grade important for students?
1=Not important
2=A little
3=Kinda
4=Important
5=Very important

Table 2: Study information extracted from the set up.
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Figure 3: Respondent ‘sourcing’ page.

Figure 4: Screen shot of the first seven vignettes of participant (respondent) #1, along with the rating, and the measured response time in seconds.
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to do this linking, viz., deconstruct the response to the vignettes into 
the contribution of the different elements, it is important that the data 
be in the correct form for the statistical analysis. The experimental 
design already ensures that the responses to the test stimuli can be 
linked to the 16 individual elements, but the data are not in the correct 
format.

The BimiLeap program creates a file shown in ’90 degree’ rotated 
form in Table 3. The columns are actually rows, and the rows are 
actually columns. In Table 2 the columns correspond to the vignettes, 
the rows correspond to the information about each vignette, Table 
2 shows the first six vignettes evaluated by respondent #1. Each 
respondent generates 24 columns of data. The rows have information 
about the study, the respondent number, the information about the 
respondent obtained from the self-classification (gender, age, feel about 
the 3rd grade in 10 years), then the design of the vignette, expressed 
in elements present/absent (1=present, shaded; 0=absent, unshaded). 
The final set of rows show the response time, the rating, and the binary 
transform of the rating to positive/agree (R54, 5 or 4  100, 1, 2 or 3 
 0) or negative/disagree (R12, 1 or 2  100, 3, 4, or 5  0). A 
vanishingly small random number is added to each binary transformed 
rating, in order that there will be some variation in the binary variable 
when it acts as a dependent variable in the regression analysis.

Step: 12: Create Equations Relating the Elements to the 
Transformed Rating

The key to the analysis is using OLS (ordinary least-squares) 
regression, which deconstructs the transformed binary response to 
the presence/absence of the 16 elements. The equation can be written 

  Vig #1 Vig #2 Vig #3 Vig #4 Vig #5 Vig #6

Panelist 1 1 1 1 1 1

Gender 2 2 2 2 2 2

Age 20 20 20 20 20 20

Question 1 1 1 1 1 1 1

Test Order 1 2 3 4 5 6

A1 1 1 0 0 0 0

A2 0 0 0 1 1 0

A3 0 0 0 0 0 1

A4 0 0 1 0 0 0

B1 0 0 0 0 0 0

B2 0 0 0 0 0 1

B3 0 1 0 0 1 0

B4 1 0 1 0 0 0

C1 1 0 1 0 0 0

C2 0 0 0 0 1 1

C3 0 0 0 0 0 0

C4 0 0 0 1 0 0

D1 0 1 0 0 0 0

D2 0 0 0 1 0 0

D3 0 0 0 0 0 1

D4 0 0 0 0 1 0

Rating 4 5 3 4 3 4

RT (Seconds) 2.7 3.4 2.1 6.8 2.9 3.9

R54 101 100 1 101 0 101

R12 1 0 1 0 1 0

Table 3: Example of the part of the data set. The data set is shown rotated 90 degrees.

Figure 5: Average rating, transformed rating, and response time across the 24 vignettes evaluated by each individual.
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either as

R54=k0 + k1(A1) + k2(A2) ... k16(D4) (abscissa of Figure 5) or as 
R4=k1(A1) + k2(A2) … k16(D4)

The former is estimated with an additive constant, the latter is 
estimated without an additive constant (Figure 6).

By transforming the five points on the Likert Scale to a binary 
scale we enable the user of the data to understand the results of the 
study more quickly. The reality of research is that whereas the Likert 
scale (viz., our 1-5 scale) is easy to create, it is hard to interpret. 
What exactly does a 3.5 mean. Managers who use the research are 

not accustomed to that type of thinking, and instead want a simple 
interpretation. Transforming the scale to a binary scale means that 
when we have a coefficient such as +26 for C3 (math board games, 
total pane) we can say that 26% of the time people will agree that this 
is likely to be the future of the 3rd grade mathematics class in 10 years. 
In contrast, the phrases which have little real meaning, but rather talk 
about challenges (D1-D4) end up generating the lowest coefficients 
for R54, what school will be like. Keep in mind that the respondents 
could not have ‘gamed’ the study

Table 4 shows the coefficients for the model relating R54 (Agree 
this will be the case in 10 years) to the elements. The columns show the 
different subgroups, viz., by gender, by age, and response to Question 
1. Statements about problems (Question D) generated the lowest 
agreement, perhaps because they cannot be visualized.

Step 13: Uncovering Mind-sets for the Granular Topic

A hallmark of Mind Genomics is the focus on the granular topics 
of the everyday, coupled with a search for different mind-sets, defined 
as groups of people who think in specific ways. In statistics, these 
mind-sets are called ‘clusters’ (REF). Clustering is usually reserved for 
bigger topics, especially in consumer research where the focus is on 
a ‘macro-level’ understanding of the differences among people in a 
big domain, such as ‘education in general.’ The notion of clustering 
people into mind-sets for the smaller, granular level issues of every 
day is not typically considered, usually because the effort to do the 
study and the large number of respondents required are prohibitive 
for the small-scale, local issues. The creation of Mind Genomics as 
an inexpensive, DIY (do-it-yourself) process, with rapid turnaround, 
allows Mind Genomics to approach the everyday problems with an 
eye towards how people make decisions, and the possible existence of 
different groups of mind-sets.

Figure 6: Scatterplot of coefficients for the total panel relating transformed binary variable 
R54 to the presence/absence of the 16 elements. The abscissa shows the coefficients 
estimated with an additive constant, the ordinate shows the coefficients for the same data 
estimated without an additive constant.

 
Agree (Binary Variable 54)

Total
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FEM
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A
19x25x

A
26x50x

A
51x83x

Q
1 

C
hange

Q
1 Sam

e

C3 Math board games 26 24 27 30 23 29 23 30

C1 Online math programs 25 25 26 32 25 24 26 25

C2 Apps that teach math 25 22 27 22 26 24 24 26

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 23 25 22 30 22 23 25 21

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 23 25 22 15 24 24 24 19

C4 Math workbooks 23 20 26 26 24 20 24 23

A4 Virtual reality headsets 20 25 18 18 19 24 21 19

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 20 22 18 16 20 20 22 16

B4 The education for 3rd grade will change in 10 years by becoming more project based. 19 22 17 14 17 28 17 22

A1 Laptops 18 23 16 18 19 17 20 16

A2 Chromebooks 18 24 14 17 19 15 18 17

A3 iPads 17 24 12 10 16 21 20 11

D1 Increasing academic demands 16 17 16 0 20 17 17 15

D2 Social pressures to conform and fit in 16 12 19 7 20 14 16 17

D4 Persisting through challenges 16 16 15 -1 20 14 17 14

D3 Exploring new interests and hobbies 13 13 13 5 18 5 15 8

Table 4: The coefficients for the 16 elements for Total Panel, and for each key self-defined subgroup.
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The process of uncovering mind-sets moves away from looking 
at people in terms of WJHO they are, and instead looks at people in 
terms of how they THINK, and more specifically how they think about 
a particular focused situation. Our study on what the mathematics 
class of the 3rd grade will look like typifies one of these granular=level 
examples.

The mathematics is very simple, following these well-accepted 
steps in clustering.

a. Decide what the criterion will be. The criterion here is the 
pattern of values for the 16 coefficients relating the presence/
absence of the element to the positive response R54.

b. For each respondent, create an individual-level model relating 
the respondents rating of 54 to each of the 16 elements. 
The approach is simply regression but this time using only 
the data from one respondent, rather than the data from 
all respondents. We can use the data from one respondent 
because the underlying experimental design was used to 
construct the 24 vignettes evaluated by each respondent. 
Furthermore. We added a vanishingly small random number 
to the transformed rating (R54), whether the transformed 
value was 0 or 100,respectively. The small random number 
ensured that there would be some level of variability in the 
dependent variable, preventing the computer from crashing.

c. The data file which emerges comprises 110 rows, one per 
respondent, and 16 columns, one per element The numbers in 
the rows are the coefficients of the equation for that individual: 
R54=k1(A1) + k2(A2) … k16(D4).

d. The next analysis looks for common patterns across the 110 
respondents, based upon the pattern of the coefficients. This 
analysis, clustering, is purely mathematical in nature. For the 
clustering used here, so-called k-means clustering [11], the 
computer program computed the ‘distance’ between every pair 
of respondents in the group of 110. The measure of distance is 
the quantity (1 – Pearson R) where the Pearson R is the linear 
correlation between two sets of numbers, here the two respondents 
each of whom is defined by 16 coefficients. When the correlation 
is perfectly linear (R=1), the distance is 0 (1 – 1=0). When the 
correlation is perfectly inverse (R=-1), the distance is 2 (1 - - 1=2).

e. The k-means clustering program is purely objective, and 
has no input from the researcher. The program assigns each 
respondent first to one of two exhaustive and non-overlapping 
clusters, then to one of three exhaustive and non-overlapping 
clusters, etc. The assignment uses mathematical criteria.

f. It is the task of the researcher to select the cluster and name 
it. The ideal is to use as few clusters as possible, but clusters 
which are clearly different and can be readily named.

g. For this study, two clearly different clusters emerged, and 
could be named. Mind-Set 1 focuses on accoutrements and 
technology. Mind-Set 2 focuses on the process of education.

h. Table 5 shows the mind-sets sorted by ‘strong’, for each mind-
set, and then the elements which are not strong for either mind-
set. Although the respondents may have thought that they 
were just guessing, the segmentation reveals clearly different, 
clearly meaningful mind-sets, based on the clustering.

 

R54z

Total

M
S21X

M
S22Y

Mind-Set 1: Focus on the  technical accoutrements of the math class

C1 Online math programs 25 29 22

C3 Math board games 26 28 23

C4 Math workbooks 23 25 21

A4 Virtual reality headsets 20 25 16

A1 Laptops 18 25 13

Mind-Set 2: Focus on the education of the math class

C2 Apps that teach math 25 23 26

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 23 20 25

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 23 20 25

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 20 14 25

Elements which do not strong appeal to either mind-set

D2 Social pressures to conform and fit in 16 9 24

D4 Persisting through challenges 16 9 23

D3 Exploring new interests and hobbies 13 4 22

B4 The education for 3rd grade will change in 10 years by becoming more project based. 19 17 20

D1 Increasing academic demands 16 13 20

A2 Chromebooks 18 23 14

A3 iPads 17 22 13

Table 5: The coefficients for the 16 elements for Total Panel, and the two mind-sets.
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Step 14: Response Time and the Measurement of Engagement

In the history of experimental psychology and then later in 
the world of psychology in general, the notion of response time or 
reaction time has been considered to represent underlying, often non-
conscious activities, such as engagement with the material [12,13] or 
active blocking of content [14]. In the world of consumer research a 
great deal of interest has been expended at various times to use the 
non-conscious measures as a perhaps a less cognitively biased measure 
of how a person feels. Whether these behaviors outside of conscious 
control are anything more than interesting measures is not relevant 
to this paper. What is relevant is that we know what the stimuli mean 
because they are phrases, we know how they drive agreement because 
we measure agreement, and we can estimate how much time they take 
to process because we measure response time to vignettes of known 
composition.

The equation relating the measured response time to a vignette 
(RT), versus the presence/absence of the elements is the same equation 
that we have used above: RT=k1(A1) + k2(A2) .. k16(D4).

Table 6 presents the coefficients for the response time for the 
total panel and for the key self-defined subgroups, gender, age, and 
prediction about the change in the third grade ten years out. To identify 
patterns, we select long response times, considering these long response 
times to represent engaging statements. ‘Long’ response time has been 
set arbitrarily at 0.8 seconds. With that in mind, Table 6 suggests two 
elements which are engaging, but perhaps for different reasons:

An element which paints a word picture, forcing one to think 
about that word picture because it describes a universally meaningful 
situation and presumably summons to consciousness meaningful 
experience: D4 Persisting through challenges.

An element which is simple, real, and meaningful. B1: The 
education for 3rd grade will change in 10 years by becoming more 
interactive and engaging.

Table 6 also reveals that the typical response time for older 
respondents (age 51-83) is far longer than the response time of the 
younger respondents. Even among the older respondents, however, 
some element are far more engaging than others:

A3 iPads

D4 Persisting through challenges.

C3 Math board games

B3 The education for 3rd grade will change in 10 years by becoming 
more technologically

advanced.

Table 7 presents the response-time coefficients for the two emergent 
mind-sets. What is remarkable is the seeming inverse relation.

Mind-Set 1 (MS1), who appear to be focused on the technology 
(accoutrements of the math class) show the longest response time for 
elements dealing with the process and experience of education.

Mind-Set 2 (MS2), who appear to be focused on the process of 
education show the longest response times for elements dealing with 
technology.

We may have in Table 7 interesting evidence for underlying 
cognitive processes, namely that in an important social topic like 
education, people take the task seriously, and ‘figuratively’ are having 
difficulty processing elements with which they do not perceive to be 
part of the future of education.

  RT 

Total

M
A

LE

FEM
A

LE

A
19x25x

A
26x50x

A
51x83x

Q
1 C

hange

Q
1 Sam

e

D4 Persisting through challenges 0.9 0.7 1.0 0.8 0.7 1.3 0.8 1.1

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 0.8 0.7 0.8 0.8 0.7 1.0 0.7 0.9

A2 Chromebooks 0.7 0.8 0.6 0.7 0.7 0.8 0.7 0.7

A3 iPads 0.7 0.6 0.7 0.3 0.4 1.7 0.5 1.0

C2 Apps that teach math 0.7 0.5 0.8 0.1 0.7 1.0 0.7 0.6

C3 Math board games 0.7 0.6 0.7 0.1 0.6 1.2 0.7 0.6

C4 Math workbooks 0.7 0.8 0.6 0.1 0.7 1.0 0.8 0.6

D2 Social pressures to conform and fit in 0.7 0.5 0.8 0.5 0.6 1.0 0.5 1.0

A4 Virtual reality headsets 0.6 0.6 0.6 0.1 0.6 1.0 0.6 0.6

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 0.6 0.5 0.7 0.4 0.5 1.0 0.7 0.5

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 0.6 0.5 0.7 0.3 0.5 1.2 0.5 0.8

B4 The education for 3rd grade will change in 10 years by becoming more project based. 0.6 0.6 0.7 0.4 0.6 0.8 0.6 0.8

C1 Online math programs 0.6 0.6 0.5 0.2 0.5 0.8 0.6 0.4

D1 Increasing academic demands 0.6 0.5 0.6 0.6 0.5 0.6 0.5 0.6

D3 Exploring new interests and hobbies 0.6 0.4 0.7 0.8 0.5 0.9 0.5 0.7

A1 Laptops 0.5 0.7 0.5 0.2 0.5 0.9 0.5 0.7

Table 6: Response times for the 16 elements, for Total Panel and for key self-defined subgroups.
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  RT 

Total

M
S1

M
S2

Mind-Set 1 Focus on the technical accoutrements of the math class

D4 Persisting through challenges 0.9 1.1 0.7

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 0.8 0.8 0.8

C4 Math workbooks 0.7 0.8 0.6

D2 Social pressures to conform and fit in 0.7 0.8 0.5

D3 Exploring new interests and hobbies 0.6 0.8 0.3

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 0.8 0.8 0.8

Mind-Set 2: Focus on the education of the math class

C2 Apps that teach math 0.7 0.6 0.8

C3 Math board games 0.7 0.6 0.8

A2 Chromebooks 0.7 0.5 0.8

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 0.8 0.8 0.8

Not engaging for either mind-set

A3 iPads 0.7 0.6 0.7

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 0.6 0.6 0.7

A1 Laptops 0.5 0.4 0.7

B4 The education for 3rd grade will change in 10 years by becoming more project based. 0.6 0.7 0.6

A4 Virtual reality headsets 0.6 0.6 0.6

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 0.6 0.6 0.6

D1 Increasing academic demands 0.6 0.7 0.5

C1 Online math programs 0.6 0.6 0.5

Table 7: Response times for the 16 elements, for Total Panel and for the two emergent mind-sets.

Step 15: Uncovering Pairwise Interactions through 
Systematics Using Scenario Analysis

We end these steps of the Mind Genomics process by searching for 
hitherto unknown, often unexpected pairwise interactions between 
elements. Conventional research designs do not enable the research 
to uncover interactions unless these interactions are inserted into the 
study as defined test stimuli, the reaction to which can be assessed as 
being statistically significant or not. The key here is that that researcher 
must ‘know’ what pair or pairs of elements are expected to synergize 
with each other, or to suppress each other. The implication is that the 
researcher should know a great amount of topic in order to build in 
the interactions that can be measured.

A key benefit of the Mind Genomics process is that each respondent 
evaluates different combinations of elements. That means that across 
the 110 respondents it is likely that 90% of the combinations are 
different from each other. The reason for that feature is the permutation 
scheme, which ends up producing these different combinations. The 
researcher can benefit from this larger set of different combinations 
by selecting one specific question (e.g., Question D), and sorting the 
database into five groups or strata of vignettes. Each stratum of the 
five comprises one of the five answers to Question D (D=no answer, 
D1-D4=the four different answers).

Once the five strata are defined, one can create an equation 

for each stratum. Within a stratum the element or answer from 
Question D is fixed, so the independent variables are the 12 elements, 
A1-C4. The equation is of the same form as before: Dependent 
Variable=k1(A1) + k2(A2) … k12(C4). There are five such equations, 
whose parameters are shown in Table 8 for the dependent variable 
being R54 (agree), and in Table 9 for the dependent variable being 
RT (response time).

Our analysis focuses on differences due to interactions. The 
column elements are the difficulties that might be faced in 10 years in 
the 3rd grade. The column labelled D=0 corresponds to the values of 
the 12 elements in the absence of any element from Question D. We 
are searching for any element from Question D which generates more 
than a 10 point or greater change in either direction. The 10 points 
correspond to a major change.

1. Agreement (R54) What is most striking is the interaction 
between the changes to be expected (Question B) and the 
difficulties to be encountered (columns). The agreement with 
the changes drops as one introduces the difficulties (Table 8).

2. Response time (RT). A similar pattern emerges with response 
time. The response time gets shorter with the introduction 
of difficulties. It may be that to understand and comprehend 
difficulties takes away the attention from the other elements, 
such as change to be expected (Table 9).
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    N
one

Increasing academ
ic dem

ands

Social pressures to conform
 and fit in

Exploring new
 interests and hobbies

Persisting through challenges

  Element held constant in the vignette D0 D1 D2 D3 D4

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 40 27 23 15 21

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 39 21 28 19 31

B4 The education for 3rd grade will change in 10 years by becoming more project based. 36 19 29 16 20

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 29 37 30 15 31

C4 Math workbooks 26 25 29 28 32

A1 Laptops 24 31 19 24 27

C1 Online math programs 24 36 26 33 31

A3 iPads 23 20 24 24 21

C3 Math board games 23 32 32 38 25

C2 Apps that teach math 21 28 31 34 30

A2 Chromebooks 20 24 20 28 21

A4 Virtual reality headsets 9 26 31 33 28

Table 8: Scenario analysis showing the interactive effect of the column element (difficulty) with the row element as a driver of agreement (R54).

   

N
one

Increasing academ
ic dem

ands

Social pressures to conform
 and fit in

Exploring new
 interests and hobbies

Persisting through challenges

  Element held constant in the vignette D0 D1 D2 D3 D4

B1 The education for 3rd grade will change in 10 years by becoming more interactive and engaging. 1.5 1.1 0.4 1.1 1.2

B2 The education for 3rd grade will change in 10 years by becoming more personalized. 1.4 0.7 0.5 0.8 1.0

B3 The education for 3rd grade will change in 10 years by becoming more technologically advanced. 1.3 0.6 0.6 0.7 1.3

B4 The education for 3rd grade will change in 10 years by becoming more project based. 0.9 0.9 0.7 0.5 1.4

C3 Math board games 0.7 1.0 0.8 1.2 0.5

C4 Math workbooks 0.7 1.1 1.0 1.1 0.8

A2 Chromebooks 0.6 0.6 1.2 0.8 1.1

C1 Online math programs 0.6 0.7 1.2 1.0 0.3

C2 Apps that teach math 0.6 1.0 1.0 1.2 0.6

A1 Laptops 0.4 0.7 0.9 0.4 1.3

A3 iPads 0.4 1.0 1.2 0.7 0.8

A4 Virtual reality headsets 0.4 0.7 1.0 0.7 1.3

Table 9: Scenario analysis showing the interactive effect of the column element (difficulty) with the row element as a driver of response time (RT).
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Resp. Unedited open-ended answer 

1 3rd grade will be more eye opening to young kids and will introduce social sensitivity material in the course load 

2 Harder than it is now 

3 The same it was 10 years ago.

5 it will be the same like now but more technology

7 It will be good 

11 They will be exposed to much more technology than before 

15 I think they will be learning things earlier than usual

17 It will be the same 

18 I imagine the same as now

19 More tech, definitely better learning

21 Bunch of soft children led by "woke" morons.

23 I think it will be similar to how it is now. 

24 It will be more technological ad pupils will get almost everything done technologically

26 It will definitely change

27 I don't think it will be any different.  Ten years really isn't that long of a time.

28 They will be learning about 5th grade studies 

30 Hopefully, there will be more hands-on learning involved

31 Times are changing like crazy. I think they will be required to learn more and will be more mature in some way because society will force them to be

33

More personalized learning: With advances in technology and data analytics, schools may be able to tailor learning experiences to meet the unique needs of each student.

Greater use of technology: Digital devices, virtual and augmented reality, and other technological tools may become even more prevalent in the classroom, providing new ways for 
students to learn and engage with educational content.

Increased emphasis on STEM education: As technology continues to play an increasingly important role in our society, there may be a greater focus on science, technology, 
engineering, and math (STEM) education in the 3rd grade and beyond.

Continued emphasis on social-emotional learning: In recent years, there has been a growing awareness of the importance of social-emotional learning in education. This trend is 
likely to continue, with more emphasis on developing students' interpersonal and emotional skills alongside their academic knowledge.

More emphasis on project-based learning: Rather than just memorizing information, students may be given more opportunities to engage in hands-on, experiential learning 
through projects and other activities that require them to apply their knowledge and skills to real-world situations. 

34 Third grade will be more advanced with computers than it is now, and education that is fine digitally will be able to teach about virtual things.

35 I think all grades will have a shorter week. 

36 more educational

37 Students will be studying online

38 It will be all robot teachers 

39 I think it will be the same

40 it needs to be more technological

41 Different from what my third grade experience was. Probably have a robot for an teacher lol.

42 worse than today

43 Because the culture surrounding what kids are learning is changing 

48 The same with kids learning

51 More advanced

52 Even scarier than today...if we can’t fix our broken system, kids will just keep getting more behind and confused

53 I honestly don't remember much about what 3rd grade was like 35yrs ago.

54 More and more playing cause they went from textbooks to tablets and in10 years they may be going to phones 

58 I will be a lot harder

60 There is already no more cursive writing… everything is going to be on a website with emojis 

63 It will be more tech savvy with work done from home

64 Very similar to how it is now but with more technology being used … but still learning basics of reading, writing and arithmetic.

65 Children will be doing algebra

66 It’s will be very cool and very interesting 

68 I think it will be very similar to what it is today.

Table 10: Appendix – Responses to open-ended question about what the 3rd grade will be like in 10 years.
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69 Different information being taught.  History will be different.  I think almost everything will be different in such a long period of time as 10 years.

70 Same as what we went through 

72 Horrible 

74 I really have no idea what will happen to the school system in 10 years, not only the third grade … which happened to be one of my favorite grades.

75 I think schooling has changed significantly even in the last year or two so I don't have any reason to think it won't change even more. I think it will be more online and more 
electronic

76 They'll know as much about computers as a 20 year old

77 Hopefully, 3rd grade will remain the same as it has been since I was in school. 

78 The exact same way it is now.  I don't think anything changes and that's why kids are not learning

79 Same as today young and inquisitive 

81 I think it will be the same as it is now.  

82 It will be more of ethics and critical 

83 Its will be very nice and very expertise system

84 Improve 

86 It would be totally different and advanced 

87 I think it will have more access to advance technology to help students learn

89 Shorter hours and less standard testing.

90 I think third graders will still be 9 to 10 years old. If the country stays the same and Ron de Santis is let go and not reelected, then there is  a good possibility things will not change 
in Florida. and kids will be able to read what their teachers want them to

91 The same as today

94 More technical and advanced

95 Worse than now

97 In the state of FL. It is going to be horrible with Meatball Ron. Kids will be like robots. I'm glad my Grandkids live in another state!

98 More students

100 It will mostly learning from computers 

102 More advanced

104 In ten years, I honestly think third graders will be far more advanced as far as ten years ago, I’m not sure in what way - probably more technology used. 

107 It will.be super nice and Great and I would really love to give that time a Try

109 kids will probably have phones and will be all over the internet just like they are now 

Discussion and Conclusions

The literature on education is filled with studies of students and 
mathematics, how they learn [15,16], how to work with challenged 
students, and so forth [17]. These studies are done from the point 
of view of adults, whether those interested in the psychology of the 
child as the child grows (REF), or those interested in the process 
of education [18]. Some topics deal with the child, others with the 
curriculum, and best practices [19-21].

What may be missing, however, is the experimental analysis 
of the world according to the student. There are papers reporting 
observations of the student [22-25] and interviews with students [26] 
but few books or papers wherein the student is allowed to formulate 
questions as a researcher [27]. The formulation of the questions itself 
provides insight into the student. Just as important is the evaluation of 
these questions by other people, and the insights about the education 
from the mind of the student, as evaluated either by adults (done 
here), or by other students (not done here) (Table 10).
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