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Executive Summary
Millions of people worldwide miss out on valuable opportunities due to their unrecognized and
underdeveloped potential. Yet small interventions at the right time can have large and lasting
benefits. At Socos, we believe that education needs to change in its goals, assessment, and instruction
to more fully nurture and advance the potential of everyone in our society.

Problem: Our Educational System Is Too Narrow
Narrow goals. Education today promotes and rewards a narrow definition of success: the acquisition
of specific content knowledge. This limits the talents developed and favors short-term over
long-term success, foregoing later career stability, financial independence, health, and life satisfaction.
Artificial assessment. Grades and test scores are biased proxies for future success, are difficult to use,
and hinder effective instruction. Tests create artificial, inauthentic environments that do not reflect
real-life situations and utilize only a small portion of the relevant data on students’ learning.
High-stakes tests exaggerate their impact and provide delayed, coarse-grained feedback that aligns
poorly with educators’ needs. In displacing other instructional activities, testing is very costly, yet
yields questionable benefits.
Short-sighted instruction. “Teaching to the test” plus demands for “data-driven instruction” magnify
the impact of systematic and random biases to produce instruction that conforms to the wrong
expectations. Left on their own to solve these problems, teachers and schools are isolated from the
environmental context, community, and families.

Solution: Build Integrated Assessment for Life Outcomes
Life outcomes1 . Our solution is to build assessment technologies aligned with life outcomes,
facilitating development of more robust and general meta-learning: the knowledge, skills, and
dispositions that support learning and applying knowledge productively. These encompass the broad
areas of social skills, such as leadership, empathy, and collaboration; self-regulated learning, such as
motivation, resilience, and executive functioning; and creativity, such as exploration, innovation, and
divergent thinking. Linked with improved long-term health, educational, and employment outcomes,
these habits are mechanisms for future growth and can be learned.
Naturalistic data. We draw from a continuous stream of the data naturally embedded within
everyday experiences and the existing activities that instructors choose. These may include
parent-child conversations; student-produced artifacts; digital and audio capture of student-faculty
interactions; online collaborations; etc.
Continuous predictive assessment. Our algorithms provide formative assessment linking dynamic,
automated predictions with actionable feedback. Such information connects future possibilities with
current realities via concrete recommendations for immediate actions, as well as longer-term
perspective shifts and course corrections.
Resilient, responsive instruction. Successful pathways need to accommodate difficulties and failures
safely; the experiences that develop capacities for long-term success may not always appear to
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produce short-term success. By facilitating and creating new norms around iteratively examining,
inferring, and influencing student thinking, we are establishing a culture of ongoing assessment which
respects these constraints and constructively informs practice.
Integrated systems. Our technologies integrate seamlessly with the roles that teachers, students,
parents, and colleagues already assume in everyday experiences in their natural learning ecosystems.
Personalized feedback empowers learners and educators with the freedom to draw from their own
expert judgments, rather than forcing them into preset paths.
Meta-Learning. T
 raditional measures of individual potential are only weakly predictive, or not at all
when “deeper” qualities of a learner are taken into account. Those qualities, which we call
meta-learning, should be the principal focus of formal and informal development, at home, in school,
and in the workplace. Kids do need to learn core academic skills, but the foundation of an impactful
life is meta-learning. In fact, when we orient our academic ambitions on long-term (life) outcomes,
we see that transient skill learning doesn’t affect those outcomes. For example, Stanford economist
Raj Chetty found the teachers with the biggest long-term impact, and role-model effect, on their
students actually produced students that tended to slightly underperform on standardized assessment
even as those kids grew up to earn more and progress further in their education. Similarly, the
role-modeling of parents, not their more directive behaviors, are substantially more predictive of
long-term outcomes. We believe natural learning experiences, particularly delivered through family
play, promote meta-learning and should be at the core of both growth and assessment. AI — in this
case, augmented intelligence — can support parents and teachers in these unstructured learning
environments.
Socos designs machine intelligence to augment human intelligence by synergizing actions across all of
these aspects of the learning process.
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Introduction: Defining the Problem
Millions of adults and children in the U.S. and around the world miss out on valuable opportunities
due to their unrecognized and undeveloped potential, at tremendous cost to society. That ZIP codes
continue to serve as a reliable predictor of test scores exposes the myth of equal access to educational
opportunity. The lost human capital associated with the U.S. achievement gap has been estimated at
over $1.3 trillion GDP in 2008,2 with future projections of $2.3 trillion from 2014 to 2050.3
Surprisingly small, low-cost interventions at the right time can have large and lasting impacts on
health, psychological well-being, educational attainment, and economic output. Early childhood
interventions can bring particularly significant impacts down the road.4 They may be as brief as seven
weeks of training mothers in nurturant parenting skills, which yielded better health outcomes for
their children upon reaching adulthood eight years later.5 Longer and earlier interventions can erase
equity gaps. A random sample of families of severely underprivileged toddlers received two years of
weekly visits focused on parenting that promotes cognitive and socioemotional skills. Twenty years
later, those toddlers had grown up into adults with 25% higher earnings, now matching those of
peers with no such early-childhood disadvantages.6
These profound results are inspiring, showcasing
what can be done, while also underscoring the
question: How can our education system serve us
all better? At Socos, we believe that education
needs to change on all three dimensions—goals,
assessment, and instruction—to more fully nurture
and advance the potential of everyone in our
society. These changes require greater equity in developing skills across the population, more active
engagement by students in their education, and better coordination with the affordances of the
learning ecosystem. All of these translate into better resource utilization and greater returns on
investment.

Traditional Educational Goals Are Too Narrow
The present educational system promotes and rewards a narrow definition of success: the acquisition
of specific content knowledge within only certain domains. Failing to recognize and nurture other
forms of success constrains the range of talents and skills that are developed. This limited focus also
favors short-term achievement over long-term success and becomes especially problematic upon
recognizing that their paths diverge. Mastering a particular domain offers no guarantee of career
stability, financial independence, health, or life satisfaction, and pursuit of short-term success may
even come at the expense of these life outcomes.7,8 As valuable as specific expertise is, it fails to
transfer to the new knowledge domains emerging ever more rapidly in today’s information age.
Increased attention to the importance of other factors such as socioemotional competency, mindsets,
motivation, grit, and conscientiousness has highlighted the need for educational goals to encompass
these habits of mind alongside domain-specific knowledge and skills.
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Test-Based Assessment Exaggerates Artificial Experiences
Effective instruction depends on formative assessment to discover and monitor student understanding,9
yet the design and use of today’s tests carry many problems. Tests are valid only for the population
and purpose for which they were designed; eliminating cultural bias from tests is extremely difficult,10
and tests are often designed as sequestered experiences stripped from authentic contexts.
Standardization narrows the range for what is considered acceptable progress regardless of
developmental variation, and testing is intrusive, displacing instruction which might yield better
learning. Assessment needs to resolve these dilemmas to be truly useful.11

Grades Provide Biased and Incomplete Information
Grades and test scores are imperfect proxies for later success. While SATs are predictive of first-year
college grade point average,12 they do not predict subsequent career performance; demographic and
socioeconomic variables are more predictive.13 Internal research at Google has also shown that GPA
and brainteaser performance did not predict job success.14 These markers are both misleading and
biased. Given the diversity in students’ interests and experiences, the multiple specializations
demanded by our society, and the rapidly-changing needs of the labor market, grading performance
by a narrow set of standards simply cannot capture the depth and breadth of important information
with the speed and accuracy we seek.

Inauthentic Assessments Use Misleading Input
The flaws of today’s high-stakes,
standardized assessment system go
beyond their goals. Not only are they
aligned to the wrong outputs, but
they also focus on the wrong inputs
and are difficult to use. While they stipulate narrow controls over testing environments and
proctoring, inconsistencies and irregularities in test administration challenge assumptions of
identically and comparability. Such tests use a very small portion of the available and relevant data on
students’ learning and are derived from non-naturalistic data based on artificial assessment events. They
bias action based on incomplete information and exaggerate the impact of those limited snapshots,
due to their high-stakes application. In seeking to assess everyone by standardized measures, they
neglect information that could distinguish among the unique experiences, strengths, and paths by
which they meet different roles and needs.15 Attempting to sanitize tests of the contaminating effects
of context produces inauthentic “sequestered problem-solving” that no longer reflects real learning
experiences.16 Given these rigid controls, test administration becomes an intrusive process that
disrupts and displaces normal instruction. While well-designed tests can facilitate learning,17 the best
testing activity may not be the best learning activity at a particular moment.

Conventional Assessment Offers Limited Feedback
Today’s assessments are poorly equipped to provide useful information to the many stakeholders
who rely on them for guidance. Designed as summative rather than formative measures, standardized
tests typically provide only delayed, coarse-grained feedback that may be difficult to understand and
align with teachers’ and administrators’ experiences and needs. Having been developed according to a
carefully designed framework and format to ensure comparability against standards and between
students, these tests mandate organizing the intake and output of information according to rigid
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specifications. On the opposite end, teacher-developed formative assessment is easier to interpret
and integrate into instructional practice, due to being more tightly connected to classroom learning.
Yet both focus on narrow expectations of knowledge, resulting in a very short cycle of relevance.
Neither accounts for learners’ needs for direct, individualized feedback on how to adapt their efforts
effectively toward their long-term goals.

Short-sighted Instruction Targets the Wrong Goals from the Wrong Data
Teaching toward ambitious goals requires new processes, not just new standards. Simply declaring
perseverance or pro-social behavior as goals does not develop those habits; they are not mere traits
to request and reward, but rather skills to scaffold carefully. Many tout the classic “marshmallow
experiment”18 to highlight how children’s ability to defer gratification predicts later success: those
who were able to resist the first marshmallow for 15 minutes to earn a second marshmallow showed
higher test scores, greater educational attainment, and better health in adulthood.19,20,21 Yet in a
follow-up study, children who were promised but then denied replacements for their broken crayons
learned that the rational choice was to eat the first marshmallow right away.22 Living in an
unpredictable environment where critical resources are often absent interferes with the desired
lessons. We do not impart growth mindsets or self-efficacy by mere lecture, nor can we teach creative
problem-solving and adaptive expertise through incremental problems and familiar routines with
known answers.
The dominant relationship between instruction
and assessment is problematic. Today’s appetite
for “data-driven instruction” too often inflates
the power of the limited data beyond the
inferences they support, hiding the uncertainties
and rushing to judgment amidst eagerness for
action. Relying on a narrow slice of data,
overcorrecting in response, and using data for high-stakes evaluation are miscalculations which
oversell and ultimately undermine trust in data. How we use assessment needs to change in both
timescale and purpose. As the assessment intervals become narrower, the outcomes considered
should become broader. Hewing too closely to local fluctuations can miss more important global
trends, and short-term gains do not always translate into robust long-term retention and transfer.23
Snapshots are not trajectories, and averages are not individuals. Information should be used to
improve guidance and support, not as evaluative judgment. Granting too much power to a
momentary glimpse risks magnifying the impact of both systematic and random biases, closing
windows of opportunity where they should be opened. It is a mistake to presume that the fault lies
with the individual rather than the system.
Where that system needs repair is in its fragmentation and failure to engage and coordinate all its
members productively toward shared goals. For example, the stress of living in an unreliable
environment impairs working memory, which is fundamental for language learning, problem-solving,
and long-term memory.24 Those deficits then impede parenting effectiveness,25 which creates a
self-perpetuating cycle. We cannot expect teachers and schools to solve these problems
single-handedly, when in reality the environmental context, community, and families all play major
roles and likewise need support.
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The Socos Solution
To solve these problems, Socos is implementing technologies that align assessment with life
outcomes as goals, drawing continuously from naturalistic data to create dynamic, formative
predictions connecting actions to outcomes. These technologies integrate seamlessly with the roles
that teachers, students, parents, and colleagues already assume in everyday learning environments.

Focus on Life Outcomes
What matters more than a particular body
of knowledge is the ability to learn whatever
knowledge is needed and to deploy that
knowledge productively. We define this
construct of meta-learning a s the knowledge,
skills, and dispositions that support learning
and applying knowledge effectively.
Meta-learning encompasses abilities and habits as diverse as metacognition, self-efficacy,
socioemotional competency, creativity, and curiosity, variously labeled as “soft skills,” “deeper
learning,” “non-cognitive factors,” “21st century skills,” “skills for success,” among other terms.26,27,28
Recognizing that the research literature is itself somewhat fluid regarding their categorization, we
offer the following illustration as just one representation of how these constructs may be seen as
clustering together (Figure 1).
Evidence for the value of these skills continues to grow, linking mental well-being and
socioemotional instruction to improved health and employment outcomes, even showing stronger
effects than for academic achievement.29,30,31,32 Adopting a growth mindset, or the belief that intelligence
and social attributes can be developed, fosters resilience.33,34 In contrast, incentivizing performance
over learning can undermine internal motivation and long-term persistence.35,36 Childhood levels of
conscientiousness, self-control, the ability to delay gratification, and emotion regulation predict
health, educational and employment success, income, and marital stability in adulthood.37,38,39,40,41 Yet
grit, consistency, and perseverance do not predict creative success; openness to new experiences
does.42,43 Creative exploration itself facilitates novel discoveries, solutions, and inventions, as well as
new pathways for learning and the development of self-regulation.44,45
What sets these skills and dispositions apart from traditional
academic achievement is that they serve as mechanisms for
learning and applying new knowledge. They represent
potential for future growth, not merely evidence of past
development which may not transfer to new contexts. Too
often, underprivileged learners are relegated to a narrow and
disengaging curriculum that overlooks complex skills which
enable and promote future learning.46 Simply assuming that
these skills will develop on their own is not sufficient;
education needs to target them deliberately, for all learners.
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Smart Science and Meta-Learning Assessment
Our research, which spans early-education learning science through professional development, clearly
show that the skills we traditionally value are not only doomed to be outdated by technological
advances, but historically have played only a secondary role in individual success. We know how kids
develop strong perspective-taking, deep endogenous motivation, and a belief that their hard work will
pay off. Instead of focusing education almost solely on traditional skills and knowledges, it must
instead focus on meta-learning, the collection of attributes most strongly related to positive life
outcomes: health, happiness, and meaning. We explore both the human and technological side of this
transformation via research in the learning sciences, behavioral economics, and machine
learning-based augmented intelligence.
Our smart science is key to the design of the platform on which Muse runs. It runs daily Smart
Surveys, a machine learning driven system that can dynamically execute massive surveys with the
minimum number of actual questions asked while discovering underlying patterns. By deeply
understanding causal relationships, it can better assess where people are when you meet them, as well
as which experiences are driving long-term outcomes for them. As it generates insights across a
population of users, this Meta-Learning Assessment is useful for understanding causal change factors
to stretch human potential across the 50 or so factors for long-term positive life outcomes Socos
tracks in the meta-learning framework. This system can be integrated into other systems as well,
allowing users to add their own questions and existing data into the system, where Smart Survey will
automatically learn the patterns between those inputs. Connecting this question engine with the
activity engine Socos has built over the last few years leads to personalized learning and development
across the population of users each night (or at a cadence appropriate for respective age and
population type). Socos is currently developing both Muse@20 for young adults, and Muse@Work
for workers which will work with companies existing learning systems deploying this personalized

Figure 1. Meta-learning comprises multiple dimensions and components
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development. Deployed through API-based methods including our App and SMS, as well as Q API,
Pubsub, Slack, Whatsapp, etc., smart science will pull content from our question engine into a
dynamic Meta-Learning Assessment of an individual.
What is Muse by Socos?
From the massive scientific “life-outcomes” literature we can see how certain experiences early in
life, such as reading with a child or focusing on growth vs performance, develop the skills necessary
to fundamentally improve life-outcomes. The purpose of Muse is to focus this literature on
understanding a child’s growth and delivering daily families activities to support it. The machine
learning behind Muse infers who each child can be, helping parents understand their child’s growth
by sending simple activities that foster each child’s long-term development. Muse’s daily messages
draw from decades of peer-reviewed research on life-outcomes and child development alongside our
own analysis of over 100 million working professionals. Our predominantly play-based activities are
designed to improve life-outcomes based on each child's specific meta-learning strengths, needs, and
plasticity, supporting growth mindset, working memory, executive control, self-efficacy, perspective
taking, and more. 2 And amazingly, despite the extensive artificial intelligence behind the scene,
families only need SMS for access.
Muse can collect information from people in different ways:
1. Muse@Home insightfully asks a personal daily question to learn about each child, requiring a
simple 2-word response; transforming them into a daily activity which will have the biggest
impact on that child’s life.
2. It can also analyze pictures of a child's artwork to its understanding of each child’s learning,
language skills, and long-term development.
3. Parents can share landmarks and milestones, challenges and successes, about each child’s life.
(For example, Dr. Ming likes to add quotations of her children’s insight about the world).
Muse@Work and Muse@20 will be personalized to the individual user, to self-report on the
question, consider the activity. These will also be designed as micro-nudges to expand their creativity,
resilience, adaptiveness, etc towards the future of work and learning.
Expected Outcomes: Muse is not simply designed to improve the life outcomes of individual children,
but also impact entire communities. Decade-long studies have shown community-wide incomes
increased by as much as 25%, substantial decreases healthcare and incarceration costs, and improved
career performance (even in highly motivated populations like Westpoint). At Socos, we modeled the
hypothetical impact of meta-learning interventions had they started 25 years ago, taking into account
factors such as socioeconomic demographics and regional differences. Even paying Muse’s nominal
cost up front, we found immediate savings in education and healthcare, and pronounced gains in
increased productivity over time. By 2016, these changes would have resulted in $1.3-1.8 trillion
added to the US economy each year. Even more startling, applying the same model to South Africa
suggested annual economic gains of 60%, and 110% in India. Both the New America Foundation
and McKinsey have also modeled the impact of improved educational equality, and their results, $1
trillion and $2-4 trillion, respectively, strongly support our more detailed analysis. If we built our
education systems on these research-driven lessons, we’d change not only our children’s lives but also
the entire economy.
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Drawing from the research behind Muse@Home, Muse@20 is designed to promote long-term,
positive life-outcomes for young adults in their 20s searching for purpose and looking for personal
and career-related growth. Similarly, Muse@Work is intended for working adults who are seeking
personal and career development, often using work itself as a growth experience, which will benefit
employers hoping to leverage a more creative talent pool.
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Use Naturalistic Data for Continuous Predictive Assessment
Align Outputs with Life Outcomes
Changing the goals of education necessitates changing the assessment to align with those goals.
Rather than measuring short-term knowledge, we are designing assessments that measure progress
toward meta-learning goals and long-term life outcomes to provide useful information for guiding
immediate actions.

Use Naturalistic Data as Inputs
These measurements derive from data already available on a
broad range of learning experiences. Instead of halting
instruction to collect data on students, whether through a test,
survey, or other manufactured experience, teachers should be
free to choose the activities that best meet their students’ needs.
Assessment information would then flow from the naturalistic
data already embedded within those activities, as shown in Figure
2. Defining what students need to know and be able to do
should still motivate the instructional design,47 but monitoring
and developing student knowledge should function in tandem,
not in opposition.
To maximize their utility in assessing meta-learning goals, our
algorithms incorporate a wide range of data collected
continuously across diverse experiences. These may include
student-produced writing, drawing, and equations; in-class audio
recordings; digital and audio capture of student-faculty
interactions; faculty feedback; tutor logs; micro-world and simulation choices; and online discussion
forums, wikis, and blogs. Individually and contextually tailored prompts may further elucidate
knowledge, attitudes, and behaviors. By utilizing data collected unobtrusively, without interfering
with instruction, this system grants teachers and learners the freedom to pursue the most valuable
learning experiences.
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Figure 2. Naturalistic data flow from everyday life experiences such as these.

Automate Predictions and Connect Them to Recommended Actions
Making assessment useful and actionable requires bridging goals and instruction for all stakeholders.
Assessment connects the minutiae of everyday instruction with long-term goals, going beyond merely
documenting the recent past to generating predictions about how to influence the future. These
predictions integrate across the wealth of information from past history and update dynamically as
the learning status changes, to anticipate the likely future outcomes of a range of possible actions.
As powerful as it is, manual analysis by
a team of experts demands patience
and resources, and does not scale to
rapidly-shifting knowledge domains
and student populations. Our
algorithms provide real-time,
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automated, and personalized formative assessment information to teachers and learners that they can
act on immediately when it matters. Rather than trusting the data to speak for themselves, we
translate assessment information into effective action by all the players in the ecosystem, through
opportunities appropriate for their roles. The outputs of these analyses merge invisibly with existing
tools and communities, to make the information easy to use effectively within their natural
ecosystems. In concert with teacher dashboards, online profiles, and student portfolios, our system
provides concrete recommendations for immediate actions as well as longer-term perspective shifts
and course corrections. While predictions are linked to possible actions, the information
complements teachers’ expertise, empowering them with freedom and flexibility to draw from their
own professional judgment about their best options, rather than forcing them or their students into
preset paths. Recommendations to students, parents, caregivers, colleagues, and supervisors likewise
adapt to their particular roles and strengths, offering timely feedback that is easy to convert into
action. We design machine intelligence to augment human intelligence by working together
collaboratively.
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Facilitate Instruction of Desirable Goals Using Effective Assessment
Substantive instructional revisions must accompany these changes in both goals and assessment.
Most obviously, different goals require different instruction. Learning to defer gratification demands
reliably experiencing the benefits of deferred gratification. Likewise with learning that errors are
constructive, that hard work will pay off, or that conflicts can be resolved, successful pathways need
to accommodate difficulties and failures safely. This entails granting students more control over their
learning, encouraging open-ended exploration and discovery, and allowing room to make and recover
from mistakes, without fear of wrong moves getting documented and docked. Given greater
autonomy and a more personally meaningful curriculum, students become more deeply engaged and
invested in their learning.

Since teachers’ instructional practices are tightly intertwined with the assessment system, establishing
a culture in which formative assessment informs practice constructively is essential. The experiences
that develop capacities for success in the long term may not always appear to produce success in the
short term from a superficial glance, a key distinction to highlight when presenting information. Call
it productive struggle, teachable moments, U-shaped development, or lifelong learning; education
that targets distant objectives must itself model a growth mindset and take a long view of assessment
data, premised upon the potential for change. Hence, we are building a technology to change
instruction so that it is fundamentally interwoven with ongoing formative assessment framed in this
context. By giving teachers a continuous stream of actionable information linked with past and future
outcomes, we facilitate the process of examining, inferring, and influencing student thinking in
connection with distant goals, thereby also creating new, achievable norms around it. Rapid analysis
and iteration upon student data likewise become not just an option but an expectation. This shifts the
assessment culture away from fearing tests as evaluation, toward seeking and trusting data for
guidance. Armed with greater self-knowledge, students are able to take more active responsibility in
directing their learning, ultimately becoming their own best teachers.
Recognizing that learning is embedded within a
broader ecosystem, we are designing tools that
incorporate the resources and roles played by
other partners in that system. This includes not
just students, teachers, and administrators, but
also parents, caregivers, peers, and others. For
students, interventions target attitudes and
strategies for approaching the learning process.
Some successful examples reduce stress, promote
growth mindset, and increase feelings of
self-efficacy and belonging.48,49 For teachers,
tutors, and mentors, interventions provide assistance with how, when, and to whom to offer
scaffolding and feedback. Key recommendations may include reaching out to students at risk of
dropout or failure,50 highlighting missing skills and concepts to target,51 or modeling skills to be
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learned rather than only teaching them explicitly.52,53 Teachers can promote metacognitive abilities by
engaging students in discussions on general reflection prompts that focus on the question rather than
the answer, or by facilitating small group discussions among peers of different ability levels and
backgrounds that require them to bridge these differences.54,55 Actions for administrators include
developing models for connecting student data to instructional practice, designing respectful and
collaborative environments for examining data, and creating a supportive climate for integrating the
use of data in key decision-making junctures.56 As noted in the introduction, parents benefit from
timely training in specific skills;4,5
 targeted feedback based on actual needs can further improve
caregiving practices by focusing their efforts more efficiently. Productive peer involvement may be
scaffolded through selecting complementary group participants, creating collaboration scripts, or
prompting them with discourse strategies for effective idea exchange.57,58,59
These techniques can greatly impact students’ long-term development when used at the right time
and embedded in the right context. We have learned from successful holistic interventions, such as
socioemotional learning or resilience programs,60,61 that for such approaches to work effectively, we
need to orchestrate the actions on the teacher, school, parent, community, and student levels.
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Case Studies
Assessing and Facilitating Online Discussions
In a large-scale validation of Socos’s pioneering approach to unstructured assessment, we
demonstrated our ability to detect and visualize key features of student learning that predict
end-of-course grades.62 Our algorithms analyzed the relationships in the topics within
student-generated text in online class discussions for 1200 students at a large university. We extracted
patterns which successfully predicted final grades within half a letter grade from just two weeks of
discussions, which constituted between 4 and 8% of the work composing their total grade.
Incorporating a greater quantity and range of student writing would improve those predictions and
enrich the possible inferences. Our analyses also yielded preliminary topic maps to trace different
trajectories in student thinking. Adding instructors’ comments, assigned reading from the textbook,
or other course materials would further elucidate distinctions between normative and non-normative
concepts on those topic maps.
In related research examining student-faculty interaction
patterns in online discussions at the same university, we
combined text mining with close reading to uncover
facilitation strategies associated with discussion quality.63
Visualizations of topical and temporal development in six
case studies revealed suggestive patterns between facilitation
styles, discussion focus, and evidence of learning. Such
information could help both students and instructors monitor
and adapt the content of their discussion participation to enable better learning.
These unstructured assessment techniques can be
readily applied to other forms of open-ended text
beyond online discussions, such as essay questions,
tutoring and email exchanges, wiki contributions, and
annotations on electronic texts. Discovering and
depicting emergent interaction patterns based on
semantic and syntactic content can reveal nuances in
the relationships between ideas as well as people,
highlighting features that might otherwise have
required multiple re-readings or aggregating across
thousands of instances. Automated feedback to students could signal if their response to a question
has omitted a key concept or evidences a common misconception, suggesting relevant resources to
review for their revision. It could identify which parts of their discussion contribution reflect ideas
shared with many classmates and which parts present an unusual thought. Faculty alerts can prompt
them to intervene early in counterproductive discussions, to redirect ineffectual exploration, to guide
a student on the brink of giving up, or to assemble discussion groups to explore different
perspectives rather than merely reinforce shared beliefs. These examples illustrate just a few paths by
which unstructured assessment informs and empowers learners and instructors.
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Supporting Competency-Based Learning
To move beyond conventional tests and grades, Socos is partnering with a competency-based online
college to develop new methods of direct assessment of real-life learning experiences. Rather than
earning credits for seat time and percentage scores based on arbitrary start and end points, students
tackle competencies suited to their needs and pacing. Reviewers offer feedback and coaches offer
guidance on students’ work to help them revisit and refine their efforts until they achieve mastery.
In this paradigm, rather than validating our
assessment algorithms against grades, we
are validating them as aligned to life
outcomes to certify competencies. Learning
goals address self-directed learning, critical
thinking, and collaboration, and success is
measured in terms of persistence and
progression toward those goals. This requires mapping features of unstructured student work to
established program goals and competencies. Linking this competency map to in-demand job skills
can further help gauge progress in students’ career trajectories, holding the school accountable to the
practical realities of employers’ needs, not just the theoretical aspirations of other educational
institutions and their accreditors.
For this project we are building upon
our previous work by incorporating
multiple data sources, such as
comprehensive student profiles, coach
calls and email exchanges, reviewer
feedback, peer interactions, and of
course original student work. Our
analyses will provide predictions about
individual
students’
future
performance, as well as constructive
feedback to coaches and reviewers via
an adaptive guide for leveraging
student strengths to better help them
improve in school and life outcomes. Information may include warnings about disengagement,
recommendations of known interventions, or guidance around what to prioritize or how to frame
suggestions for students. By offering more timely and specific feedback through these automated
analyses, this system can effectively guide self-assessments, instructional coaching, peer learning
arrangements, and employer mentoring. This enables students to take greater initiative in directing
their own learning successfully, while also facilitating better involvement by partners in multiple roles.
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Kindersight: Engaging Parents and Teachers of Early Learners
Working with researchers at a major university, Socos is building an innovative method for assessing
young children’s linguistic and metacognitive development in richer detail and more naturalistic
contexts. The new system extends our existing assessment algorithm for adult learners to deliver
rapid, actionable feedback for parents, teachers, and caregivers based on the broad range of learning
experiences already taking place in the classroom and at home. Many current initiatives demonstrate
the effectiveness of educating parents in the importance of talking to young children for improving
long-term language development and reducing the word gap.64,65 Texting parents of preschoolers with
just-in-time suggestions for home literacy activities boosted early literacy skill as well as parental
involvement in school.66
Analysis of young children’s linguistic
experiences from audio recordings has
demonstrated
the
feasibility
of
automatically tracking word exposure
and adult-child conversational turns. We
are deploying similar technology throughout kindergarteners’ learning environment in conjunction
with location data and analyzing them with our continuous passive assessment algorithms. By
producing a map of young learners’ conceptual space, we can explore the predictive value of the
language they generate and hear from peers and adults in each language. Combined with student
artifacts and information about classroom activities, these data sources together illuminate students’
knowledge and skills, which we then connect with externally validated assessment outcomes. This
system thus elucidates school and home interventions with the greatest potential to boost learning.
Amidst a growing movement to increase standardized
testing
despite
questionable
developmental
appropriateness, our system alleviates those pressures
by capturing information from whichever learning
experiences teachers choose for maximal instructional
value. Merging information across school and home
environments promotes collaboration between
teachers and caregivers, enabling complementary
rather than redundant efforts. It could clarify the
relative effectiveness of parental contributions in
reinforcing school lessons (repeating the same language), elaborating upon them (adding new
language), or posing questions about them (inviting the generation of language). It further legitimizes
informal and less-structured learning activities that may not traditionally be considered “educational,”
changing the norm from teacher-centered transmission not just to adult-facilitated elicitation but
even to child-directed exploration.
Beyond simply enriching children’s vocabularies, supporting their linguistic development in
real-world contexts directly advances their skill by using language for its metacognitive, pragmatic,
and social functions. These are all fundamental tools for monitoring, guiding, self-regulating, and
enhancing one’s own learning and actions. Our system augments the critical support of caregivers
through brief messages informing and guiding their interactions with the children. Our ultimate goal
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is not only to provide daily, personalized interventions to decrease the word gap, but to drive the
development of broader lifelong meta-learning skills.
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About Socos
Everyone at Socos has a very personal relationship with educational technology, research, and teaching.
Co-founder Vivienne Ming, Ph.D., named one of 10 Women to Watch in Tech in 2013 by Inc. Magazine, is a
theoretical neuroscientist, technologist and entrepreneur.

Frequently featured for her research and inventions in The Financial Times, The
Atlantic, Quartz and the New York Times, Dr. Vivienne Ming is a theoretical
neuroscientist, entrepreneur, and author. She co-founded Socos Labs, her fifth
company, an independent think tank exploring the future of human potential. Dr.
Ming launched Socos Labs to combine her varied work with that of other creative
experts and expand their impact on global policy issues, both inside companies and
throughout our communities. Previously, Vivienne was a visiting scholar at UC
Berkeley's Redwood Center for Theoretical Neuroscience, pursuing her research in
cognitive neuroprosthetics. In her free time, Vivienne has invented AI systems to
help treat her diabetic son, predict manic episodes in bipolar sufferers weeks in advance, and reunited
orphan refugees with extended family members. She sits on boards of numerous companies and
nonprofits including StartOut, The Palm Center, Cornerstone Capital, Platypus Institute, Shiftgig,
Zoic Capital, and SmartStones. Dr. Ming also speaks frequently on her AI-driven research into
inclusion and gender in business. For relaxation, she is a wife and mother of two.
Norma merges a pragmatic understanding of the teaching enterprise with a
long-term, system-wide vision of how research can illuminate and policy can
facilitate more effective learning. Her experience in teaching, professional
development, assessment design, and curriculum evaluation crosses multiple
disciplines and spans elementary through postgraduate students, teachers,
administrators, and faculty trainers. Research projects have explored relationships
among predictors, processes, and outcomes across a range of student populations and instructional
models, from case studies to massive scale, individual or collaborative, with and without technology.
Her policy advocacy highlights issues of equity in creating flexible paths and innovative resources to
enable all learners to meet high expectations.
Socos Team
Bulbul Gupta, is the founding Social Innovation Advisor at Socos
Labs, managing partnerships with governments, companies, and
social impact organizations.She is the former head of Partnerships at
the Clinton Global Initiative; and Global Policy Advisor, Clinton
Campaign ‘16, with a focus on upward mobility, quality jobs,
entrepreneurship. She has helped launch innovation and
public-private partnership teams in the US government, companies,
INGOs, using social finance for international development. She
serves as a family office investment coach, Board Member for Pacific Community Ventures,
Upaya Social Ventures; and Adjunct Lecturer at Hult International Business School, NYU
Wagner School’s Corporate Social Innovation programs. Bulbul is also a frequent Speaker &
Coach for startups at Singularity Ventures, 500 Startups, Village Capital, has a Masters in Public
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Policy & Economics from the University of Michigan, and a Bachelors in International Economic
Policy from George Washington University in DC.
Kelsey McFalls, COO,

Luke Brumfield
Dustin
Alex

Concluding Remarks
The Socos team is the only group currently taking naturalistic student experiences as the basis for
assessments. The solution to improving education and the learning gap is to close the educational
loop, and provide relevant feedback to educators and parents on what they can do in naturalistic
setting to improve life-outcomes. Socos Labs is in the position to make this possible.
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