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Introduction
Like every other field, education and mental health treatment have been upended by the coronavirus pandemic. The United Nations Educational, Scientific and Cultural Organization (UNESCO) estimated that over 91% of the worldwide student population—nearly 1.5 billion learners—have been impacted,1 and a March 2020 Kaiser Family Foundation survey suggested a national psychological trauma affecting 45% of the US population.2 Accordingly, and seemingly overnight, long established methodologies had to be abandoned to continue teaching students suddenly uprooted from their classrooms, and to meet the mental health needs of a population rocked by a severe stressor. Online platforms offered easily scalable solutions that may have made the difference between students graduating on time or not, and patients suffering alone or finding support. Studies will ultimately determine how successful this transition has been and how well the remote backup has worked compared with the conventional “gold standard.” Meanwhile, pre-COVID-19 research into MOOCs and digital therapy platforms offers important insights into the newly indispensable worlds of online education and therapy. 
Overall, that body of research suggests great promise but highlights, rather consistently, a dramatic attrition problem; one that has parallels and roots in broader online psychology, where inattention and weak ties to content and relationships are characteristic. A better understanding of attrition in that context is crucial to the successful adoption of online learning and treatment during, and beyond, the pandemic, and should stimulate collaborations between two suddenly central fields that have much more in common than has been acknowledged.

MOOCs
Much hope rode on Massive Open Online Courses (MOOCs) when they became available in the early 2010s, including the possibility of making education globally accessible.3 Bringing together star educators, user-friendly platforms, and no to low participation cost, they offered the possibility of democratizing education like never before. The “seal of approval” implied by partnerships between nascent MOOC startups and prominent universities—Stanford with Udacity and Coursera; Harvard, MIT and UC Berkeley with EdX4—further contributed to the notion of a pedagogical revolution in the making.  

Theoretical Background
MOOCs came about at a time of questioning of existing educational models and a realization that old methods may no longer be well suited to today’s learners, information repositories and modes of communication.5 The 2007 “Kronberg Declaration on the Future of Knowledge Acquisition and Sharing” issued by the UNESCO advocated a more learner-centric philosophy that focused on learners interacting directly with educational material as the instructor receded to a less directive role.6 Similarly, “connectivist” theory encouraged plugged-in learners to engage directly with online information as opposed to traditional teacher-to-student transmission. By leveraging technology to translate nascent education theories, MOOCs—whose very name emerged from a 2008 conference on connectivist learning7—seemed to embody the move toward learners taking charge of the learning process.

Components and Topics
Specific MOOC components vary, but features include a combination of recorded and live video lectures; online readings; forums for student-to-student and student-to-instructor interaction; assessment modules (typically, peer-to-peer or auto-graded); and social media links for discussion.8 No topic seemed off limits to the format, from computer science to social sciences, arts and humanities, business and accounting, mathematics, agriculture, biological sciences, engineering, environmental science—and education itself.9 

Attrition
Seemingly independent of components and across subject areas, however, MOOCs have suffered from dramatically high attrition rates, a fact that has compromised the ambitious goals that propelled their initial deployment and growth. In one study of 155,000 learners who registered for “Circuits and Electronics,” the prototype 2012 MIT MOOC, only 4.6% completed the course.10 A comprehensive 2018 study of all courses taught on edX by MIT and Harvard since then revealed how little had changed despite six years of research and investment in course development and user engagement.11 The study covered 565 course iterations with a combined 12.67 million course enrollments and 5.63 million learners. Completion rates ranged from 3.13% and 5.91% across all academic years. Among learners who reported an intention to complete, completion rates varied between 11.51% and 17.74%. Further, the vast majority (88%) never returned to enroll in another MOOC, suggesting possible dissatisfaction with the learning format or process. Finally, the growth in MOOC participation was concentrated almost entirely in the world's most affluent countries, a finding encountered in other research12 and that challenges the notion that MOOCs would bring education to the deprived margins of global higher education.  
Another study analyzed 36 MOOCs offered by Stanford University in collaboration with Coursera between 2011 and 2013, and covering computer science, mathematics, politics, science and health.13 Among the 120,861 learners tracked, 46% were “non-starters”, i.e., did not explore the MOOC in any way after enrolling. Activity decayed rapidly initially, then more slowly, with only 17% of enrollees watching the last video and 8% taking the last quiz. The number of students participating in any way at the midpoint of the course was approximately 25% of the original cohort. “Auditors” who only watched videos and “engagers” who watched videos and took quizzes, showed similar attrition patterns, leading the study researchers to conclude that attrition is a “deterministic” feature of the medium. 

Digital Therapy	
A similar story is told by the technology-enabled platforms that have been explored in mental health treatment. Many features have made them particularly appealing to patients, providers, public health authorities, insurance programs, and investors: scalability in the face of severe provider shortages; reduced need for physical examinations and laboratory tests in mental health treatment; the stigma that still complicates visits to mental health clinics; and diagnosis-specific obstacles to visiting treatment settings, such as OCD-related contamination fear or social anxiety disorder.14 
Technology-enabled platforms used in mental health vary greatly and encompass self-help digital therapy platforms with minimal or no support from a therapist; video-based therapy via webcam; virtual reality therapy, which reproduces feared environments to desensitize patients, including to height, flying or other phobias; “serious games”, or video games with a therapeutic goal, such as “brain training” to protect memory; and artificial intelligence therapy, which uses machine learning to simulate an in-person therapist.14 These interventions differ in the degree of support offered to the user; the technology platform used; the theoretical framework behind them (“cognitive behavioral”, “exposure”-based, “psychodynamic”, or other); and whether they target individuals, couples, families or groups.15 

MOOIs
Among technology-enabled mental health treatment interventions, digital therapy platforms are the oldest and best studied. These programs are also the platform that resembles most closely the MOOC experience insofar as they tend to be self-paced, with or without brief interactions with a therapist or facilitator, and are easily scalable. The concept is so aligned with MOOCs that it has been termed Massive Open Online Interventions, or MOOIs.16 Like MOOCs, digital therapy platforms were heralded as a way to “democratize” care and solve once and for all stubborn shortages and inequalities in mental health treatment access. 

Attrition
As with MOOCs, attrition has helped deflate the dream of universal access to mental health care via digital therapy platforms. Defined as termination at any point between registering for online treatment and completing post-treatment questionnaires,17 attrition was already so well documented by 2005, that it warranted its own “law”—the “Law of Attrition.18 This was in part inspired by two studies, one involving a 12-session online digital platform to treat panic disorder (“Panic Center”),19 and one involving a five-module online intervention for depression (“MoodGym”).20 In the Panic Center study, the use patterns of 99,695 visitors to the portal were analyzed. Among the 1,161 who registered, only 12 (1.03%) completed the program. Among all the challenges encountered in introducing and testing this new treatment, the researchers described attrition as “the most notable problem”. Similarly, among the 19,607 registrants who sought out MoodGym to treat depression, only 97 (0.5%) completed the intervention. 
	
The Larger Context
The retention challenge encountered in MOOCs and digital therapy platforms mirrors online behaviors far from these fields. A look at broader online psychology helps contextualize this and shows that distractibility from an online task may be a feature of the medium itself, rather than specific to online learning or clinical care. 

Reading vs. “Surfing”
Before learning or treatment became realistic online goals, other online activities showed a similar tendency toward limited user commitment. Readers of online content, for example, have long been seen as ﬁckle, easily distracted by better online opportunities, and much Web development has focused on decreasing “bounce rate”, increasing “dwell time”, extending “scroll depth”, and shrinking “time between visits”.21 In an early study of the reading patterns of scholars consulting the British Library’s online stacks, 60% viewed no more than the first three pages of an e-article.22 Rather than committed or in-depth, the researchers’ reading was described as “promiscuous,” “volatile”, “squirrelling” and “bouncing”. Lay readers of popular online content are no different: 38% of Slate readers who land on a story spend no time at all engaging with it. Of readers who do engage in some way (such as moving the mouse pointer on the page), 5% never scroll beyond the very top of the page, and most scroll to only about the 50% mark.23 The early adoption of “surfing” to describe engagement with the internet still captures this tendency rather well. 

Inattention and Online Psychopathology
It is also notable that Attention-Deficit and Hyperactivity Disorder (ADHD) is very commonly diagnosed in individuals with Pathological Internet Use (PIU) (aka “Internet Addiction”), broadly defined, and the video-game-focused Internet Gaming Disorder (IGD). In a review of 20 large studies, 100% of the studies reported a significant correlation between PIU and ADHD.24 Another review explored the association between IGD and co-occurring psychological disorders in 24 studies. A significant correlation with symptoms of ADHD was reported in 85% of the studies.25 This points to inattention as a recurrent finding in individuals with diagnosable internet-related psychopathology. But, while most internet users do not suffer from PIU, IGD or, indeed, ADHD, their behavior, as described by research such as the reading studies, consistently suggests difficulty sustaining attention in the online environment. (The literature on overconfidence in online multi-tasking abilities can be understood to support this point.26) Some degree of attention span compression seems to characterize the spectrum of online experience from the casual “surfer” or multi-tasker to the “problematic” user or “addicted” gamer. 

Loose Online Ties
The difficulty attending to online content has a parallel in the weakness of the bond in many online relationships. The average number of Facebook “friends” was 338 in 2014, according to a Pew Research Center study marking the social network’s 10th anniversary.27 There is no doubt that, in their brief history, social media have dramatically extended the reach of people’s social circles, including by helping users form new relationships or revive old ones. Indeed, the decades-old “strength of weak ties” sociological theory28 has found new life in the social media age by highlighting the importance of weak ties in bridging together closely knit groups that enjoy strong ties within them but that would otherwise have difficulty connecting with other closely knit groups. But the popularity of functionalities such as “unfriending” and “blocking” or behaviors such as “ghosting” suggests how low the level of investment in many online relationships can be.29,30 Data are scarce, but one study of 1,137 social media users found that Facebook “unfriending” was easily triggered and not necessarily the result of clearly offensive or hurtful behavior:31, 32 64% cited “unimportant” posts as their reason for unfriending someone, compared with 34%, 26%, 13% and 12% who cited “too many posts”, “political posts”, “sexist posts” and “racist posts”, respectively. In other words, a major breach of friendship rules was not required to end many social media friendships. Online friendships are easy to accumulate but seem just as easily terminated. 

Putting It All Together 
The loose ties in online relationships, the attentional problems accompanying online disorders, and the distractibility vis-a-vis online content may not be fundamentally dissimilar from the problem that users have sticking to MOOCs or digital therapy platforms. A difficulty committing to processes online may be a “deterministic” feature of internet-related technologies, one that transcends the specific online activity. Its end result may be to limit the benefit that can be drawn from valuable online offerings, including in education and psychotherapy. The neurobiological underpinnings of this are far from clear, but research into Internet-related psychopathology suggests effects at the level of connectivity between brain areas33, white brain matter integrity,34 cerebral blood flow,35 and dopamine transmission.36    

Enhance Motivation to Encourage Retention 
Attrition in online education and treatment is important to understand and to try to minimize, in part because greater exposure to program content would be expected to increase benefit. Insights from organizational psychology may prove helpful here, especially around enhancing adherence motivation by focusing on factors that influence it, such as collaborative goal-setting between user and educator/therapist; performance monitoring; "social presence” by the educator/therapist; an educator/therapist who is seen as "legitimate"; the nurturing of a bond between the user and educator/therapist; and “psychologically inclusive design” that builds programs representative of a broad audience of users.37,38  
Along these lines, and while there are no established ways to reduce dropout rates in digital therapy platforms, several modifications have been suggested, including allowing more opportunity for even brief contact with therapists. Indeed, evidence suggests that, when it comes to digital mental health interventions, the greater the therapist involvement, the more effective the intervention.39,40 Similarly, “hybrid” or “blended” MOOC models that incorporate in-person contact with educators have been suggested to improve retention.41,42 

The Need to “Bond”
The absence of a meaningful “therapeutic alliance” or client-therapist “bond” has been hypothesized as a reason for poor adoption and high attrition in technology-enabled treatment interventions overall,43 including the video-enabled psychotherapy platforms now very popular post-COVID.44 It is possible that the absence of a live interlocutor who encourages patients and holds them accountable for missed appointments or incomplete therapy homework, or whom patients do not want to “disappoint” by dropping out of therapy, plays a role in attrition. The same argument can be made regarding the lack of a present and fully engaged educator in the MOOC experience. 

The Paradox of Charging
The lack of a meaningful financial investment into MOOCs and digital therapy platforms may also play a role in attrition. Many MOOCs started as free offerings and remain free or easily affordable. This is also true of many digital therapy platforms which, even when not free, are much less costly than office-based treatment. Ironically, though, as it “democratizes” education and treatment and as it reaches disadvantaged groups, affordability might also decrease commitment to MOOCs and digital therapy platforms since there is little to lose, financially, from dropping out. Data suggests that MOOC cost correlates with attrition and that charging for online courses may help.45 Relatedly, issuing completion certificates, for which MOOC platforms usually charge, has been described as another promising retention strategy.46 

“Gamification” to the Rescue?
Finally, a more interactive interface can be seen as more engaging and, therefore, less likely to lead to attrition. This "gamification", however, does not seem to have led to a substantial increase in adherence: For digital therapy platforms, there does not seem to have been a substantial decrease in attrition as programs moved online from the comparatively "boring" CD-ROM progenitors. Similarly, MOOC retention has not improved as internet functionalities expanded and “bells and whistles” were added.47

Attrition, an Imperfect Measure
Still, all is not lost.  Attrition may not be the right standard by which to judge the success of MOOCs and digital therapy platforms.48,49 For example, in attrition literature, user intent is often ignored.50 Compared to university students who typically enroll in classes with an explicit interest in earning a credential, MOOC registrants may be interested in sampling whether a topic is worth pursuing in depth; may be interested in a single lecture out of a multi-lecture MOOC; or may be curious about online education in general. A similar distinction may operate between users of digital therapy platforms vs. conventional therapy (e.g., out of a comprehensive digital therapy offering, a user might only be interested in one module’s topic). Therefore, it would be too simplistic to approach MOOC and digital therapy attrition percentages as the conceptual equivalents of the drop rate metric of traditional college courses or the “loss to follow-up” criterion of conventional clinical care.
Further, given the low barriers—geographic, financial, technical, etc.—to entry and the easy scalability of these systems, low retention percentages can still, if enough people enroll, translate into robust absolute numbers of completers. For example, at a 1% retention rate of 10 million people, 10 thousand people will complete a course or an intervention using a mass open online format; the same number of people would otherwise take years to educate or treat with conventional methodologies and would require large investments in resources. 

The limits of “reach many, retain a few, benefit some.”
But the argument of “reach many, retain a few, benefit some” is not without its flaws; mass-targeted courses and interventions with limited benefits due to high attrition may have adverse clinical, social and economic consequences.  First, even if those who complete a MOOC/digital therapy platform are more likely to benefit from it, we still do not know what its effects are on those who drop out: did they not need the course/intervention in the first place, did they get inspired to seek alternative ways of education/care, or were they put off altogether from learning or seeking help? Moreover, do public or private organizations that offer MOOCs/digital therapy platforms consider them as a stepping-stone for improving access, or as a way of absolving themselves from responsibility, because learning or health improvement rests with the individuals who take up and adhere to the offered course/intervention?
Second, the cost of developing, updating and maintaining a MOOC/digital therapy platform may appear small when divided by the number of people it can reach compared to doing so with teachers or therapists; however, value for money should be determined not by the absolute cost of MOOCs/digital therapy platforms, but by comparing their combined costs and outcomes with the combined costs and outcomes of their alternatives. Such outcomes should be measured for everyone who “registers” with the course/intervention rather than only for those who complete it, and the costs should include resources that people may use in addition to the costs of the course/intervention itself. Small benefits for small intervention costs may not confer good value for money compared to more costly but more effective alternatives when the masses of those who drop out end up getting worse over time or use more resources. In this respect, the “smaller-reach, better-retention” person-delivered courses/interventions may offer better value for money than the “mass-reach, high-attrition” of MOOCs/digital therapy platforms. 
Third, MOOCs/digital therapy platforms may reinforce the “inverse care law” by reaching those more motivated or more privileged. Milder symptoms, better access to technology, and greater social and professional support can help people make better use of an online course or intervention, whereas more severe symptoms, limited access to technology, and inadequate personal support may contribute to drop out. Introduced by Julius Hart in the 70s as a criticism of market-driven healthcare systems, the inverse care law51 still captures the notion of health inequalities in the provision of care around the world.52 MOOCs/digital therapy platforms may promise greater reach, but at the same time may not reach or benefit those in greatest need. Sadly, there are already indications of this in the provision of education and telehealth services during the COVID-19 pandemic.53,54 
On the flipside, MOOCs and digital therapy platforms may be valuable as a population-wide education and health initiative, in spite of their high attrition, on the assumption that they lead to incremental change across populations and over time. This, in turn, can shift the whole population distribution in a more favorable direction. For digital therapy platforms, this is analogous to public health tools meant to prevent heart attacks by encouraging blood pressure-reducing habits like exercise and physical activity in entire populations.55 If digital therapy platforms improve mental wellbeing across the population, they can potentially reduce the number of people with mental health problems. In this case, greater population reach would translate into a positive shift in mental health outcomes.

Future Directions
	The COVID-19 pandemic has brought online education and online treatment into the lives of many people who may otherwise have ruled them out or not had an opportunity to consider them. While their adoption in many cases may have been abrupt and not entirely voluntary, it is likely that some elements of remote teaching and healing will remain in use after the pandemic passes. To maximize the benefit that can be expected from these platforms, it is important that we learn from the well documented attrition and other challenges associated with MOOCs and digital therapy platforms. Although what is being offered in the COVID age by way of online education or therapy does not typically meet the definition of MOOCs or digital therapy platforms, an understanding of the lessons borne out in research studies into those should help us develop educational and therapeutic content that is more accessible, engaging, supported, inclusive, and cost-effective. 
Finally, for two fields that have studied similar platforms and investigated similar problems, there has been little “cross-fertilization” and little benefiting from each other’s experience. It is important that these branches of scholarship that are suddenly so central collaborate around shared challenges, for the benefit of their millions of users.  
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