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Miho Tanaka:	Good afternoon everybody. I’m Miho Tanaka, the Scientific Program Manager for Healthcare Informatics, here at HSR&D Central Office. Thank you so much for joining today’s exciting Cyberseminar. Today is the first of many cyberseminar series on innovation in healthcare informatics. We launched this cyberseminar series about four months ago and we have been having monthly cyberseminars. Today we will have Dr. Holly Jimison, who is a professor at the Bouve College of Computer & Information Sciences at Northeastern University.

I met with Dr. Jimison when I was working at the National Cancer Institute. At that time, Dr. Jimison was the Scientific Advisor to NIH Office of Behavioral and Social Science on loan from OBSSR and she was advising OBSSR about direction of future informatics as well as behavior and social science research. I am glad that Dr. Jimison accepted my invitation to today’s Cyberseminar series and she is going to present very interesting research work she has been doing. The title of her presentation is Making Sense of Essential Data 

Holly Jimison:		Thank you so much, Miho. I’m really honored to have a chance to talk with people from the VA. I recognize that you are really world leaders when it comes to technology and interventions for out of home care, disease management, health intervention, and what I want to concentrate on today is the new development of sensors and technologies and how to use computational modeling to make inferences about patient states and improve the scalability and effectiveness of potential health interventions to the home.

I first want to acknowledge my funding and also say I have no conflicts of interest. Much of the work I’ll be talking about today is collaborative with Oregon Health & Science University, where I did my original studies and much of the intervention work will be from some of the patients that we had there. I also worked with University of California at Berkeley on the interactive exercise topics I’ll be talking about.

First, I want to start though with a polling question, just to see who is in the audience. It would help me to know how many are clinicians, how many are technology experts, how many are in research or perhaps management and finance and please check all that apply…just so I can get a quick feel for who is out there. 

Unidentified Female:	Responses are coming in nicely. I’ll give everyone just two more moments before I close this out here. Looks like things are slowing down. I’ll give you all just one more moment. Okay, it looks like we’ve stopped and what we are seeing are 40% clinician, 6% technology people, 67% researcher, 6% manager and 13% other. Thank you everyone for participating.

Holly Jimison:		Thank you. One more before we really get started…I do have a bit of math and I just wanted to know generally real quick how comfortable are people with the math? I can get by very easily without concentrating and I’ve tried to take most of the equations out but we are talking about computational modeling and I can highlight just the concepts if needed.

Unidentified Female:	Sounds good. Responses are coming in nicely. I’ll give everyone just a few more moments here before I close things out. It looks like we’ve slowed down here. What we are seeing is 0 saying they hate it, 8% uncomfortable, 36% okay if needed, 23% like it and 34% bring it on!

Holly Jimison:		Wonderful…that’s wonderful! Okay, thank you so much. The emphasis here today is we have so many new sensors. Especially though, it’s the young people that seem to be wearing them…the people that are most healthy and most of my experience has been with older adults…those who are trying to age in place, remain healthy enough to be independent and have good quality of life. In general, what we’re seeing is we can aggregate so many different types of sensors and the data that goes with it and this is really what I call big data because it’s highly variable, lots of volume and variety is the key issue her. You sample at different rates. You can use the mobile phone, or computers and aggregator, and the idea, as you do at the VA…you might have a Nurse Care Manager looking at summarizations of the data and delivering tailored interventions to the home. 

Now, it helps people when they think about putting sensors on their patients or asking patients to monitor themselves at home, to maybe have a feel for what it’s like to monitor yourself. If you can quickly tell me, do you monitor yourself at home and if so what types of monitoring do you do? I have activity monitors like Fitbit, Nike FuelBand, any of the heart rate monitors…there are other ones for sleep quality…do you even monitor your weight? There are Bluetooth enabled weight scales, Bluetooth enabled blood pressure cuffs…or do you do it at work? Blood glucose for example, if you have diabetes and certainly there are others but if you can quickly give me a feel for if I can understand how many people monitor themselves. 

Unidentified Female:	And the options here are if you monitor activity with a Fitbit or other device like that, sleep quality, weight, blood pressure or blood glucose and please check all that apply. Responses are coming in. I’ll give everyone just a few more moments to fill that out here before I close the poll question out. Okay, I’m going to close this out here. What we are seeing is 48% saying they monitor their activity, 17% sleep quality, 57% weight, 24% blood pressure and 4% blood glucose. Thank you everyone.

Holly Jimison:		Thanks so much. That really helps me. This is higher than what we see in the general population by quite a bit. Very, very interesting. What I’m going to do for a moment is review some of the sensors that are out there, some of the new ways that people are collecting data in the home. Many of these are fairly consumer oriented but they’re also available for clinical purpose when you’re trying to aggregate different kinds of data perhaps in a more convenient way. 

For example, this iPhone case is an FDA approved ECG device. Especially when people are resting and still, it can get a very clear ECG reading. Another way that people have used the phones in the past are for what’s called ecological momentary assessment and leading to ecological momentary intervention. Basically, it’s just a quick way to use a cellphone to get just in time feedback. This is kind of a silly example but this is for reporting exactly when you have headaches and how bad it is and helping create a diary. There’s many times that you would want to use the ecological momentary intervention if you’re trying to help people adhere to their health goals and be able to give them just in time advice as well as assessment. Phones are also currently used quite often for blood glucose monitoring or peak flow meters or whatever and have a variety of ways of giving feedback to consumers. Many times these are used clinically as well. There are readers for taking a look at a medication and getting just in time information about that medication and several sensors are actually built into mobile phones now. Other examples: iPhones have noise sensors. You can use this for snoring at night and understanding noise levels for sleep proximity sensors. The phones actually detect the face when using a touchscreen and they disable it when putting the phone to the ear, acknowledging an alarm by waving your hand in front of the phone, you can turn the phone into silent mode by turning it face down…I bet many people didn’t realize that, at least with the iPhone. This happens with many of the other phones; I’m just using this as an example. You can automatically turn the speakerphone on by moving the phone away from your ear during a call and off when you move it to your ear. Phones often have ambient light sensors, accelerometers are built in…that’s how they are able to do some of these twisting and detection of when the phone is turned up or down and as well, an important one for many applications is GPS to get location. These can relate to sleep management, understanding context, the awareness of the person etc. The phone can also be an aggregator of several different sensors and these are just a sampling. 

I don’t mean to promote any particular brand. I wanted to give you a feel for what many of you are already incredibly familiar with…things like the Nike FuelBand and Fitbit. Fitbit now has the new charge system…the watch band that actually measures heartrate and gives much more detailed information. These sensors are always getting better almost monthly. It’s very hard to keep up with this. There’s a body of media armbands that looks at, besides physical activity like the others, infers calories, steps, heat flux, skin temperature, galvanic skin response if you’re interested in monitoring stress and for many of these, I should mention heartrate variability is becoming a very important measure for stress. It can distinguish between the parasympathetic and the sympathetic nervous systems and make inferences when you’re in stress, when you’re doing exercise and especially during sleep…looking at the amount of stress recovery.

These are very new areas. When you put together galvanic skin response with heartrate variability and perhaps voice affect over the phone, you have very new measures that can be clinically relevant. Other risk devices…the Basis B1 Watch gives heartrate and respiratory rate besides the 3D accelerometers that the others have…body temperature, ambient temperature, GSR (now usually called electrodermal activity). The new Apple watch also has heartrate now and activity inference. They try to give people…probably where Apple will excel is giving the feedback in the kind of display that you see in the diagram there. Much needs to be done in how to present information back to the individuals to make it useful, especially in a just in time way to help change and improve health behaviors. 

There are environmental sensors out there...and we’re all familiar with, on the web, getting alerts…asthma alerts from the environment. That can be converted into interventions with people with asthma but in addition, there are new sensors to detect cigarette smoke, for example…in the home. This particular sensor uses a polymer film to collect and measure nicotine in the air. It’s not even just smoke detection but actual nicotine and it helps link to smoking cessation systems. There are other…a variety of people make sensors like this where there is pressure sensors in footpads that can help understand weight distribution and motion and finally, a type of headset. This is one of the clunkier ones that Imec makes but we might want to be thinking about realtime measurements of EEG. There are some very simple ones that are on headbands that they sometimes use for sleep monitoring so you can distinguish between REM sleep and deep sleep. 

There are also many applications for inferring cognitive load from these EEG measurements and also transcranial electrical stimulation (direct current)…very low level, but that’s been used in learning both with kids and now many other experiments in a variety of populations. It’s been shown to help children learn math. Many possible applications in the future but you might see more…there are some caps that are incredibly cumbersome but in the future we might be able to get away with fewer electrodes, dry electrodes that don’t have to be placed completely accurately and have an ability to make some inferences about attention and cognitive load and in helping people as they’re interacting with computational devices. 

Now generally, I may not need to motivate this group because the graph on the right…the pie diagram, shows that even when you’re talking only about premature mortality, behaviors account for at least 40% of the causes of this premature mortality and certainly, when you start to think about quality of life or diseases that are chronic, the health behaviors are quite often more important than the drugs that we recommend as part of the treatment. We’re not taking advantage of some of the health interventions that are known to work but are not routinely part of standard medical care and technology can really amplify and improve the scalability and effectiveness of these health interventions as long as we’re able to use the technology to tailor the materials. That’s been shown to improve effectiveness, provide timely advice not requiring people to come into the clinic once a month or once a week but timeliness…when they need the help and feedback, and extend the reach of what I’m calling a coach. 

Typically, in a clinic you’re going to have a Nurse Care Manager but most of the techniques that are required for making these health behavior changes that are non-medical like diet, exercise, sleep management if you’re doing this without drugs, and many of the things that help depression, cognitive function…mainly are health behavior change and the front person can be a community health worker familiar with the population, it might be a coach that’s specifically trained in motivational interviewing and help behavioral change. 

We know from evidence that when you are developing coaching technologies it’s important to have shared goals, incorporating the patient preferences. It may be that by first assessing risk factors that smoking is the most important thing to change but they’re not ready to go there yet. They want to work on some smaller successful step. We need to have systems that allow for incorporating patient preferences. We need to use what we know about these behavior change models and assess readiness of change, motivations, triggers, barriers, self-efficacy or competence and also to tailor the interventions based on those types of variables and provide a tailored action plan with tailored messages and feedback. 

Another point where technology is so important is that if there is ubiquitous monitoring-continuous monitoring, not just when you come into the clinic but in the home, you’re able to provide just in time information and also assess over time how well your individual client or patient is doing.

Examples I’m going to go through today are mainly from previous work that I did in Oregon with the Oregon Center on Aging & Technology. What I’d like to emphasize is there’s a whole new world here now when we can think of behavioral measures and what I’d like to call behavioral markers. We’re familiar with biomarkers, genetics, blood tests, physiological function but now with these new types of sensors in the home we have an opportunity to monitor behaviors. Many of these behaviors are clinically diagnostic and important in monitoring effectiveness of the intervention. I’ll try to give some examples of possible new areas. 

We’ll look at activity monitoring in the home like activities of daily living, cognitive monitoring mainly through our adaptive cognitive computer games but also things like motor speed which the “get up and go test” is a standard neuropsychological test…how quickly you can walk. We can measure walking speed in the home and in addition, the finger tap test is a motor test of how quickly you can move finger up and down…again, very diagnostic neuropsychologically and this we can infer from typing speed of login and passwords and look at that where the subject is their own control over time. It’s now very easy to measure sleep quality in the home and have tailored interventions that are actually…this type of monitoring is much more representative than bringing people into the Sleep Lab, where they’re hooked up with so many monitors and sleeping in an unfamiliar place and it’s also one day in the life, as opposed to looking over time what’s happening with sleep. Again, very inexpensive and potentially important. Sleep has been under-represented. It’s not really one of the activities of daily living. It highly influences cognitive function the following day. It influences depression and so many other aspects of health outcomes as well as quality of life. Socialization also very under-appreciated. It’s on par with smoking as a risk factor and generally a huge problem with older adults. We monitor that, and have all of our subjects enrolled with Skype and we monitor phone use and email use. Physical exercise is another one we’ll talk about, medication management and new ways of augmenting depression management with non-medication approaches. 

An important part of our work in the past has focused on bringing older adults into the design process. To do this, in Oregon we’ve created a living lab of community dwelling seniors. We’re replicating this now in Boston and specifically trying to look at low income urban African-American populations, Chinese-American populations and we have a large Hispanic group as well. We’ve focused on people living independently in their homes so it’s not in an artificial lab but people with sensors in their homes helping provide feedback on early approaches to providing health interventions for older adults. They become an important part of the design process.

This is a diagram of a typical apartment home, where you see the bedroom in the upper left and kitchen in the lower right. In the bedroom, we had motion sensors in the beginning. We now use embedded piezoelectric map of sensor under the sensors under the mattress pad for sleep quality. You’ll notice these older sensors that we had we’ve now upgraded and they’re more accurate but we started with very inexpensive censors you could easily buy at Radio Shack or anywhere else that were used for security and just enough to be able to detect movement in particular rooms. That could give us an idea of when someone passed from the bedroom, to the bathroom, to the kitchen and we could make inferences about context. The location provides a great deal of information about context. 

You notice the data I’ll be showing you about walking speed comes from the same sensor with reduced field of view placed in the hallway here between the bedroom and the den. With a couple of sensors…three or four sensors…we’re able to measure walking speed repeatedly through the day. This becomes an incredibly important diagnostic tool potentially. Much work needs to be done. We also, in many of the homes, have contacts, which are in the microwave, silverware drawer, refrigerator just to infer eating behaviors. We don’t see food to mouth or exactly what’s being cooked but we know what’s normal for that person. We know there’s normal eating activities. there’s a contact switch sensor at the front door to infer when people leave the home. Again important idea for socialization…when they’ve gotten out and about as well knowing activities in the living room.

You see a medication dispenser in the lower right. I have some images and this is a Bluetooth enabled medication dispenser. We know when each window is open. Some of our homes have a camera beneath where a coach or family member can help with the dispensing. They see what’s going into each of these compartments and as well can have a quick view of how medication taking is going throughout the week and are able to make inferences about that. 

We have some papers on understanding legitimate pathways from room to room and how we can infer context from most simple motion sensor data. In fact, if we start looking just at motion sensor data for a year throughout time, this is one patient where day one is the center point and a year later is the far outer perimeter of the circle. Green dots reflect activity in the bedroom, red bathroom, yellow living room, black front door and pink kitchen and midnight is at the top with noon at the bottom. You’ll see this person goes to bed maybe 10:30 or 11:00 at night, sleeps through the night and gets up around 7:00 generally. Now, sleep quality you’ll notice was very good in the first six months…very restful, and suddenly got worse. This is something that can help us in deciding how to put thresholds and make inferences about sleep quality that has to be referenced to a particular individual’s normal patterns. In fact, what else you can look at is it’s normal for this person to be in the kitchen breakfast, lunch and dinner…more sporadically at dinner…the time is different usually there. We need to understand variability as well as what’s normal. For example, another patient…very same kind of plot…this one has poor sleep quality throughout and we can make estimates about sleep quality and talk about whether our interventions will improve this type of sleep quality or not. Also, this particular individual lives in a residential facility and goes to the cafeteria every breakfast, lunch and dinner…has a very standard wakeup time, lots of activity clearly in the bathroom at the particular time of day and in and out of the front door at very regular times. This type of plot will be very different from one person to another depending on whether they live in a facility like this or in the home. 

This type of visual display helps us create algorithms where we need an understanding of what’s normal for a particular individual before we start creating alerts. One of the benefits of having very good algorithms with an understanding of norms and when to provide alerts is we are able to have a system of graded alerts since we enroll family members and informal caregivers as part of the team and have them enrolled to be included on the socialization intervention but also I’ll be showing some displays that we can provide for family members.

Now, I’ve mentioned talking that gait measurement or simply walking speed can be so important diagnostically in the future and wanted to give you a quick feel for what we can obtain with motion sensors on the ceiling in a hallway, where somebody is not going to be hanging about loitering in the hallway but moving repeatedly perhaps with different speeds depending on the urgency. Generally, by looking at individuals as their own controls, you can look at variability and get a good estimate of their walking speed by having multiple points of data. 

For example, this was an individual who was followed from December 2007 to December 2010, so we have a three-year period of walking speeds every day. Time is on the X axis, velocity or speed of walking in centimeters/second is on the Y axis and what you see in the colors is a density plot where the warm colors reflect the peaks of the distribution. This person walked nearly 80 cm/second early on, something happened here and slowed down, but had a stroke around November 2009. Walking speed clearly decreased and then leveled off. Something similar happened back around August 2008, though and was undiagnosed. It would be very interesting to have been able to detect that and investigate that further. 

As another example, a separate individual has a steady decline in walking speed. Again, starts off almost 80 cm/second and declines. This individual was diagnosed with cognitive impairment where the arrow is there but the trend…one of the hallmarks of onset of dementia is a reduction in walking speed. If you compare people to the general population you can’t be nearly as sensitive as looking at the own individual control and looking within subject trends. This could have been diagnosed or alerted at a much earlier point in time.

Now, in general, creating the design requirements for using this type of data in coaching assessment technologies has required a needs assessment and we’ve done focus groups with older adults and their caregivers, we’ve interviewed stakeholders, the payor, the formal care givers, policymakers and also industry in looking at technology assessment and interoperability standards. All of this is important in trying to make a robust health-coaching platform. One of the reasons we were recruited to Northeastern University is to start a consortium for technology and proactive care to be able to share an updated version of a health-coaching platform and these structures, and try to coordinate research in the field. I’d love to talk with more of you at a later point in time if you have suggestions for us or would be interested in collaborating. We’re trying to work with a variety of institutions internationally even in coordinating efforts on data security in this type of work, data privacy models as well as approaches for best algorithms, understanding context and inferences and sharing approaches and coaching platforms. 

The resulting design recommendations that we’ve tried to implement is to provide tailored action plans, provide ubiquitous home monitoring, decision support for all stakeholders including the nurse, the coach, the family members and formal caregivers and to make each person or each stakeholder an important part of the healthcare team. We used use cases in our early design and decided to focus on cognitive exercise. We have a suite of cognitive computer games I’ll describe, physical exercise, interactive video exercise, sleep management…and these are all lifestyle interventions that are not handled typically with standard medical clinic visits. 

To make this scalable it needs to be remote, low cost healthcare workers with important roles, it needs to be just in time and there has to be a continuity of care, not based on clinic visits. We’ve made an effort to incorporate what we know are known principles of health behavior change and incorporate them as variables that we assess and monitor over time. We’ve tried to make our interfaces for a coach to be able to be used by lower cost personnel that may be more familiar and trained like community health workers, to interact with particular populations of interest. An important part and aspect of our approach has been to integrate the family and informal caregivers. 

What’s important here is that we have a platform for testing sustained interventions that could be used by a variety of researchers. We try to make wise use of the face-to-face time. It's important to build repore with the human coach and then use Skype wisely with video whenever they’re starting a new module, phone interactions when necessary but supplemented by automated or semi-automated messaging that’s based on our AI approach to delivering tailored health messages. We do this through a dynamic user model where based on behavior change variables and what we know about the clinical conditions and preferences, we also monitor activity and context from the sensor data and I’ll try to describe that.

This is a flow diagram of the type of information that’s required when you have a dynamic user model. You see in the top middle here, the dynamic user model understands current goals of the patient, current motivations and barriers, their state of change, their cognitive level, things like literacy level are assessed in the beginning and we get health status, their initial goals and barriers etc. It’s the monitoring data that’s coming in that updates the dynamic user model either from monitors or self-report and then we have a large message database with greetings, sample greetings, feedback messages that are selected based on what we’ve seen in the updates in the dynamic user model trigger pulling of message, and creation of messages from this message database that gets delivered to the coach for possible editing and then sent to the patient. We’re still working on what we see at the left…the family interface.

When we studied our ability to provide automated messaging or what we’re calling semi-automated because the coach can update it, we looked at the coaching efficiency with and without assisted messaging. The way we did this was to take six trained health coaches where health coaching was their standard profession. We needed to train them in the use of technology and the technology would provide them with information of a sample of 10 patients simulated and they could either handcraft the message in one system or start with an automated generated message in the other system…other versions. We had four coaching sessions for this panel of 10 patients, half using the automated system, half using the manual system and they were crossed over to alternate after system use. The efficiency improved of course, with semiautomated systems. Many coaches did not even change the message that went out. It cut the time nearly in half and the quality of the message as judged by other coaches and also our living lab patients were equivalent. Sometimes they felt the automated message was preferred. Many advantages to having a very clear representation of the past and also for future recommendations.

Now, our participant homepage…we originally had all our participants using a desktop computer. We now in Boston have switched to iPad and phone interfaces but the idea was to have at least weekly messages from the coach, representation of the action plan, featured new stories for the activity of interest and the ability to use modules. In the past, we’ve tested physical activity, sleep, socialization, novelty and our cognitive gain.

For physical activity, we’ve started with simple YouTube videos and took the motion sensor data to verify that there was actually motion while they were watching the video and we were able to track usage. Beyond that, we have now a series of interactive video exercises that give immediate tailored feedback because they are being viewed by the connect camera with real-time interpretation of the movements and can either say elbows back, reach higher or give messages of encouragement and positive feedback. This is our physical therapy personnel on the team here who had created the video. She is the author of books particularly for older adults. We have prerecorded video clips for these tailored exercises. 

Now, in addition to providing using this type of data and feedback for real-time feedback, we are also monitoring balance, flexibility, strength and endurance over time. At the end of each session we have collected information on balances, the get up and go, getting in and out of the chair or the balance/flexibility at each joint and have the ability now to make physical function assessments in real-time with the use of the connect camera. 

The sleep module…again, I mentioned that we’ve moved from measuring sleep quality with motion sensors to now using a piezoelectric sensor under the bed. It’s important to first assess whether the sleep problems are due to sleep hygiene issues like the TV being on, lights in the room, noise levels, exercise before bed or is it due to anxiety in which case we recommend relaxation, YouTube videos or just at bedtime relaxation techniques. Or is it a circadian rhythm problem where we can detect if they’re napping during the day or up and about at night going from room to room. This kind of feedback is so important as you’re trying to look to see if your interventions are actually improving sleep quality.

For socialization, again I was saying that this is a very underappreciated type of health problem. We enroll family members and provide everyone with webcam and Skype software to connect with the family partner but this was viewed by our participants in several studies as being the most compelling complement of our suite of interventions. Quite often, they would go on Skype and not see the family member or grandchildren that we were trying to hook them up with but they would recognize people from the study group and many developed fast friendships. We had more success with the types of interventions where we would be connecting people for story groups or discussion groups online but most of the benefit came from their own initiative in seeking out people that they saw online. We were surprised but very pleased with that.

Our initial work started with cognitive health coaching and it was based on our suite of cognitive computer games that were specifically designed for older adults…things they could remember to play and were familiar with and enjoyed playing. A couple of the games you will see are word games like this. The second from the left is a word jumble that simulates looking for verbal fluency. The one called 21 Tally is a two dimensional blackjack game and we monitor not how well people play blackjack but rather can they attend to blackjack in rows and columns at the same time. It’s a divided attention that we’re trying to measure here. Next is the simple memory card game that is flipping cards to try to make matches and almost everybody was familiar with that already. That’s what we use to monitor working memory buffer length and I’ll describe that a little bit more. 

Finally, scavenger hunt is one that’s very much like the trail-making test and I’ll look at that more closely now. This has been our most successful game in simulating the trail-making test, which is a standard test…neuropsychological assessment…and probably the most diagnostic of all of them. The standard test involves paper and pencil, searching for numbers 1 to 26 in circles and drawing a line between them in order as quickly as possible and that’s called trails A. Trails B is when you need to switch from numbers to letters and in sequence to 1A, 2B, 3C. That switching of course, takes longer, and that additional cognitive load is very diagnostic. We are able, by having a search string in the white bar here of varying complexity…the easy one might be 1, 2, 3, 4 and people try to look for this search string. Within the number of circles there may be distractors or varying numbers. By looking at this, we can get a much more dynamic and careful assessment of someone’s performance over time. Again, they play this frequently and we can look at it over time and not just every six months or once a year, which is the most frequently you can do standard neuropsychological assessments in a clinic.

The model that is used to break apart the game performance is to separate out the time for recall of the next target (and that could have the cognitive load), the searching…the search time we model as a function of number of targets and number of distractors (N and D) and then simple motor speed is how long once you’ve recalled and searched…how long does it take you to actually move there? We’re measuring motor speed in many ways in both the games and for example, the finger tap keyboard interactions and the walking speed in the home. Simply through the model in the game, we’re able to estimate how well people actually do on the trail-making test. This score shows that our estimates to the R² of 0.78, which is very, very similar to test test reliability. What you see here, the circles…every patient has both a circle and a + and circles are trails A, the model trail-making score is on the X axis from the game performance over time and the actual measured trail-making score is the Y axis. You’ll  see that everyone is faster on trails A and slower on trails B, but the actual correlation…and we can predict their performance pretty well…by looking to see how they do on the trail-making game called scavenger hunt. 

Another game where we use a lot of modeling to make inferences and, again…I want to emphasize many of the commercial systems out there are just using the score on a game to look at cognitive function or try to monitor how well somebody plays that particular game overall. What we’re doing here is having them play the game, we give them a score, but that’s not what we use to estimate the underlying cognitive function. In this case, we’re looking specifically for working memory and trying to get a metric that’s very reliable and looking at an individual’s working memory ability and we’re calling it buffer length over time. This type of game, where we can vary the complexity by the number of cards on the screen and the types of symbols…in this case analog clock/digital clock matches were by far the most complicated…normally it’s just card face value, but you can monitor how many steps back would have been required to be successful on a particular move in order to complete the game at any point in time to be successful. You characterize the memory capacity by the intervening number of events, intervening time and memory load associated. With the simple memory model, where you’re correcting for chance behavior provide a survival curve. The same way if you were looking at a population and you had a clinical study and you were looking at survival statistics, we use the very same kind of modeling to get the parameters of that function that is a survival function for each individual patient as they play the game multiple times. They’re making multiple moves so it does take a bit of data and it may be context dependent but the real benefits are that you’re getting data very frequently on an individual and using that individual as their own control. You can monitor now the overall performance with just two parameters of the Weibull function. We suddenly…and we look at the shape of this curve and the parameter data…I took out the equation, but you can see that now you can represent a particular individual at a point in time with a single parameter that we’re calling the memory buffer length. Then when we can plot this over time we can look for changes in their working memory abilities. 

I want to just, before we get to medication, go back to this slide. Once you have executive function and working memory buffer length and verbal fluency measures, you can start looking at sudden changes versus long-term changes. A sudden change might be due to medication interaction…a new medicine, and that brings us to looking at medication management as another important area of monitoring. 

I showed you before a quick example of a Bluetooth enabled medication dispenser that was created by Tamara Hayes at Oregon Health and Science University and we augmented that. Don Young did some work in having a webcam beneath that particular sensor and we have the ability to display what’s in the dispensers on a day by day basis. We’re working on image automated recognition of the pills, matching them up with both what’s known from their medication list but also the pictures available in standard medication databases. We find this is really important for family members to be able to help with the medication dispensing, for coaches to check in if needed but having assistance like this can allow somebody to maintain their independence and age in place. There are many ways now as we switch to how do we display this to both the coach or community health worker, remote family members and Steve Williamson, an HD student of mine that just graduated…

Unidentified Female:	Holly…I’m sorry to interrupt. We have about five minutes left of the session right now.

Holly Jimison:		Okay, let me just quickly say this is one example of a type of display that can be used for family members and you see medication is an alert there, and getting some quick displays for cognitive health, memory evaluation etc. This usability and how best to display information is active research right now. 

I’m going to skip this polling question since we’re running behind but generally I know that people have a question about…well, what about being monitored? Quite often, you don’t want to share the data about yourself but we’re finding that people are interested unfortunately, usually at a young age in monitoring themselves for their individual use, self-investigation, primary to help in their own usually sports activities…but for older adults, we’ve found that they are willing to trade privacy for increased independence and the ability to age in place. It’s their adult children that have more of a concern. We also found that the people we interviewed were most interested in cognitive health and it wasn’t completely being addressed by standard medical care. The privacy implications that we need to model these preferences for data sharing…quite often they did not necessarily want to share the data with all of their adult children but rather one particular advocate…maybe one and absolutely not the other. It’s important to work on this area.

I just want to summarize here the lessons learned. We have new analytic models for developing behavioral markers as opposed to only biomarkers and these are derived from sensor data. We need more improved dynamic user models, tailored message generations all are key parts of this type of new approach to health coaching. Again also, just generally for protocol we need to have variety of the activities in order to keep these health interventions sustained over a lifetime. Most studies only last for a couple weeks but a lot of this has to do with maintenance phase and ongoing work. 

Just a quick summary that it’s important to make use of this ubiquitous sensor data that is newly available now. We have remote just in time continuous care to integrate the principles of health behavior change, focus on usability. I haven’t talked much about addressing culture and literacy but that’s a heavy area of interest for us. It’s important, I think, to use the untapped resources of family and formal caregivers which I know the VA is doing right now and I’d love to hear more. I talked a bit about security and privacy. 

Finally, the business model…one more polling question. One of the key issues…you’re lucky that the VA is an integrated health delivery system and has the motivation to do this right but is there a business model that you see within the VA for new things like sleep management, physical exercise, stress, depression management using the non-medical approaches that I talked about or socialization? If you could please just take a moment and check where you think the VA should be going with regard to its bottom line…this is the final slides besides funding acknowledgements.

Unidentified Female:	Responses are coming in. I think everybody is thinking a little bit so they’re coming in a little bit more slow than the previous ones but they are coming in. We are running really short of time so we’ll give everyone just a few more moments before we close this poll question out. I’m going to close it out here. I apologize for those who are still working on it. We are seeing around 73% saying medication management, 53% sleep management, 63% physical exercise, 73% stress or depression management and 40% socialization. Thank you everyone.

Holly Jimison:		That’s very helpful for me to understand and I appreciate everybody being involved. I’m just quickly showing the funding and collaborators here and I want to put my email up because I would like to follow through if people have interest or more insight, especially business model where you think new directions should be moving. Thank you again for your time, for your active participation and please let me know if you have questions.

Miho Tanaka:		Thank you Holly, this is Miho. I think this was a very exciting presentation and at this moment I think we don’t have so much sensor data type of informatics research but this is something I think we would like to explore in the coming years. Also, there is a small group of researches in rehabilitation and aging which I don’t manage in the portfolio, but there is a group looking at the issue. I think probably it’s not technology heavy yet so I think your presentation was quite timely. Thank you so much. I don’t know if we have time to take a few questions. I think it’s the top of the hour. It’s up to you Holly, as well as _____ [00:59:16]if we’re going to take questions. Thank you so much.

Holly Jimison:		Thank you. I’m happy to stay online or if somebody would like to email their questions to me directly I can also provide a phone number.

Unidentified Female:	We do have time and can take a couple on the line here, Holly…if you have time to stay or I can put them into a document and email them over to you.

Holly Jimison:		Either way; I do have time.

Unidentified Female:	Okay…do you have any questions queued up here?

Unidentified Female:	There are actually a couple questions here for you. Holly, in your research did you supply iPads and teach people how to use these tools? Some Veterans do not have access to computer equipment and may not know how to use them.

Holly Jimison:		Yes, that’s a good question. We have tried…in the previous research where we’ve done training it’s been on desktop computers and laptops. We have switched to iPads and smartphones because we didn’t find that people were moving quickly to view all of the webpages and they needed smaller bits of information more frequently. It would require training and we’re trying to make these as easy to use as possible. That’s one reason we moved to a tablet. It doesn’t have to be Apple, but we thought it was important to move to a tablet and smartphone as opposed to requiring desktop computer use. It’s becoming much more ubiquitous. 

Unidentified Female:	I’ll give you one more question before we close out. Can you speak a little bit about the VA IT security issue across these platforms?

Holly Jimison:		Yes. There are many questions about whether it would meet VA requirements to use Skype. I don’t think that’s possible at the VA. Our IRB has approved using Skype just as a communication medium like we would use a phone for coaching. I think this is an active area that we’re looking into. For the socialization intervention, once you get to a highly secure mode of interacting with video, you suddenly lose the appeal of quick and ready access to a large social network. Everyone has to be on Skype if you’re using Skype. We’re starting to use FaceTime for people on the Apple devices and our newer studies happen to be Apple, but every time you move to one of these mechanisms you exclude people that don’t have access there. Our point here is that we’re trying to get people to be more interactive and reach out to people. It’s  probably our most important intervention…the socialization part and encouraging that type of communication and the video communication is of much higher significance of phone or email. When we monitor socialization, we give a higher weight to video, much higher to in person and then down to email. 

Unidentified Female:	Thank you Holly. We’re four minutes past the hour. I think that’s all the questions we have time for right now. Thank you so much for taking the time to present today’s session. You can, of course, email any additional questions to Holly. Her email is on the screen. Also, the _____ [01:03:12] .gov. Heidi, can I turn things over to you?

Unidentified Female:	Holly, I want to thank you so much for taking the time to prepare and present for today’s session. We very much appreciate it. 

Holly Jimison:		You’re very welcome. I enjoyed it. Thanks. 

Unidentified Female:	For the audience, thank you everyone for joining us for today’s session. I will close the session out in just a moment here. When you do that, you will be prompted for a feedback form. If you could take a few moments to fill that out we do appreciate it. We really do read through all of your feedback and use it for our current and upcoming sessions. Thank you everyone for joining us for today’s HSR&D seminar. We look forward to seeing you at a future session.  
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