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• Why ? 
 

• Who ?? 
 

• Cognitive Decline ~ Aging 
 

• Cognitive Demands ~ DSM 
• Critical vs Difficult  

 
• Psychometrics and DSM 

 
• Case Studies 

 
• Re-design DSME  
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…….Patient complaints 



Why 
  

and 
 

Who 
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Physical Health Cognitive Ability 

Complexity of DSM  Tasks 

 
DSME 

Neuropathy 
Vision & hearing problems 
Balance problems 
Polypharmacy 

Memory loss 
Dementia 
Decreased processing speed 
Slower learning 

16 

Many, varied, changing  
Constant learning & reasoning 
“Means-to-ends” uncertain 



  

g - Basic  
information  
processing 
(GF) 

Basic 
cultural  
Knowledge 
(GC) 

Age-related cognitive decline 

Learning & reasoning ability Age 
8 

Age 
80 
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 Normal age-related cognitive changes*  

“Crystallized” intelligence [past learning] 
• Breadth/depth of general knowledge 

(e.g., language)  
• Accrued over lifetime based on fluid 

intelligence, education, interests 

“Fluid” intelligence [on-the-spot learning & reasoning] 
• Aptness in processing information (e.g., learning, 

reasoning, abstract thinking, problem solving)  
• Reflects overall integrity of brain (speed, 

connectedness, etc.)  

Source: Figure 1 in Salthouse, T. A. (2009). Selective review of cognitive aging, J of Int Neuropsych Soc, 16, 754-760.   

*This is the norm, but individuals vary a lot around the norm! 
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Normal age-related cognitive changes 

“Crystallized” intelligence [past learning] 
• Breadth/depth of general knowledge 

(e.g., language)  
• Accrued over lifetime based on fluid 

intelligence, education, interests 

“Fluid” intelligence [on-the-spot learning & reasoning] 
• Aptness in processing information (e.g., learning, 

reasoning, abstract thinking, problem solving)  
• Reflects overall integrity of brain (speed, 

connectedness, etc.)  

Source: Figure 1 in Salthouse, T. A. (2009). Selective review of cognitive aging, J of Int Neuropsych Soc, 16, 754-760.   

DSM tasks require  
“fluid intelligence” 
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Normal age-related cognitive changes  

“Crystallized” intelligence [past learning] 
• Breadth/depth of general knowledge 

(e.g., language)  
• Accrued over lifetime based on fluid 

intelligence, education, interests 

“Fluid” intelligence [current ability to learn & reason] 
• Aptness in processing information (e.g., learning, 

reasoning, abstract thinking, problem solving)  
• Reflects overall integrity of brain (speed, 

connectedness, etc.)  

Source: Figure 1 in Salthouse, T. A. (2009). Selective review of cognitive aging, J of Int Neuropsych Soc, 16, 754-760.   

Growing gap – past learning is faulty guide to 
current cognitive  capacity 
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Your patient is an elderly professor starting  
a new meter and/or insulin device 

He may be literate 
  

and express understanding (crystallized intelligence),  
 

but that does not guarantee 
 

he can perform 
 

 the new DSM task (fluid intelligence). 

21 



What do teachers, 
  

nurses,  
 

nuclear plant operators  
 

and  
 

people  with diabetes 
 

 have in common  ??  
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Their “jobs”  
have heavy cognitive burdens 

 that pile up. 
  Learn and recall relevant information           
  Reason and make judgments                                   
  Deal with unexpected situations                                    
  Identify problem situations quickly                     
  React swiftly when unexpected  
       problems occur                                    
  Apply common sense to solve problems   
  Learn new procedures quickly                   
  Be alert & quick to understand things                              

 
*Job analysis by Arvey (1986) 
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The challenges in DM self-management 
 
 
 Diabetes self-management is inherently complex 
 
 Relentless, evolving cognitive demands 
 
 Frequent cognitive overload 
 
 Non-compliance/non-adherence    High-risk errors 
 
 

24 



Goal:  Maintain blood glucose within normal limits 
Learn about diabetes in general (At “entry’) 

– Physiological process 
– Interdependence of diet, exercise, meds 
– Symptoms & corrective action 
– Consequences of poor control 

Apply knowledge to own case (Daily, Hourly) 
– Implement appropriate regimen  
– Continuously monitor physical signs   
– Diagnose problems in timely manner 
– Adjust food, exercise, meds in timely and appropriate manner  

Coordinate with relevant parties (Frequently) 
– Negotiate changes in activities with family, friends, job   
– Enlist/capitalize on social support 
– Communicate status and needs to practitioners 

Update knowledge & adjust regimen (Occasionally) 
– When other chronic conditions or disabilities develop 
– When new treatments are ordered 
– When life circumstances change 

Conditions of work—24/7, no days off, no retirement 

Patient-centered operational  DSM 
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CDEs recognize 
 

the cognitive  
 

burdens of DSM 

26 

and 
 

instruct  to 
 

reduce those  
 

burdens 



 
Improving the literacy level (readability) 

 of educational materials 

does not guarantee  

comprehension  

and/or  

compliance 

because it does not reduce  

cognitive demands. 
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Readability doesn’t make a complex task easy  

Ingredients of readability: 
   ASW: Average syllables per word  
   ASL: Average words per sentence 

(0.39 * ASL) + (11.8 * ASW) -15.59 

206.835 - (84.6 * ASW) - (1.015 * ASL) 
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NALS 
difficulty 
level (& 
scores)  

% US 
adults (age 

65+) peaking 
at this level 

Simulated everyday tasks 

  5 
(375-500) 

3% 

     ~0% 

 Use calculator to determine cost of carpet for a room  
 Use table of information to compare 2 credit cards  

  4 
(325-375) 

15% 
4% 

 Use eligibility pamphlet to calculate SSI benefits  
 Explain difference between 2 types of employee 
benefits  

  3 
(275-325) 

31% 
16% 

 Calculate miles per gallon from mileage record chart  
 Write brief letter explaining error on credit card bill  

  2 
(225-275) 

28% 
33% 

 Determine difference in price between 2 show tickets  
 Locate intersection on street map  

  1 
(0-225) 

23% 
47% 

 Total bank deposit entry  
 Locate expiration date on driver’s license  

Daily self-maintenance in modern literate societies 

Typical literacy items, by difficulty level 
National Adult Literacy Survey (NALS), 1993 
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How to minimize errors in DSM 
1. Target the most critical tasks 

 
2. Identify complexity (cognitive difficulty) of DSM 

tasks 
 

3. Deliver instruction based on both complexity of 
tasks and ability of person. 
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1. Target the most critical tasks 
 

2. Identify complexity (cognitive difficulty) of DSM 
tasks 
 

3. Deliver instruction based on both complexity of 
tasks and ability of person. 
 

4. Use integrated devices, “reminders,” telehealth, 
 apps (??) 
 



 
Critical vs. Difficult 

 
DSM tasks 
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• More complex tasks generate more cognitive errors  
 

• Aging (more functional deficits) increases the risk of error  
 

• Errors on critical tasks are more dangerous 
 

• Highest risk of harm occurs at intersection of critical and difficult 
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Rankings of task criticality and difficulty 

 

“1” = ranked most  
critical/difficult  
of 3 core tasks  

34 

Tasks ranked within 8 categories 



??  Do all staff  
 

agree  
 

about  
 

task  criticality  
 

and 
  

difficulty ??? 
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Examples of  
 

DSM errors 
  

that may not  
 

seem  
 

“critical” or “difficult” 
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Changing doses 
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  Changing insulins – 2 long-acting 
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 Sugar-free candy 
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Insulin pen 
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Grams vs. grams on label 
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Goal:  Maintain blood glucose within normal limits 
Learn about diabetes in general (At “entry’) 

– Physiological process 
– Interdependence of diet, exercise, meds 
– Symptoms & corrective action 
– Consequences of poor control 

Apply knowledge to own case (Daily, Hourly) 
– Implement appropriate regimen  
– Continuously monitor physical signs   
– Diagnose problems in timely manner 
– Adjust food, exercise, meds in timely and appropriate manner  

Coordinate with relevant parties (Frequently) 
– Negotiate changes in activities with family, friends, job   
– Enlist/capitalize on social support 
– Communicate status and needs to practitioners 

Update knowledge & adjust regimen (Occasionally) 
– When other chronic conditions or disabilities develop 
– When new treatments are ordered 
– When life circumstances change 

Conditions of work—24/7, no days off, no retirement 

Patient-centered operational  DSM 
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Science of accurately measuring differences in cognitive 
performance (in training, education, jobs, etc.) 
 
Studies error: kinds, number, sources, consequences, control 
1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
 
Applies to diabetes self-management 
  
 

 

 
 
 
 
 
 

Insights on error from psychometrics 

increases with age 
increases with age 
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Goal:  Maintain blood glucose within normal limits 
Learn about diabetes in general (At “entry’) 

– Physiological process 
– Interdependence of diet, exercise, meds 
– Symptoms & corrective action 
– Consequences of poor control 

Apply knowledge to own case (Daily, Hourly) 
– Implement appropriate regimen  
– Continuously monitor physical signs   
– Diagnose problems in timely manner 
– Adjust food, exercise, meds in timely and appropriate manner  

Coordinate with relevant parties (Frequently) 
– Negotiate changes in activities with family, friends, job   
– Enlist/capitalize on social support 
– Communicate status and needs to practitioners 

Update knowledge & adjust regimen (Occasionally) 
– When other chronic conditions or disabilities develop 
– When new treatments are ordered 
– When life circumstances change 

Conditions of work—24/7, no days off, no retirement 
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Hypoglycemia Huge glycemic excursions 

4 days BG readings 

Sample patient’s operational challenge 



• Preventing/minimizing excursions is cognitive process 
• 24/7 job for patient 

Hypoglycemia Huge glycemic excursions 

Must prevent being knocked off course—or get  
back on course 
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Physical health Cognitive ability 

Complexity of DSM Tasks 

 
Cognitive 

burden  
of DSM 

Neuropathy 
Vision & hearing problems 
Balance problems 
Polypharmacy 

Memory loss 
Dementia 
Decreased processing speed 
Slower learning 

46 

error 

Many, varied, changing  
Constant learning & reasoning 
“Means to ends” uncertain 

Cognitive errors increase with age 



Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
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FDA standards for BG monitor accuracy 

• Current FDA standards 
>95% of meter readings within 20% of lab reference value (within 15% for BG <75) 
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Ref value (“true” value) 



Sample results on BG meter accuracy 
Meter A vs. Reference  Meter B vs. Reference  

Meter C vs. Reference  Meter D vs. Reference  

Meter E vs. Reference  Meter F vs. Reference  

Kuo et al. (2011). 
Accuracy of 7 meters. 

49 

All evaluated under 
controlled conditions 
 
Accuracy profiles 
differ 
 



Source: pp. 905, 906 in Ginsberg, B. H. (2009). Factors affecting  
blood glucose monitoring: Sources of errors in measurement.  
Journal of Diabetes Science and Technology, 3(4), 903-913. 

Under controlled 
conditions 

50 

But patients don’t live in  
controlled conditions  



Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
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Source: p. 910 in Ginsberg, B. H. (2009). Factors affecting  
blood glucose monitoring: Sources of errors in measurement.  
Journal of Diabetes Science and Technology, 3(4), 903-913 
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User errors can degrade BG readings  
(effect electrochemical reactions in monitor) 
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Factors that affect patient’s use of devices 

THESE same factors affect  
the use of information 



• Preventing/minimizing excursions is cognitive process 
• Spotting hazards          is cognitive process 
• 24/7 job for patient 

Hypoglycemia Huge glycemic excursions 

Patients must act to keep BG within healthy limits 
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Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
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Complexity invites error in using devices  

COMPLEXITY ALSO INVITES ERROR IN 
USING information  



Cognitive complexity 
  

invites error in using 
 

device/information,  
 

such as 
 

meters, food labels, 
  

insulin, Rx 
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Patient's interface with label—cognitively complex  

59 



Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
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All increase cognitive load 
Core tasks: 
• Interdependence 
• Multi-step 
• Must extinguish old  habits 
• “If-then” decisions 

Work conditions: 
• Time pressure 
• Distractions 
• Unpredictability 
• Interruptions 

 
 

Cognitive 
complexity 

Cognitive  
interferences 

(drains) 

Cognitive  
overload 
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Meter 
accuracy  

Contaminants on hands  

BG  
error 

Intersecting hazards magnify (not just add to) BG  error 

 Degraded  
  strips  
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Wrong  
Carb/label 
calculation 

SMBG error 
BG 

 ???? Insulin 
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Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device & person errors  
5. Criticality of errors 
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Critical Errors 
 

And  
 

Critical Incidents 
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From 30 diabetes health  providers  (MD, RN, RNP, RD, CDE, other) 

Took Rx on time:  
•  but delayed meal  
•  or ate only a salad  

 
 

Critical Error: 
 

Did not understand causal 
nexus: 

food, Rx, blood sugar 

66 

hypoglycemia 

Survey reports of 
“critical incidents” 



From 30 diabetes health  providers  (MD, RN, RNP, RD, CDE, other) 

Sick, not eating/vomiting: 
•  no insulin or  
•  took same dose 

Did not shift rule when 
conditions changed 

67 

Critical Error: 

DKA 
risked hypo 



From 30 diabetes health  providers  (MD, RN, RNP, RD, CDE, other) 

 
Eating  to prevent hypoglycemia, 
not testing blood glucose,  no 
physical activity: 
• chronic high sugar 
 

Could grasp only     
one cause,  
one effect,  
one tactic at a time 
 

68 

Critical Error: 

Brain 
damage 



From 30 diabetes health  providers  (MD, RN, RNP, RD, CDE, other) 

Did not control diet 
       chronic high sugar 
       poor wound healing 
Feared pain of treating 
      necrotic foot  

Critical Error: 
One goal 
(avoid immediate pain) 
One tactic 
(avoid medical treatment) 
 

69 

nearly lost foot 



Teaching to reduce  
 

critical errors  
 

in DSM 

70 



Bloom’s Taxonomy of Learning Objectives  
(2001 revision) 

Bloom’s levels = continuum of cognitive complexity 

DSME activities & 
materials      

Patient 
assessment 

Treatment goals 
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What are we asking the patient to do ??????? 
• Identify                

Memorize 

Recognize                          

Measure 

Calculate 

Repeat 

• . Collect          

Identify Pattern 

Modify 

Predict 

Interpret 

Distinguish 

Compare 

Cause/Effect 

Make observations   

• Use concepts to solve non-routine problems   

Draw conclusions 

Connect     

• Apply Concepts 

Create 

72 



Anticipate effect of  
exercise & foods on 
blood glucose. 

Coordinate meds, diet, 
and exercise. 
Manage sick days. 

Determine when & why  
blood glucose is out of 
control 

Monitor symptoms; assess 
whether action needed; 
evaluate effectiveness  of 
actions   

Create daily and contingency 
plans  that control blood 
glucose 

Recall effects of  
exercise on glucose. 

Remember to 
take  BGs  & Rx. 

        Remember to  
    measure foods,  
drinks & read labels. 

Strategies in DSME Bloom’s taxonomy of 
educational objectives 
(cognitive domain)* 
 

Simplest tasks 
1.  Remember 

recognize, recall, 
Identify, retrieve 

 
2.  Understand 

      paraphrase, summarize, 
compare, predict, infer 

 
 

3.  Apply 
          execute familiar task,,        

apply procedure to     
unfamiliar task 

 
 

4.  Analyze 
          distinguish, focus, select, 

integrate, coordinate 
 
 
 

5.  Evaluate 
          check, monitor, detect 

inconsistencies, judge 
effectiveness 

 
 

6.  Create 
         hypothesize, plan, invent, 

          devise, design 

Most complex tasks 
 
 

*Revised 2001: Anderson, L. W., & 
Krathwohl,D. R.  A taxonomy for learning, 

teaching,  and assessing: A revision of 
Bloom's taxonomy of educational 

objectives. NY: Addison Wesley Longman. 

© Stroh, K., & Gottfredson,  
L. S. Beyond health literacy: 
Cognitive demands of diabetes 
self-management. Presented at  
the annual meeting of the American  
Association of Diabetes Educators,  
Indianapolis, August 2, 2012. 



Bloom’s Taxonomy is the basis 
 

for effective DSME 
 

with elderly patients,  
 

because it focuses on 
  

the complexity of the learning. 
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Psychometrics and DSM 

1. Device error (test accuracy) 
2. Person error (cognitive mistakes)  
3. Task demands (cognitive burden) 
4. Compounding of device/INFORMATION & 

person errors  
5. Criticality of errors 
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Complexity invites error in using devices  

COMPLEXITY ALSO INVITES ERROR IN 
USING information  



Changing doses can be confusing 
Complexity of task/opportunity for error:   
 
Patient must recognize  that this is an  
 addition to the Rx schedule. 
Inference  was assumed. 
Patient had  “literal thinking”.         
 
DSME:   
       Remember to clarify “Addition” 
       Explicit instructions about  
   what to remember. 
  Do not assume that patient  
   can infer new Rx schedule. 
                 Confirm instructions. 
 
Source of error: 
  Person error (cognitive mistakes)  
  Task demands (cognitive burden 

Diabetes Disaster Averted series: 
 http://www.diabetesincontrol.com/articles/practicum 
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http://www.diabetesincontrol.com/articles/practicum


  Changing insulins – 2 long-acting 

78 

Complexity of task/opportunity for error:   
 
Patient did not recognize  that the change  
 in Rx = subtract 1 Rx,  
       add  different Rx.  
 Inference assumed. 
 
DSME:  Patient understands types of insulin. 
      Stop current insulin. 
      Start different insulin. 
      Assess  hearing loss.  
  
       Do not assume that patient  
  can infer changed Rx. 
 
Source of error: 
  Person error (cognitive mistakes)  
  Task demands (cognitive burden) 



Substituting  
 

is more complex  
 
 

than 
 

adding or  
 
 

subtracting something. 
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Insulin pen 
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Complexity of task/opportunity for error:   
 
The device use is inconsistent with her  
 expectations or intuition about  
 device operation. (cf FDA list) 
 
DSME:  Assume that patient has preconceptions  
  about insulin device. 
      Deconstruct steps for using pen.  
      Demonstrate use. 
  
  
Source of error: 
  Person error (cognitive mistakes)  
  Task demands (cognitive burden) 
. 



These tasks were low complexity. 
 

Cognitive complexity was minimal. 
 

But  
 

tasks were difficult for these patients,  
 

because their 
 

cognitive abilities were declining. 
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NALS 
difficulty 
level (& 
scores)  

% US 
adults (age 

65+) peaking 
at this level 

Simulated everyday tasks 

  5 
(375-500) 

3% 

     ~0% 

 Use calculator to determine cost of carpet for a room  
 Use table of information to compare 2 credit cards  

  4 
(325-375) 

15% 
4% 

 Use eligibility pamphlet to calculate SSI benefits  
 Explain difference between 2 types of employee 
benefits  

  3 
(275-325) 

31% 
16% 

 Calculate miles per gallon from mileage record chart  
 Write brief letter explaining error on credit card bill  

  2 
(225-275) 

28% 
33% 

 Determine difference in price between 2 show tickets  
 Locate intersection on street map  

  1 
(0-225) 

23% 
47% 

 Total bank deposit entry  
 Locate expiration date on driver’s license  

Daily self-maintenance in modern literate societies 

Typical literacy items, by difficulty level 
National Adult Literacy Survey (NALS), 1993 
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 Sugar-free candy 
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Complexity of task/opportunity for error:   
 
Caregiver (wife) did not recognize  the  
 difference between sugar free & fat free. 
Patient did not examine label or did not recognize error. 
Error was “contagious”. 
  
 
DSME:     Deconstruct label.  
        Recognize that label is complex. 
        Review “Sugar-free” vs “Fat-free”. 
        Include family in DSME.  
    
Source of error: 
  Person error (cognitive mistakes)  
  Task demands (cognitive burden) 
  Compounding of device/information  
   & person errors 



Grams vs. grams on label 
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Complexity of task/opportunity for error:   
 
Patient did not recognize the correct location for CHO grams.  
Label is inherently complex. 
 
 
DSME:  Identify correct location for CHO grams. 
             Differentiate weight in grams vs Total CHO. 
             Locate total CHO. 
  
      Do not assume that patient understands label ! 
   
 
Source of error: 
  Person error (cognitive mistakes)  
  Task demands (cognitive burden) 
  Compounding of device/information  
   & person errors. 

Grams vs. grams on label 
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Patient's interface with label—cognitively complex  

86 

Label ambiguities 
 
invite  
 
consequences/additional  
 
errors, 
 
e.g.  inaccurate      
 
measuring, 
 
Rx dose,  
 
interpretation of BGs. 
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Opportunities for error:  
 Format = confusing display of information. 
 No clear distinction between items.   



Opportunities for error:  
 Irrelevant information. 
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Opportunities for error:  
 Confusion between 2 locations for 
  nutrition information. 

89 



Pros:  
• Fewer items 
• Single vertical list  
• Major headings 

stand out 

Cons:  
• Lots of irrelevant 

info 
 
 

• Seemingly 
inconsistent info 

Better, but…….. 
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Bloom’s taxonomy of 
educational objectives 
(cognitive domain) 
 
Simplest tasks 
1.    Remember 

recognize, recall, 
Identify, retrieve 

 
2. Understand 

      paraphrase, summarize, 
compare, predict, infer, 

 
3.   Apply 
          execute familiar task,,        

apply procedure to     
unfamiliar task 

 
4.  Analyze 
          distinguish, focus, select, 

integrate, coordinate 
 

5.  Evaluate 
          check, monitor, detect 

inconsistencies, judge 
effectiveness 

 
6.  Create 
         hypothesize, plan, invent, 

          devise, design 

Most complex tasks 

Distractors 
CHOs vs Fiber vs Fat 

Carb vs non-carb ?? 
Sequence of label 
Total CHOs = imp;  
“Sugars” not = Total CHOs 
Volume vs wt 

Part of meal vs snack OK? 
CHOs in intended serving ?  
CHOs vs Fat/Chol vs Na  

Location of relevant  
      CHO gms 

How many CHO gms in  
    1 serving  ? 
Subtract fiber gms from CHO gms 

Plan a meal or snack 
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Food label revision… 
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DSME must include  
cognitive accessibility of  
information & materials. 

 
Even if the  DSM “job” did not get more 

complex, 
 

cognitive decline makes it more difficult. 
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CDEs recognize 
 

the cognitive  
 

burdens of DSM,  
especially in the elderly 

94 

and 
 

instruct  to 
 

reduce those  
 

burdens 



Thank you. 

 
kathy.stroh@state.de.us 

 
 
 

gottfred@udel.edu 
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