
This report was revised on January 11, 2013, after a problem was found  with the weighting o f  the 2011 survey data.

NCHS Data Brief ■ No. 98 ■ July 2012

Physician Adoption of Electronic Health Record Systems: 
United States, 2011

Eric Jamoom, Ph.D., M.P.H., M.S.; Paul Beatty, Ph.D.; Anita Bercovitz, Ph.D., M.P.H.;
David Woodwell, M.P.H.; Kathleen Palso, M.A.; and Elizabeth Rechtsteiner, M.S.

Key findings

Data from the 2011 
Physician W orkflow study

• In  2011 , 5 4 %  o f  p h y sic ia n s  
h a d  a d o p ted  a n  e lec tro n ic  
h e a lth  re c o rd  (E H R ) system .

• A b o u t th re e -q u a rte rs  o f  
p h y s ic ia n s  w h o  h a v e  a d o p ted  
an  E H R  sy stem  rep o rted  th a t 
th e ir  sy s tem  m e e ts  fed e ra l 
“m e a n in g fu l u s e ” c rite ria .

• E ig h ty -fiv e  p e rc e n t o f  
p h y s ic ia n s  w h o  h a v e  a d o p ted  
an  E H R  sy stem  rep o rted  b e in g  
so m e w h a t (4 7 % ) o r  v e ry  (38% ) 
sa tisfied  w ith  th e ir  system .

• A b o u t th re e -q u a rte rs  o f  
ad o p te rs  rep o r te d  th a t u s in g  
th e ir  E H R  sy stem  re su lte d  in  
en h a n ce d  p a tie n t care.

• N e a rly  o n e -h a lf  o f  
p h y s ic ia n s  cu rre n tly  w ith o u t an  
E H R  sy stem  p la n  to  p u rch a se  
o r  u se  o n e  a lre ad y  p u rc h a se d  
w ith in  the n e x t year.

* service

O ne g o a l o f  th e  fed e ra l 2 0 0 9  H e a lth  In fo rm a tio n  T ec h n o lo g y  fo r  E co n o m ic  
an d  C lin ica l H e a lth  (H IT E C H ) A c t is to  ad v a n ce  th e  u se  o f  h e a lth  in fo rm a tio n  
te ch n o lo g y  b y  p ro v id in g  M e d ic a re  an d  M e d ic a id  in c en tiv es  to  p h y s ic ia n s  an d  

h o sp ita ls  th a t  a d o p t an d  d em o n stra te  “m e a n in g fu l u s e ” (M U ) o f  e lec tro n ic  
h e a lth  re c o rd  (E H R ) sy s tem s ( 1,2 ) . T h is  re p o r t p re se n ts  a  n a tio n a lly  
re p rese n ta tiv e  p ro file  o f  p h y s ic ia n  u se  o f  E H R  system s.
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Who adopts EHR system s?

• F if ty -fo u r  p e rc e n t o f  p h y s ic ia n s  w ere  ad o p te rs  o f  E H R  sy stem s (see 

“D e fin itio n s”). A m o n g  p h y s ic ia n s  u n d e r  age  50, 6 4 %  w ere  ad o p ters .

Figure 1. Percentage of electronic health record system adoption, by physician age and 
specialty and practice size and ownership, 2011
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1Differences in adoption between this category and all others are statistically significant (p < 0.01).
Significant difference between primary care and surgical specialists (p < 0.01).
NOTES: Adoption consists of physicians who use a health record system that is all or partially electronic (excluding systems 
solely for billing). The sample includes nonfederal, office-based physicians and excludes radiologists, anesthesiologists, and 
pathologists. HMO is health maintenance organization.
SOURCE: CDC/NCHS, Physician Workflow study, 2011.
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A b o u t o n e -h a lf  o f  p h y s ic ia n s  ag e d  50 an d  o v e r  w ere  ad o p te rs  (F ig u re  1) .

• A m o n g  so lo  p rac titio n e rs , 2 9 %  w ere  ad o p te rs  o f  E H R  sy stem s. T he p ro p o rtio n  o f  

p h y s ic ia n s  w h o  w ere  ad o p te rs  in c re ase d  as th e  size  o f  th e  p ra c tic e  in c re ase d , w ith  6 0 %  o f  
p h y s ic ia n s  in  2 -p h y s ic ia n  p rac tice s , 6 2 %  o f  p h y s ic ia n s  in  3 - to -1 0 -p h y s ic ia n  p rac tice s , an d  

8 6 %  o f  p h y s ic ia n s  in  p rac tice s  w ith  11 o r  m o re  p h y s ic ia n s  h av in g  a d o p te d  E H R  sy stem s 

(F ig u re  1) .

• O n ly  4 9 %  o f  p h y s ic ia n s  in  p h y s ic ia n -o w n e d  p ra c tic e s  w ere  ad o p te rs , w h erea s  v ir tu a lly  
all p h y s ic ia n s  in  h e a lth  m a in te n an c e  o rg an iz a tio n s , a b o u t th re e -q u a rte rs  o f  p h y s ic ia n s  in  
co m m u n ity  h e a lth  ce n te rs  (7 3 % ), a n d  7 o u t o f  10 p h y s ic ia n s  (6 9 % ) in  a c ad e m ic  h ea lth  

c e n te rs  h a d  a d o p ted  E H R  sy s tem s (F ig u re  1) .

• P rim ary  ca re  (5 8 % ) an d  m e d ica l ca re  sp e c ia lis ts  (5 4% ) d id  n o t s ig n ific an tly  d iffe r  fro m  
e a ch  o th e r  in  E H R  ad o p tio n , y e t a  g re a te r  p ro p o rtio n  o f  p r im a ry  ca re  sp e c ia lis ts  h a d  a d o p ted  

E H R  sy stem s co m p a re d  w ith  su rg ica l sp e c ia lis ts  (4 8 % ) (F ig u re  1) .

• N o  d iffe ren ce s  w ere  o b se rv e d  in  E H R  ad o p tio n  s ta tu s  b y  p h y s ic ia n  g ender, race  o r  ethn ic ity , 
o r  p rac tice  lo c a tio n  in  m e tro p o lita n  s ta tis tica l a re a  (d a ta  n o t show n).

What kinds of system s do EHR adopters use?

• A b o u t th re e -q u a rte rs  o f  a d o p te rs  (7 6 % ) h a v e  a  sy s tem  th a t  cu rre n tly  m e e ts  th e  C en te rs  fo r  
M e d ica re  &  M e d ica id  S erv ices  (C M S ) M U  c r ite r ia  (see  “D e fin itio n s”), w h e rea s  8%  h av e
a  sy stem  th a t  d o es n o t m e e t th e  C M S  M U  c rite ria . A b o u t 15%  o f  re sp o n d e n ts  are u n c e r ta in  

w h e th e r  th e ir  sy stem  m e e ts  M U  c r ite r ia  (F ig u re  2 ) .

Figure 2. Physicians’ electronic health record systems, by type and ability to meet meaningful use criteria, 2011

1Data and application functionality delivered on-site.
2System hosted and data stored off-site.
3Defined by Centers for Medicare & Medicaid Services.
4Electronic health record.
NOTES: Data represent physicians who reported having adopted EHR systems (55% of sample). The sample includes nonfederal, office-based physicians 
and excludes radiologists, anesthesiologists, and pathologists. Missing values are excluded. Percentages may not sum to 100 because of rounding. 
SOURCE: CDC/NCHS, Physician Workflow study, 2011.
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• M o re  ad o p te rs  h a v e  a  s ta n d -a lo n e , se lf-c o n ta in e d , sy s tem  (5 9 % ) ra th e r  th a n  a  W e b -b ase d  
d e s ig n  sy s tem  (4 1% ) (see “D efin itio n s” ) (F ig u re  2 ) .

• A lth o u g h  10%  o f  ad o p te rs  w ere  in  th e  p ro ce ss  o f  im p lem e n tin g  th e ir  E H R  sy stem , th e  v a s t 

m a jo r ity  o f  ad o p te rs  (9 0 % ) rep o r te d  a c tiv e ly  u s in g  th e ir  E H R  sy stem  (d a ta  n o t show n).

How satisfied are EHR users with their system s?

• T h e  m a jo r ity  o f  p h y s ic ia n s  w h o  h av e  a d o p te d  an  E H R  sy stem  (8 5 % ) w ere  e i th e r  v e ry  

sa tisfied  (3 8 % ) o r  so m e w h a t sa tisfied  (4 7 % ) w ith  th e ir  sy stem . A b o u t 15%  o f  p ro v id e rs  
w ere  e i th e r  v e ry  d issa tis fie d  (5 % ) o r  so m e w h a t d issa tis fie d  (1 0% ) w ith  th e ir  E H R  sy stem  

(F ig u re  3 ) .

• O v e r tw o -th ird s  o f  a d o p te rs  (7 1 % ) w o u ld  p u rch a se  th e ir  E H R  sy stem  ag a in  (d a ta  n o t 

show n).

Figure 3. Percent distribution of electronic health record satisfaction among office-based physicians: 
United States, 2011

NOTES: Data represent office-based physicians who reported having adopted electronic health record systems (55% of sample). The sample includes 
nonfederal, office-based physicians and excludes radiologists, anesthesiologists, and pathologists. Missing values are excluded.
SOURCE: CDC/NCHS, Physician Workflow study, 2011.
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What are the benefits of having an EHR system ?

• A  m a jo r ity  o f  ad o p te rs  re p o rte d  h av in g  a c ce sse d  a  p a t ie n t’s c h a r t re m o te ly  (7 4 % ) an d  

h av in g  b e e n  a le r te d  to  c r it ica l lab  v a lu es  (5 2 % ) b y  u s in g  th e ir  E H R  sy stem  w ith in  th e  p a s t 
30  days. A  m a jo r ity  a lso  re p o rte d  th a t  u s in g  th e ir  E H R  sy stem  h a d  re su lted  in  en h a n ce d  
o v e ra ll p a tie n t ca re  (7 4 % ) (F ig u re  4 ) .

Figure 4. Percentage of physicians whose electronic health records provided selected benefits: United States, 2011
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NOTES: Physicians with electronic health record (EHR) systems whose systems or scope of work did not include a specified capability responded not 
applicable. These responses are included in the denominator for percentages. Data represent office-based physicians who reported having adopted EHR 
systems (55% of sample). The sample includes nonfederal, office-based physicians and excludes radiologists, anesthesiologists, and pathologists. 
SOURCE: CDC/NCHS, Physician Workflow study, 2011.
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Do physicians without an EHR system  intend to purchase a system ?

• A m o n g  n o n ad o p te rs , a b o u t o n e -th ird  rep o rted  h a v in g  n o  in te n tio n  to  p u rch a se  a n  E H R  
sy s tem  w ith in  12 m o n th s  (3 2 % ), an d  o n e-fif th  rep o rte d  b e in g  u n d e c id e d  w h e th e r  to  p u rch a se  

an  E H R  sy stem  in  th e  n e x t 12 m o n th s  (20% ). In  ad d itio n , a b o u t o n e -h a lf  o f  n o n ad o p te rs  
re p o rte d  e i th e r  in te n d in g  to  p u rch a se  an  E H R  sy stem  w ith in  12 m o n th s  (2 6% ) o r  h av in g  

a lre ad y  p u rc h a se d  one (2 1 % ) (F ig u re  5 ) .

Figure 5. Percent distribution of intent to purchase electronic health record system among physicians lacking a system: 
United States, 2011

NOTES: Data represent office-based physicians who reported not having adopted an electronic health record system (45% of sample). The sample includes 
nonfederal, office-based physicians and excludes radiologists, anesthesiologists, and pathologists. Percentages may not sum to 100 because of rounding. 
SOURCE: CDC/NCHS, Physician Workflow study, 2011.
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Summary

O v era ll, in  2011 , 5 4 %  o f  p h y s ic ia n s  in  o ffic e -b ased  p ra c tic e s  h a d  a d o p ted  E H R s a n d  4 6 %  h ad  

no t. D iffe re n ce s  w ere  o b se rv e d  b e tw e e n  p h y s ic ia n s  w h o  w ere  E H R  ad o p te rs  an d  n o n ad o p te rs  
b y  ag e , p h y s ic ia n  spec ia lty , p rac tice  size , a n d  o w n ersh ip . G en e ra lly , p h y s ic ia n s  u n d e r  ag e  50 
w ere  m o re  lik e ly  to  a d o p t E H R  sy stem s th a n  p h y s ic ia n s  ag e d  50 an d  over. T h e  p ro p o rtio n  o f  

p h y s ic ia n s  w h o  w ere  ad o p te rs  in c re ase d  as th e  size  o f  th e  p ra c tic e  in c reased . C o m p ared  w ith  so lo  
p ra c titio n e rs  w h ere  fe w e r  th a n  o n e -th ird  o f  p h y s ic ia n s  a d o p ted  E H R  sy stem s, th o se  in  2 -p h y s ic ian  
o r  3 - to -1 0 -p h y s ic ia n  p rac tice s  w ere  tw ic e  as likely , an d  th o se  in  p ra c tic e s  w ith  11 o r  m o re  

p h y s ic ia n s  w ere  n e a r ly  th re e  tim e s  as  likely , to  h av e  a d o p ted  E H R  sy stem s. O n ly  o n e -h a lf  o f  
th o se  in  p h y s ic ia n -o w n e d  p ra c tic e s  w ere  ad o p te rs , w h e rea s  p h y s ic ia n s  em p lo y ed  b y  c o m m u n ity  
h e a lth  ce n te rs , ac a d e m ic  h e a lth  ce n te rs , an d  H M O s w ere  m o re  lik e ly  to  h av e  a d o p ted  a n  E H R  

system .

T h e  m a jo r ity  o f  E H R  a d o p te rs ’ sy s tem s m e t C M S  M U  crite r ia , w h ic h  w o u ld  a llo w  th e  p rac tice  

to  rec e iv e  in c en tiv e  p ay m e n ts  a u th o rized  b y  th e  H IT E C H  A ct. A  m a jo r ity  o f  E H R  a d o p te rs  h ad  
s ta n d -a lo n e  sy s tem s ra th e r  th a n  W e b -b ase d  sy stem s. S tan d -a lo n e  sy s tem s o ffe r  fa s te r  resp o n se  

tim es th a n  W e b -b ase d  sy stem s, a n d  a lth o u g h  s ta n d -a lo n e  sy s tem s h av e  h ig h e r  in itia l co s t, th e ir  
m a in te n an c e  co s ts  a re  low er. W e b -b ase d  sy s tem s h av e  th e  ad v a n ta g e  o f  b e in g  ea sy  to  access  
w h e re v e r  th e  In te rn e t is av a ila b le , w h erea s  s ta n d -a lo n e  sy s tem s m a y  h av e  lim ite d  o ff-s ite  access.

T h e  v a s t m a jo r ity  o f  p h y s ic ia n s  w h o  u se  E H R  sy stem s (8 5 % ) rep o rte d  b e in g  so m e w h a t sa tisfied  
(4 7% ) o r  v e ry  sa tisfied  (3 8 % ) w ith  th e ir  sy stem . A  m a jo r ity  w o u ld  p u rch a se  th e ir  E H R  sy stem  

ag a in  (71% ), su g g e stin g  th a t  E H R  ad o p te rs  are g e n e ra lly  p o s itiv e  a b o u t th e ir  c u rre n t sy stem s. 
A m o n g  E H R  ad o p te rs , 7 4 %  b e liev e  th a t  u s in g  th e ir  sy s tem  e n h a n ce d  o v e ra ll p a tie n t care .

A m o n g  n o n ad o p te rs , a b o u t o n e -h a lf  rep o r te d  e ith e r  a lre ad y  h av in g  p u rc h a se d  a  sy s tem  o r 
p la n n in g  to  a d o p t a  sy s tem  w ith in  12 m o n th s . T h is  f in d in g  su g g e s ts  an  in c re ase  in  E H R  ad o p tio n  

is lik e ly  to  ta k e  p la ce  in  2 0 1 2  a m o n g  2 0 1 1 ’s n o n ad o p te rs , p o te n tia lly  am p lify in g  th e  im p a c t o f  
fed e ra l p o lic y  in cen tiv es .

Definitions

P h y s ic ian  o ff ic e : A  p la ce  w h ere  p h y s ic ia n s  n o t fe d e ra lly  em p lo y e d  p ro v id e  d ire c t p a tie n t care  

in  th e  50 sta te s  an d  th e  D is tr ic t o f  C o lu m b ia ; ex c lu d e s  rad io lo g is ts , an e s th e s io lo g is ts , an d  

p a th o lo g is ts .

D e m o n s tra tin g  m e a n in g fu l u se  (M U ): To q u a lify  fo r  C M S  in c en tiv e  p ay m e n ts  fo r  M U , a n  e lig ib le  
p ro v id e r  m u s t u se  a  ce rtif ied  E H R  sy stem  d e m o n s tra tin g  a ll 15 o f  th e  co re  se t o b je c tiv es  an d  5 o f  
10 m e n u  se t o b je c tiv es  th ro u g h  a sso c ia te d  m e a su re s  o r  b y  a tte s ta tio n  in  2011 (2 ) . C o m p ariso n s  o f  

sev era l co re  o b je c tiv es  a re  av a ila b le  fro m  th e  N A M C S  su p p le m e n ta l E H R  m a il su rv ey  (3 ) .

A d o p te rs  a n d  n o n a d o p te rs  o f  E H R s : S ta tu s  is d e riv e d  fro m  o ffic e -b ased  p h y s ic ia n s  w h o  an sw e re d  

th e  E M R  su p p le m e n t q u es tio n , “D o es th is  p ra c tic e  u se  e lec tro n ic  m e d ic a l rec o rd s  o r  e lec tro n ic  
h e a lth  rec o rd s  (n o t in c lu d in g  b ill in g  re c o rd s )? ” A d o p te rs  a re  th o se  w h o  an sw e re d  e i th e r  “yes, 

a ll e le c tro n ic ” o r  “y es , p a r t  p a p e r  an d  p a r t e le c tro n ic ” ; n o n a d o p te rs  an sw e re d  “n o ” to  u s in g  
e lec tro n ic  m e d ic a l rec o rd s  (E M R s) o r  E H R s.
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S tan d -a lo n e  a n d  W e b -b ase d  d e s ig n  E H R  sy s te m s : A  sta n d -a lo n e , o r  c lien t, s e rv e r  rep re se n ts  an  
E H R  sy stem  th a t  is  se lf-c o n ta in e d , in  w h ic h  d a ta  an d  ap p lic a tio n  fu n c tio n a lity  are d e liv e re d  o n ­
site. W e b -b ase d  E H R  sy stem s in c lu d e  ap p lic a tio n  se rv ice  p ro v id e rs  an d  b ro w se r-b a se d  sy stem s, 

a lso  ca lle d  a  “c lo u d  sy s te m .” W e b -b ase d  d e s ig n  E H R  sy stem s u se  a  se rv ice  p ro v id e r  to  h o s t th e  
sy s tem  an d  s to re  d a ta  fo r  th e  p ra c tic e  o ff-s ite , an d  th e  p h y s ic ia n  ac ce sse s  th e  E H R  sy stem  an d  

d a ta  th ro u g h  th e  In te rn e t (4 ) .

Data source and methods

T h e d a ta  fo r  th is  re p o r t a re  fro m  th e  N a tio n a l A m b u la to ry  M e d ica l C are  S u rv ey  (N A M C S ) 
P h y s ic ian  W o rk flo w  m a il survey . T h e  P h y s ic ian  W o rk flo w  study, fu n d e d  b y  th e  O ffice o f  th e  
N a tio n a l C o o rd in a to r  fo r  H e a lth  In fo rm a tio n  T echno logy , is c o n d u c te d  b y  th e  N a tio n a l C e n te r  

fo r  H e a lth  S ta tis tic s  (N C H S ) as a  N A M C S  su p p lem en t. I t rep re se n ts  a  3 -y e a r  in itia tiv e  to  su rv ey  
o ffic e -b ased  p h y s ic ia n s  a b o u t th e ir  e x p e rie n c e s  in  an d  p e rc e p tio n s  o f  ad o p tin g  an d  u s in g  E H R  

sy stem s. R e sp o n d en ts  w ill be fo llo w ed  a n n u a lly  o v e r  a  3 -y ea r  p e rio d , b e g in n in g  in  2011 an d  
co n tin u in g  th ro u g h  2013 .

T h e  sam p le  fo r  th e  2011 P h y s ic ian  W o rk flo w  m a il su rv ey  co n s is te d  o f  th o se  p h y s ic ia n s  co n firm ed  

e lig ib le  (i.e ., w h o  tre a t am b u la to ry  p a tien ts  in  a  p h y s ic ia n ’s o ffice; see “D e fin itio n s”) in  th e  
e a r lie r  2011 N A M C S  E M R  m a il survey . T h e  2011 E M R  m a il sam p le  w as  a  s tra tif ied  sam p le  o f  

p h y s ic ia n s  w ith  s tra ta  d e fin ed  b y  sta te . E lig ib le  p h y s ic ia n s  fo r  w h o m  E H R  ad o p tio n  sta tu s  w as 

n o t co n firm e d  in  the  E M R  su rv ey  w ere  co n ta c te d  to  d e te rm in e  th a t s ta tus. O n ly  th o se  N A M C S  
e lig ib le  re sp o n d e n ts  w ere  m a ile d  P h y s ic ian  W o rk flo w  q u e s tio n n a ire s  w ith in  a  2 -m o n th  p e r io d  o f  

d e te rm in in g  w h e th e r  th e y  u se d  an  E H R  system . A d o p te rs  rec e iv e d  a  d if fe re n t q u es tio n n a ire  th a n  

n o n a d o p te rs  (4 ,5 ) .

E lig ib ility  s ta tu s  w a s  d e te rm in e d  fo r  8 ,164  o f  th e  10,301 o ffic e -b ased  p h y s ic ia n s  in  th e  E M R  
m a il su rv ey  sam p le , fo r  a n  u n w e ig h te d  e lig ib ility  s ta tu s  ra te  o f  7 9 .3 %  (7 7 .7 %  w e ig h ted ) . O f  th e se  

8 ,164  p h y sic ia n s , 5 ,2 3 2  w ere  d e e m e d  e lig ib le  an d  m a ile d  th e  P h y s ic ia n  W o rk flo w  q u es tio n n a ire , 
to  w h ic h  a  to ta l o f  3 ,1 8 0  p h y s ic ia n s  re sp o n d e d  fo r  a n  u n w e ig h te d  re sp o n se  ra te  o f  6 0 .8 %
(5 9 .0 %  w e ig h ted ). T h e  co m b in ed , o v era ll u n w e ig h te d  re sp o n se  ra te  is b a se d  o n  m u ltip ly in g  th e  
e l ig ib ility  sta tu s  ra te  b y  th e  w o rk flo w  m a il re sp o n se  ra te  am o n g  th o se  d e e m e d  e lig ib le . T h ere fo re , 

th e  co m b in e d  o v era ll u n w e ig h te d  re sp o n se  ra te  is 4 8 .2 %  (4 5 .8 %  w e ig h ted ) . In  o rd e r  to  be 
n a tio n a lly  re p rese n ta tiv e  a n d  co rre c t fo r  n o n resp o n se  b ia s , su rv ey  w e ig h ts  w ere  d e s ig n ed  to  use 

ch a rac te ris tic s  o f  la te  re sp o n d e n ts  (d a ta  o b ta in e d  b y  p h o n e) as a  p ro x y  fo r  n o n resp o n se . T hose  
re fu s in g  to  p a r tic ip a te  in  th e  E M R  su rv ey  w ere  co n ta c te d  to  d e te rm in e  e lig ib ility  an d  in c lu d ed  
in  th e  w o rk flo w  su rv ey  i f  e lig ib le . A b o u t 11%  o f  w o rk flo w  su rv ey  re sp o n d e n ts  h a d  re fu sed  to  

p a r tic ip a te  in  th e  E M R  survey , w ith  m o re  o f  th e se  re sp o n d e n ts  b e in g  n o n a d o p te rs  th a n  ad o p ters . 
F o r  e s tim a tes  fro m  th e  E M R  q u e s tio n n a ire  (e .g ., p rac tice  size  o r  o w n ersh ip ) , m iss in g  e s tim a te s  
in c lu d e  u n it  n o n re sp o n se  a m o n g  re sp o n d e n ts  w h o  re fu se d  to  ta k e  th e  E M R  q u es tio n n a ire . A m o n g  

w o rk flo w  su rv ey  re sp o n d e n ts , the p ro p o rtio n  th a t c o m p le te d  the E M R  q u e s tio n n a ire  w a s  g re a te r  
fo r  E H R  a d o p te rs  th a n  n o n ad o p te rs .

A ll re p o rte d  c o m p ariso n s  a re  s ta tis tica lly  s ig n ific an t u n le ss  o th e rw ise  in d ica ted . C o m p ariso n s  n o t 

m e n tio n e d  m a y  o r  m a y  n o t b e  s ta tis tica lly  sign ifican t. D a ta  an a ly se s  w ere  p e rfo rm e d  u s in g  the 
s ta tis tica l p a c k a g e s  S A S  v e rs io n  9 .2  (S A S  In s titu te , C ary , N .C .)  an d  S U D A A N  v e rs io n  10.0 (R TI 

In te rn a tio n a l, R e se a rc h  T rian g le  P ark , N .C .).
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