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Rationale and Objectives. To retrospect ively evaluate 
the association be tween  resident  per formance  on the 
American College of Radiology in-training examinat ion 
and performance on the American Board of Radiology 
wri t ten examination. 

M e t h o d s .  Percenti le scores from the in-training exami- 
nation ( low score, <20th percent i le)  and wri t ten board 
examination ( low score, <25 percent i le)  were  col lected 
for 58 residents in a large, university-based program 
during a 6-year period.  Mean in-training examinat ion 
scores were  compared  for the high score and low score 
wri t ten  board groups. In-training examinat ion scores 
were  correlated with  the wri t ten  board scores, and 
odds ratios were  calculated for the association be tween  
in-training examinat ion and wri t ten  board scores. Ad- 
justed in-training examinat ion and wri t ten  board odds 
ratios were  calculated for Mpha  Omega Alpha status 
and pr ior  clinical training. 

Results. The mean in-training examinat ion scores were  
statistically significantly higher  in the high score writ- 
ten board group (P = .0001). There was significant cor- 
relation be tween  the in-training examinat ion and the 
wri t ten board scores (P = .05). There was a significant 
association be tween  a resident 's  average in-training ex- 
amination score and wri t ten  board score. Mpha  Omega 
Alpha status was associated with  high wri t ten  board  
scores, and pr ior  clinical training was associated with  
low wri t ten  board scores (not significanO. 

Conclusion.  The resident 's  average in-training exami- 
nation score was a strong pred ic tor  of the wri t ten  
board score. The resident  wi th  a low in-training exami- 
nation score is at risk for poor  performance on the writ- 
ten board examinat ion and may benefit  from remedial  
training. 

K e y  W o r d s .  American College of Radiology in-training 
examination; American Board of Radiology wri t ten  ex- 
amination; radiology residency; radiology education.  

T he American College of Radiology (ACR) Commis- 

sion on Education and Committee on Residency 

Training have deve loped  the In-training Examination for 

Diagnostic Radiology Residents. Its purpose  is to pro- 

vide the residents wi th  information that is useful in the 

evaluation of their  progress and to provide the program 

directors wi th  data that are helpful in analyzing and 

evaluating their  programs. The examination is in tended 

to be a measure of general achievement  in diagnostic 

radiology for use by residents and program directors. It 

is not  in tended for use in judging the performance of 

examinees for qualification to any postgraduate  pro- 

gram or certification (ACR In-training Examination Bro- 

chure, 1995). However,  this examinat ion is often 

v iewed as a pract ice test for the American Board of Ra- 

diology (ABR) wri t ten board  examination. Many pro- 

grams use the in-training examinat ion to counsel  resi- 

dents regarding areas of deficiency as they prepare  for 
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the wri t ten board examination.  The ABR encourages 

program directors to utilize in-training examinat ions to 

assess the progress  of residents in training, to identify 

individual and program-related strengths and weak- 

nesses, and to improve graduate radiologic educat ion in 

general (ABR Certification Brochure, 1995). 

The purpose  of this study was to evaluate the rela- 

t ionship be tween  the results of the in-training examina- 

t ion and the wri t ten  board examination. We were  espe- 

cially interested in whe the r  poor  per formance  on the 

in-training examinat ion was predict ive of subsequent  

poor  performance on the wri t ten  board examination,  

given the probable  difference in resident  atti tudes to- 

ward  these two examinations,  namely, that residents 

seem to study much more  for the wr i t ten  board exami- 

nation than for the in-training examination.  

The pr imary null hypothesis  was that the in-training 

examinat ion score was not  associated wi th  the wri t ten  

board score. This study was designed to test this null 

hypothesis.  To further evaluate the predict ive value of 

the in-training examinat ion score, the in-training exami- 

nation score for each level of radiology residency was 

compared  with  the wri t ten  board score. 

MATERIALS AND METHODS 

Study Design 

This cohor t  study was per formed retrospectively.  

The cohor t  comprised  the six most  recent  res idency 

groups at a large, university-based radiology res idency 

program. Fifty-eight residents in the cohor t  were  in- 

cluded; three were  excluded because they did not  com- 

plete all of their  radiology residency in this program. 

Predictor Variables 

The overall score percent i les  for the in-training ex- 

amination from the 1st, 2rid, and 3rd years of res idency 

were  col lected for each resident. Scores for the 1st year 

were  not  available for two residents,  scores for the 2rid 

year were  not  available for four residents  (one of w h o m  

did not  have a lst-year score), and scores for the 3rd 

year were  not  available for another  two residents. An 

individual average in-training examinat ion score was 

calculated for each resident. 

All of the in-training examinat ion scores were  cat- 

egorized a pr ior i  as ei ther  high or low. A score that  

was greater  than or equal to the 20th percent i le  was 

considered "high," and a score that was less than the 

20th percent i le  was considered "low." This dist inction 

was chosen to identify those residents  who  might be at 

risk of failing the wri t ten  board examination.  The spe- 

cific choice of the 20th percent i le  as the dividing point  

be tween  high and low in-training examinat ion scores 

was an arbitrary selection. Each resident 's  series of in- 

training examinat ions were  also categorized as "all 

high" if all available scores were  high or as "one low" if 

one or more scores were  low. 

Outcome Variables 

The percent i le  scores for the diagnostic and physics 

por t ions  of the wri t ten  board examinat ion were  col- 

lected for each resident. These scores were  categorized 

as ei ther  high or low. A score greater  than or equal to 

the 25th percent i le  was considered "high," and a score 

less than the 25th percent i le  was considered "low." 

This a pr ior i  dist inction was chosen because one resi- 

dent  actually failed a por t ion  of the wri t ten  board ex- 

amination wi th  a score in the 24th percenti le .  Any resi- 

dent  scoring in this range is at risk for failing the writ- 

ten board examination.  Each resident ' s  wr i t ten  board 

scores were  also categorized as "both high" if both  

were  high or as "one low" ff at least one score was low. 

Seven residents were  in the one low category, three of 

w h o m  had a low score on the diagnostic por t ion  and 

four of w h o m  had a low score on the physics port ion.  

Of these seven residents, only three actually failed that 

por t ion  of the wri t ten  board  examination. Because of 

the low number  of residents who  did not  pass, failure 

was not  used as the outcome variable. No resident  

scored low in bo th  portions.  Only the initial wr i t ten  

board  results were  considered.  

Confounding Variables 

Before analysis was begun, we  p roposed  two poten- 

tial confounding variables that also may have influ- 

enced the wri t ten  board scores. These variables were  

the res ident ' s  Alpha Omega Alpha (AOA) Honor  Medi- 

cal Society status and whe the r  the resident  had clinical 

training before the radiology residency. These data 

were  col lected from the residents '  appl icat ion files. 

Data Analysis 

Data analysis was per formed with  the SAS/STAT sta- 

tistical package (SAS Institute, Cary, NC).  

Comparability of the Written Board Score Groups 

A compar ison was made of AOA status; clinical train- 

ing before radiology residency; overall score percen-  
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TABLE 1 : Resident and Examination Characteristics According to Written Board 
Scores 

Written Board Scores 

Both High One Low P 
Variable (n = 51) (n = 7) Value 

AOA 
Yes 16 
No 35 

Prior clinical training 
Yes 30 
No 21 

R1 ITE 

Mean percentile (SD) 56.67 (26.91) 
No. with high score 43 
No. with low score 6 

R2 ITE 

Mean percentile (SD) 55.73 (24.17) 
No. with high score 45 
No. with low score 3 

R3 ITE 
Mean percentile (SD) 48.40 (29.52) 

No. with high score 40 
No. with low score 10 

Average ITE 
Mean percentile (SD) 53.27 (23.37) 
No. with high score 46 

No. with low score 5 
All ITE 

No. with all high scores 36 
No. with one low score 15 

0 .173 
7 

7 .041 * 

0 

35.86 (19.47) .0543 

6 1.000 
1 

25.50 (23.23) .0055* 
3 .013" 

3 

13.50 (12.93) .0063* 

2 .014" 
4 

24.67 (8.92) .0001 * 
4 .048* 

3 

2 .041 * 

5 

Note.--ITE = ACR in-training examination, R1 = 1st-year resident, 
R3 = 3rd-year resident, SD = standard deviation. 
*Statistical significance at P = .05. 

R2 = 2nd-year resident, 

TABLE 2: Correlation between In-training Examination 
Percentile Scores and Written Board Percentile Scores 

In-training 

Examination 
Percentile 

Written Board Percentile 

Diagnostic Physics 

First-year residents r = .59801 r = .42820 
(P = .0001)* (P = .0010)* 

Second-year residents r = .66367 r = .52438 
(m = .0001)* (P = .0001)* 

Third-year residents r = .67888 r = .47183 

(m = .0001)* (P = .0O02)* 
Average r = .75467 r = .55434 

(P = .0001)* (P = .0001)* 

*Statistical significance at P = .05. 

tiles for the in-training examinat ion score from the 1st, 

2rid, and 3rd years of residency; each resident ' s  indi- 

vidual average in-training examinat ion score; and all of 

each resident 's  in-training examination,  according to 

both wr i t ten  board scores (Table 1). Continuous vari- 

ables were  compared  by using an unpaired t-test com- 

parison of the means. The categoric variables were  

compared  by using two-tailed P values calculated with  

the Fisher exact  method.  The g 2 test was not  used; 

each compar ison had at least one cell wi th  an expec ted  

value less than five. 

Correlation between In-training Examination 
Scores and Written Board Scores 

For each resident,  the overall score percent i les  for 

the in-training examinat ion from the 1st, 2nd, and 3rd 

years and the average in-training examinat ion score 

were  correlated with  the diagnostic and physics writ- 

ten board scores. Pearson correlat ion coefficients and P 

values were  calculated for each correlat ion (Table 2). 
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Association between In-training Examination 
Scores and Written Board Scores 

Odds  rat ios w i th  tes t -based 95% conf idence  intervals  

w e r e  ca lcu la ted  (Table 3). The  in-training examina t ion  

scores  w e r e  r e p r e s e n t e d  by  t w o  variables,  the  average 

in-training examina t ion  score  and all in-training examina-  

t ion scores.  The  average in-training examina t ion  score  

was  c h o s e n  to  r ep re sen t  a r e s iden t ' s  scores  for  all in- 

t raining examina t ions  taken.  All in-training examina t ion  

scores  w e r e  analyzed to  de t e rmine  w h e t h e r  p o o r  perfor-  

m a n c e  on  at least  one  in-training examina t ion  was  pre- 

dict ive of  p o o r  wr i t t en  boa rd  scores.  The  wr i t t en  boa rd  

scores  w e r e  cons ide red  together .  This o u t c o m e  was  cho- 

sen because  of  the  i m p o r t a n c e  to the  res iden t  of  pass ing 

bo th  por t ions  of  the  wr i t t en  boa rd  examinat ion .  

Individual Subgroup Analysis 

Subgroup  analysis  was  p e r f o r m e d  on  t w o  var iables ,  

the  r e s iden t ' s  AOA status and  w h e t h e r  the  r e s iden t  had  

c l in ical  t ra in ing be fo re  the  r ad io logy  res idency .  Associa-  

t ions  of  each  s u b g r o u p  w i t h  w r i t t e n  b o a r d  resul ts  w e r e  

ca lcu la t ed  (Table  3). 

The  assoc ia t ions  b e t w e e n  in- t raining e x a m i n a t i o n  

scores  and  w r i t t e n  b o a r d  scores  w e r e  ad jus ted  for  e ach  

s u b g r o u p  (Table  4). Mante l -Haensze l  s u m m a r y  odds  ra- 

t ios  w e r e  ca l cu la t ed  a long w i t h  t he  r e s p e c t i v e  test- 

b a s e d  95% c o n f i d e n c e  intervals .  Logist ic  r eg res s ion  

analysis cou ld  no t  be  p e r f o r m e d  for  a c o m b i n e d  sub- 

g r o u p  analysis b e c a u s e  m a n y  of  the  s u b g r o u p  ca tego-  

r ies c o n t a i n e d  zeros.  

RESULTS 

Comparability of the Written Board Score Groups 

Table 1 shows  the  compa r i son  of  in-training examina-  

t ion scores  and confound ing  variables b e t w e e n  those  

res idents  w i th  b o t h  high wr i t t en  boa rd  scores  and those  

w i th  at least  one  low wr i t t en  boa rd  score.  The  t test  is a 

m e t h o d  to de t e rmine  w h e t h e r  the  d i f ference  in the  

mean  or  average of  a var iable  (eg, in-training examina-  

t ion percen t i l e )  for  two  g roups  (eg, wr i t t en  boa rd  

scores)  is real  or  due  to chance  alone.  The  Fisher  exac t  

test  is a m e t h o d  to de t e rmine  w h e t h e r  the  d i f ference  in 

pe rcen tages  of  a var iable  (eg, h igh 2nd-year score  per- 

cent i le  for  the  in-training examina t ion)  in t w o  g roups  

(eg, wr i t t en  b o a r d  scores)  is real  or  due  to chance  alone.  

Excep t  for  the  1st-year score  p e r c e n t i l e s  for  the  in- 

t ra in ing  examina t ion ,  w h i c h  a p p r o a c h e d  s tat is t ical  sig- 

n i f icance,  the  m e a n  p e r c e n t i l e  in- training e x a m i n a t i o n  

scores  w e r e  s tat is t ical ly s ignif icant ly  l o w e r  for  the  resi- 

den t s  w i t h  one  l o w  w r i t t e n  b o a r d  score  (P  = .0055/  

.0063/ .0001) .  W h e n  the  in-training e x a m i n a t i o n  scores  

w e r e  d iv ided  into  h igh  and  l o w  ca tegor ies ,  a g rea te r  

p e r c e n t a g e  of  r e s iden t s  w i t h  one  l o w  w r i t t e n  b o a r d  

score  had  l o w  in- t raining e x a m i n a t i o n  scores.  This find- 

ing was  s tat is t ical ly s ignif icant  e x c e p t  for  the  1st-year 

score  p e r c e n t i l e s  for  the  in-training e x a m i n a t i o n  (P  = 

.013/ .014 . / .048/041) .  

For  the  c o n f o u n d i n g  var iables ,  a l o w e r  p e r c e n t a g e  of  

res iden ts  w i t h  one  l o w  w r i t t e n  b o a r d  score  w e r e  AOA 

m e m b e r s .  A h ighe r  p e r c e n t a g e  of  res iden ts  w i th  one  

l o w  w r i t t e n  b o a r d  score  had  u n d e r g o n e  p r io r  c l in ical  

t ra ining.  The  c l in ical  yea r  var iable  was  s ta t is t ical ly  sig- 

n i f icant  (P  = .041). 

Correlation between In-training Examination 
Scores and Written Board Scores 

Table  2 lists the  Pea r son  co r re l a t ion  coef f ic ien ts  (r)  

and  P values.  The  Pea r son  co r re l a t ion  coef f ic ien t  is a 

m e a s u r e  o f  t he  deg ree  of  l inear  co r re l a t ion  b e t w e e n  

t w o  var iables .  T h e r e  is no  co r r e l a t i on  at r --- 0; r = 1 is a 

me a su re  of  pe r f e c t  cor re la t ion .  The  as soc ia t ed  P value  

tes ts  w h e t h e r  the  l inear  co r re l a t ion  is s ta t is t ical ly  sig- 

nificant.  

T h e r e  was  h igh  co r re l a t ion  b e t w e e n  the  in- t raining 

e x a m i n a t i o n  scores  and  the  d iagnos t ic  w r i t t e n  b o a r d  

scores  (P  = .0001). The re  was  a t r e n d  t o w a r d  increas-  

ing co r re l a t ion  as t he  r e s iden t  a d v a n c e d  in t raining.  The  

bes t  co r re l a t ion  was  b e t w e e n  the  r e s ide n t ' s  average  in- 

t ra in ing  e x a m i n a t i o n  score  and  the  d iagnos t i c  w r i t t e n  

b o a r d  scores  (P  = .0001). A l though  still s ta t is t ical ly sig- 

nif icant ,  the  co r re l a t ions  w e r e  no t  so h igh  b e t w e e n  the  

in- t raining e x a m i n a t i o n  scores  and  the  phys i c s  w r i t t e n  

b o a r d  scores;  again,  the  r e s iden t ' s  average  in- t raining 

e x a m i n a t i o n  score  had  the  bes t  co r re l a t ion  (P = .0001). 

Association between In-training Examination 
Scores and Written Board Scores 

Table 3 lists the  odds  rat ios for  the  two  different  ways  

of  classifying the  in-training examina t ion  scores.  The  

odds  rat io is a measure  of  the  s t rength  of  the  associa t ion 

b e t w e e n  a p r e d i c t o r  var iable  (eg, h igh  in-training exami-  

na t ion  score)  and  an o u t c o m e  variable (eg, h igh  wr i t t en  

boa rd  score) .  There  is no  associa t ion  w h e n  the  odds  ra- 

t io is 1. ff the  o u t c o m e  variable  (eg, h igh  wr i t t en  boa rd  

score)  is m o r e  l ikely w i th  a p r e d i c t o r  variable (eg, h igh  

in-training examina t ion  score) ,  t hen  the  odds  rat io is 

g rea te r  than  1. The  associa t ion  b e c o m e s  s t ronger  as the  
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TABLE 3: Association with Written Board Examination Scores according to Odds 
Ratio 

Written Board Scores 

Both High One Low Odds 
Variable (n = 51) (n = 7) Ratio 95% CI 

AOA 
Yes 16 0 6.972 0.375, 129.482 
No 35 7 

Prior clinical training 
Yes 30 7 0.095 0.005, 1.746 
No 21 0 

Average ITE 

No. with high score 46 4 6.900 1.385, 34.375* 
No. with low score 5 3 

All ITE 
No. with all high scores 36 2 6.000 1.193, 30.175" 

No. with one low score 15 5 

Note.--CI = confidence interval, ITE = ACR in-training examination. 
*Statistical significance at P = .05. 

TABLE 4: Adjusted Associations between In-Training 
Examinations with Both Written Board Scores 

Average ITE All ITE 

Stratified Odds Odds 
Variable Ratio 95% CI Ratio 95% CI 

AOA 8.000 1.400, 45.722* 4.792 0.875, 26.248 
Prior clinical 6.750 1.131, 40.294* 6.875 1.237, 38.198" 

training 

Note.--CI = confidence interval, ITE = ACR in-training examina- 
tion. 
*Statistical significance at P = .05. 

odds ratio increases, ff the outcome variable (eg, high 

written board score) is less likely with a predictor vari- 

able (eg, prior clinical training), then the odds ratio is be- 

tween 0 and 1. When the 95% confidence interval for 

the odds ratio does not include 1, then the association is 
statistically significant (P = .05). 

Both ways of classifying the in-training examination 
scores showed strong associations between low in- 

training examination scores and one low written board 

score. These associations were statistically significant 

( P  = .05) .  

Indiv idual  S u b g r o u p  A n a l y s i s  

Individual subgroup analysis was performed to deter- 

mine whether  the primary association (eg, average in- 
training examination score and written board score) 

was actually the result of other confounding variables 

(eg, AOA status). First, the association between the 

confounding variable (eg, AOA status) and the outcome 

variable (eg, written board score) was evaluated. Then 

the primary association (eg, average in-training exami- 

nation score and written board score) was adjusted to 

remove any possible effects of the confounding variable 

(eg, AOA status). 

A OA status. AOA membership was associated with 

both high written board scores; however, the effect 

was not statistically significant (Table 3). When ad- 

justed for AOA status (Table 4), there was an even 

greater association of high average in-training examina- 

tion scores with both high written board scores (P = 

.05). The adjusted association when  using the all high 

in-training examination scores was lower and not statis- 

tically significant. 

Clinical training before radiology. Clinical training 
before the radiology residency was associated with one 

low written board score (Table 3); however, the effect 
was not statistically significant. When adjusted for prior 

clinical training (Table 4), there was little change in the 

associations of high in-training examination scores with 

both high written board scores. 

D I S C U S S I O N  

There has been widespread use of the in-training ex- 

amination among radiology residency programs. In 
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1994, it was adminis tered to 3,843 residents in 237 di- 

agnostic radiology programs (Mettler FA, final repor t  of 

ACR in-training examinat ion scores, 1994). Each resi- 

dent and each program develop individual uses for the 

in-training examinat ion results, from self-evaluation to 

predict ing performance on the wri t ten  board examina- 

tion to initiation of remedial  measures for residents [1]. 

Passing the wri t ten  board examinat ion is very impor- 

tant because it is one of the requirements  for ABR certi- 

fication. 

The in-training examinat ion was not  designed to pre- 

dict wr i t ten  board examinat ion performance;  however ,  

many peop le  have wonde red  how well  the two exami- 

nations correlate [2]. A 1993 survey addressing this is- 

sue p roduced  unclear  results [3]. In our study, the in- 

training examinat ion score was a strong pred ic tor  of 

the wri t ten  board  score. The mean in-training examina- 

t ion percent i les  were  significantly lower  for those resi- 

dents who  had low wri t ten  board scores. There was 

good, statistically significant correlat ion be twe e n  in- 

training examinat ion scores and wri t ten  board scores. 

There was a significant association be tween  low in- 

training examinat ion scores and low wri t ten  board 

scores as measured by the odds ratio. Our results sug- 

gest that an in-training examinat ion score of less than 

the 20th percent i le  identifies a resident  at risk for poo r  

performance or failure on the wri t ten  board  examina- 

tion. 

A resident 's  average in-training examinat ion score 

was the best  predic tor  of the wri t ten  board  score in our 

study. This finding was not  surprising given the vari- 

ability in scores expec ted  from a resident  after taking 

the in-training examinat ion several times. The average 

score should be a bet ter  estimate of the resident 's  ac- 

tual level of knowledge.  Thus, the average score would  

be expec ted  to be a bet ter  p red ic tor  of the wri t ten  

board score. 

The in-training examinat ion score was be t te r  corre- 

lated wi th  the diagnostic por t ion of the wri t ten  board  

examinat ion than with  the physics port ion.  This differ- 

ence may be explained by the in-training examinat ion 

format, which  includes basic medical  and clinical radio- 

logic questions as its major component .  The in-training 

examinat ion correlat ion was still good for the physics 

por t ion of the wri t ten  board examination.  

Results of the analysis of the confounding variables 

and the wri t ten  board scores were  interesting. The rela- 

t ionship of lower  wr i t ten  board scores to pr ior  clinical 

training may have been  related to the resident  select ion 

process.  The radiology residency posit ions that begin 

immediate ly  after medical  school are fewer  in number  

and potent ial ly more compet i t ive  in many programs. 

Thus, more highly qualified residents may have been  in 

the group wi thout  clinical training before radiology 

residency. 

None of the residents who  were  AOA members  

failed the wri t ten  board examination, regardless of in- 

training examinat ion scores. This effect was not  statisti- 

cally significant, but  the lack of significance may be a 

function of small sample size. It may be that AOA resi- 

dents deve loped  be t te r  study habits and test-taking 

strategies to succeed in medical  school, and they may 

have appl ied these skills to prepar ing for and taking the 

wri t ten  board examination. Our study suggests that the 

in-training examinat ion scores may be less predict ive of 

wri t ten  board  scores in those residents who  are AOA 

members.  
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