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We present supplementary information for our Research Letter in four sections: 

1. Data Collection 

2. Analysis of Statistical Significance of the Hypothesized Relationship 

3. Estimation of Effect Magnitude 

4. Replication and Policy Considerations 
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DATA COLLECTION 
 
Our data were recorded prior to the formulation of the hypothesis presented in our Research Letter. The 23 

handoff sessions were end-of-week transfers of responsibility from one of two outgoing attending 

physicians, who were each responsible for about half of the patients, to one of two incoming physicians. 

Most patients are new to the incoming, and several weeks will have normally elapsed in any cases that are 

not wholly new. eTable 1 presents information about the participating physicians that supplements the brief 

description in our Research Letter. 

 
 
 
 
 
 
  
  
  
  
  
  
  
 
 
   

eTable 1. Characteristics of participating ICU attending physicians.   

 

Sessions were video recorded under a research plan approved by the Research Ethics Board of Queen’s 

University. The data were deposited in the Kingston Handover Video Data Bank, to be used for various 

subsequent studies, including the present one, each requiring separate approval from the Data Oversight 

Committee. Physicians appearing in the videos signed informed consent documents allowing use of their 

identifiable images by researchers. Hospital personnel removed audio portions identifying patients, other 

physicians, and other hospitals. Subsequent analysis was conducted on de-identified recordings.  

 

A session is defined in our data as an interval in which an outgoing physician presents a set of patients to 

one or more incomings.  The Intensive Care Unit is a 21-bed facility in a tertiary medical center. Its work is 

divided between two teams. Each attending is normally responsible for the patients of one team, and 

provides backup coverage for the other attending. Therefore, they each like to be aware, as much as 

Age (mean,SD) 44.6 (8.3) 
Sex (female/male/total N) 1 / 9 / 10 
Primary Specialties N  (%) 
     Respirology 3 (30.0) 
     Emergency Medicine 2  (20.0 
     General Surgery 2 (20.0) 
     Internal Medicine 2 (20.0) 
     Anesthesiology 1 (10.0) 
Volunteer Participants / 
   Total Attending Staff 

10 / 11 

Years as Attending  
Physician (median, inter- 
quartile range) 

9 (2.5 – 15) 
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possible, of the conditions of the other team’s patients. As a result, more than two attendings are sometimes 

present in a session. Where two outgoings were present, but presented their respective patients bed-

sequentially in two separated blocks, these were treated as two sessions (we have 1 instance). Where two 

outgoings interleaved presentation of patients following the overall bed number sequence, this was treated 

as one longer session (we have 4 instances). Two sessions were recorded from telephone discussions 

between a single outgoing and a single incoming. With 10 physicians and 23 sessions, each involving 

multiple physicians, it follows that our physicians appear in multiple sessions. Inspection does not reveal 

that any individuals are consistently associated with extreme data values.  

 

The format of the handoff sessions was to take up discussion of the patients in the order they appeared on 

the bed-list produced by the hospital information system.  We have verified with the individual participants 

that this is the method they customarily used and were using in these recordings. All rooms in the unit are 

identically equipped and patients come to rooms that happen to be available and leave on irregular 

schedules. As a result, we find no basis for expecting a relationship between discussion order and the 

severity of patient illnesses. This is the ground of our assertion that severity of illness is effectively 

randomized in our observations.  

 

In a few instances a particular patient is discussed more than once during a session. In the analyses reported 

here we have therefore coded distinct patient-discussions.   (We occasionally use the short form 

‘discussion’ for patient-discussions.)  These cases are rare, however. This happens just 5 times among our 

262 discussions. To check that these cases are not outliers biasing our findings in favor our main 

hypothesis, we have rerun the main significance analyses with two alternate codings. In one, all discussion 

time for a particular patient discussed more than once was artificially relocated to the last discussion of that 

patient creating a session with one less discussion. This is the re-coding that should be maximally counter 

to our hypothesis as it could lengthen discussions near the end of the session and would remove any 

excessively long ones that were near the beginning. In the other alternate analysis, entire sessions with 

multiple patient-discussions were dropped.  In both re-analyses results were still highly significant. Indeed, 

in the first alternative, significance actually increased, that is, p became smaller.  Early segments for 
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patients with multiple segments were actually shorter while late discussions were already longer, so “back-

loading” such cases reduced their counter-hypothetical impact. 

 

Timing for the patient-discussions was done by three independent individuals, two coders (LG, CK) and the 

transcriptionist (MF). All were unaware of this study’s hypothesis.  The two coders used the Coder tool 

developed by the University of Illinois Physics Education Research Group.  

http://research.physics.illinois.edu/per/Coder/Documentation.html  

 

All cases of discrepancy greater than 3 seconds were identified and resolved by reviewing the videos.  A 

fourth data analyst (MDC) was involved in those resolution activities.  Such discrepancies were rare and 

usually due to divergent coding of interruptions, side conversations, or pauses. 

 

The hypothesis we investigate is what we’ve called the portfolio effect, that the time spent on a patient- 

discussion decreases as the session moves through successive patients.   

 

The unusual structure of the data complicates the assessment both of statistical significance (Is the 

relationship likely to be due to chance?) and of effect magnitude (Is the difference large enough to be of 

likely clinical significance?).  We have been especially careful to assess the two questions using multiple 

techniques and paying close attention to the distinctive features of the data.  

 

Those distinctive features are: 

• The number of patients discussed in a session (“session size”) varies (from 6 to 23, mean 11.4, 

median 11. Most sessions (15) are of size 8 to 11). 

• Due to scheduling busy participants, the total time of a session (“session length”) tends to be quite 

similar despite variation in numbers of patients (mean 27.1 minutes; SD 9.1 minutes). This makes 

duration per patient substantially a function of the number of patients in the session, although 

additional variance in session length also remains. 
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• The predictor variable in our data, ordinal position within a session, is a true ordinal. “Third” only 

means after the second and before the fourth. It is not the rank of an unobserved underlying 

quantity (as in “the third fastest runner”). This makes some categorical statistical methods 

inappropriate, since there is no underlying quantity to reconstruct. 

• The predictor variable in our data, ordinal position within a session, may be conditional on its 

session size.  Third in session of 6 may be different from third in a session of 13.  

 

Where necessary in our analyses, we have honored these limitations by using methods that assume only 

ordinal measurement of the predictor and either by analyzing sessions separately or pooling only sessions 

that discussed equal numbers of patients.  Although it is not strictly appropriate, we have also approximated 

the data with a linear regression. It yields very similar results. 

 

STATISTICAL SIGNIFICANCE  

 

Within each session, we can find the Kendall tau correlation coefficient, which measures the correlation of 

the order of patient-discussions in that session with the rank ordering of the lengths of the patient-

discussions, which we measured in seconds.(1) Because our predictor variable is ordinal, Kendall tau is the 

most appropriate test of the hypothesized (negative) relation.  It varies between 1.0 and -1.0. We have 23 

tau statistics of which 19 are negative.  Even by itself this would be quite unlikely by chance, but the 

magnitudes of the correlations allow us to be much more precise.  The mean Kendall tau across the 23 

session is -0.179 and the median is -0.282.  (With the exclusion of all 4 sessions containing patient re-

discussion, these increase to -0.272 and -0.289. To be conservative, we retain those cases.)   

 

The main question to be answered in this section is: what is the probability of observing correlations of this 

magnitude by chance?  It is difficult to devise appropriate significance testing for these observations.  What 

we have to evaluate is not just the individual correlations. (With the small session Ns, several of these are 

not significant.) Rather our question is how likely the total pattern of correlations would be by chance.   
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Standard significance testing is not available for this complex situation, but a random replacement Monte 

Carlo method allows us to answer the question.  We generate a pseudo-collection with the same number of 

sessions as our actual collection, and with the same number of patient-discussions in each session as occur 

in our actual data.  We make the ordinal positions of the patients and durations of the patient-discussions 

random numbers. We can then compute the Kendal tau for each session and have a set of Kendall taus for 

the collection of sessions. 

 

This process is replicated to produce 100,000 randomly generated collections. For each of these collections 

we calculate the mean and median values of the set of taus. We then examine where our observed values 

would fall in distributions of 100,000 random mean Kendall tau values, and of 100,000 random median 

values.   The histogram for the random means is shown below. 

 

 

eFigure 1. Histogram of 100,000 mean tau values, randomly generated using exact structure of the 23 

session data set.  

The simulation yields an estimate that our observed mean Kendall tau value, -0.179, would occur by chance 

with probability ≤ 0.00022 .  
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eFigure 2. Histogram of 100,000 median tau values, randomly generated using exact structure of the 

23 session data set.  

 

A similar analysis, using the median value of our observed Kendall taus, -0.282, and comparing it to 

100,000 medians of randomly generated collections of 23 sessions, generates the histogram above and 

yields an estimated probability of 0.00001 .  

 

Other analyses that do not use the overall pattern of all the data are nonetheless consistent with these 

significance estimates. For example, the paired values for the proportion of a session devoted to the first 

and last discussions can be evaluated with a Wilcoxon signed rank test. This yields a chance probability for 

the observed difference in means of p< 0.0373.  The equivalent test using the second and next-to-last 

discussions yields p< 0.0431 .  Similarly, we can compare the sum of time devoted to all patients discussed 

in the first half of a session to that for the second half (dropping the middle discussion when N is odd). The 

Wilcoxon test in this case yields p<0.0045. 

 

Finally, we estimated a trend line using the data of Figure 1 in the Research Letter. This was a regression of 

the proportion of session time used onto the proportional position of the discussion in its overall session  

(0 < x ≤ 1.0).  
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 DF SS MS F-Statistic P-Value 

x 1 0.0295275 0.0295275 7.98145 0.00509241 

Error 260 0.961875 0.00369952   

Total 261 0.991403    

 
eTable 2.  Analysis of variance for trend line of Research Letter Figure 1   

 

 

These various analyses all indicate that the portfolio effect is highly significant in the statistical sense. But 

is its magnitude of potential clinical relevance? 

 

EFFECT MAGNITUDE 

 

The specific characteristics of our data also complicate estimating the magnitude of the portfolio effect.  In 

this section we have responded to one issue, the variable temporal length of the sessions, by transforming 

the data.  The length of each patient-discussion, originally measured in seconds, then becomes the 

proportion of its total session that that patient-discussion occupied.  This still leaves the other issues listed 

above: variable number of patients per session, true ordinal predictor variable, and the possible interaction 

of session size with order. We take these into account in subsequent analyses. 

 

As mentioned in our Research Letter, we have used three approaches that produce reassuringly similar 

estimates.   The mean proportions of the first and last patient-discussions, taken over all 23 sessions, are 

0.116 and 0.075, for a mean difference of 0.041.  This means that in a session of mean length (27.1 

minutes) the first discussion on average is about 1 minute and 7 seconds longer than the last. Since our 

average discussion is just 2 minutes 23 seconds, this is a large estimated swing. (Although our concern here 

is the magnitude of the difference, using a signed rank test, the first and last would be this different by 

chance with p< 0.0373 . )  

  

This simple approach is useful, but since it pools all the sessions it does not take into account the variation 

in number of patients per session.  Two more elaborate methods do that.  The first is monotonic regression.  
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This is the approach that provides the most conservative handling of the ordinal character of the discussion 

position predictor.  The most cautious treatment of the variation in session number of patients is to estimate 

the relationship of ordinal position to session fraction separately for each session size.  We combine these 

in our second estimation procedure. 

 

Monotonic regression finds the (least squares) best fitting step function for the data, subject to the 

constraint that the estimated values are strictly non-increasing, or non-decreasing.(2) The algorithm that 

achieves this is generalized pool-adjacent-violators.  We have used the estimation package provided for this 

situation in the R statistical system by de Leeuw, Hornik and Mair.(3)  The best fitting descending step 

functions, estimated separately for all cases of the same session-size, are shown in eFigures 3 through 13 

below.  
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eFigure 3. Antitonic regression for 1 session of size 6. 
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eFigure 4. Antitonic regression for 3 sessions of size 8. 
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eFigure 5. Antitonic regression for 3 sessions of size 9. 
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eFigure 6. Antitonic regression for 4 sessions of size 10. 
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eFigure 7. Antitonic regression for 5 sessions of size 11. 
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eFigure 8. Antitonic regression for 1 session of size 12. 
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eFigure 9. Antitonic regression for 2 sessions of size 13. 

 

 



© 2012 American Medical Association. All rights reserved. 
 

18

 

 

eFigure 10. Antitonic regression for 1 session of size 15. 
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eFigure 11. Antitonic regression for 1 session of size 16. 
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eFigure 12. Antitonic regression for 1 session of size 18. 
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eFigure 13. Antitonic regression for 1 session of size 23. 

 

Each step function provides an estimate of best fitting value for each ordinal position in sessions of that 

size.  We can use these estimates to derive a value for expected share of the first and last discussions that 

can be compared to our earlier estimate based on simple means. The results, weighted by the number of 

sessions of each size, are 0.126 as the mean session share of the first patient-discussion and 0.075 for the 

last.  The agreement with the earlier estimates is quite compelling.  
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Finally, as discussed in the Research Letter, we can disregard the ordinal character of the position variable 

and use linear regression to approximate the relation of session fraction to session size, ordinal position, 

and their interaction. The resulting figure is shown below. The corresponding analysis of variance follows 

it. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

eFigure 14. Share of session estimated as linear function of session size, ordinal position, and their 
interaction. 
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 DF SS  MS  F-Statistic P-Value  

Session Size 1 0.151084 0.151084 49.3546 1.89649*10^-11  

Ordinal Pos 1 0.0268218 0.0268218 8.76187 0.00336212  

SS*OP  1 0.0237079 0.0237079 7.74465 0.00578542  

Error  258 0.789789 0.0030612    

Total  261 0.991403      

 

eTable 3.  Analysis of variance for linear approximation of response surface 

 

Session size must reduce the average share of each discussion, so that it should be expected to be highly 

significant. However, the linear estimate also shows ordinal position and its interaction with session size 

also to be statistically significant.  

 

Analysis showed squared terms to be insignificant.  The fitted model is:  

 

proportion of session = 0.2059 -0.0094 OP -0.0076 SS + 0.0004 OP* SS  

 

We can use the model to estimate the expected fraction of time received by first and last patients. The 

results are 0.119 and 0.077.  Again this is in excellent agreement with other methods.  Using our three 

methods we find ratios of first to last session share of 1.53, 1.68, and 1.66.  These support our statement in 

the article that first patient-discussions appear to take at least 50 percent more time than last patient-

discussions.  

 

Reviewers of an earlier version of this paper suggested that a linear mixed effects model estimation should 

be carried out with our data in order to account for possible effects of within-session correlation in our 
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observations.  Accordingly, we report such an analysis, completed with the R statistical package (v. 2.15.1, 

2012-06-22) and its lme4 library for mixed model estimation (Version 0.999999-0, 2012-06-22).  

 

As was the case with our simple regression approximation, we point out that the assumptions for a mixed 

model estimate are not fully met in a case with the complex structure of our handoff sessions. In particular, 

since the total session time is limited, the share of the session allocated to one patient endogenously affects 

the share available to be allocated to all subsequent patients. Nonetheless, the method does allow testing of 

the portfolio effect under a quite conservative assumption: what if the variance in our outcome variable, the 

fraction of a session devoted to discussing a given patient, should be ascribed as far as possible to whatever 

may have been idiosyncratic features of that observational setting, the session? This is accomplished by 

making the session a random effect in the model estimation.   

 

Reassuringly, the resulting estimate of the effect of ordinal position remains completely consistent with our 

other methods.  A median patient discussion in our sample consumes   0.0797 of its session. The fixed 

effect coefficient relating the relative position of the patient-discussion (ordinal position/session-size) to the 

actual fraction devoted to a patient is -0.0404.  Thus the first and last discussions of a median session will 

differ by 50.74 percent, in excellent agreement with our other estimates. Because our observational setting 

does not correspond fully to the modeling assumptions of linear mixed model analysis, the interpretation of 

the t-statistic must be qualified. That said, its value would indicate that the estimated relation would be 

significant (one-sided) with p < 0.0005 . 

 

The summary table for the analysis is presented in eTable 4. It shows that the fixed effect for session size 

and the random effect for session are both significant. Since for most of our session sizes we have only one 

or two observed sessions, these two  are also highly correlated . Therefore this modeling approach may not 

perfectly distinguish the effect of size (the number of patients discussed in the session) from other session-

level effects.  However, our central objective in this added analysis is to determine the magnitude of the 

coefficient for relative ordinal position. This approach, suggested for caution by our reviewers, produces 

essentially the same estimate for the portfolio effect in our dataset.
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Linear mixed model fit by REML   
Data: ho2.data   Number of observations: 262  Groups: sessionID,  23 
  
Formula:  
discussionFractionOfSession = sessionSize + ordinalFractionOfSessionSize  
                                       + (1 |  sessionID)  
    
    AIC    BIC                     logLik deviance  REML deviance 
 -733.3 -715.5  371.6   -772.2                   -743.3 
 
Random effects: 
 Groups     Name         Variance    Std.Dev. 
 sessionID  (Intercept)  0.0000000   0.000000 
 Residual            0.0031077   0.055747 
 
Fixed effects: 
                           Estimate Std.   Error   t value 
(Intercept)               0.1815357    0.0127168   14.275 
sessionSize             -0.0057105    0.0008035    -7.107 
ordinalFracOfSessSize  -0.0404452    0.0119791    -3.376 
 
Correlation of Fixed Effects: 
                (Intr)   sessionSize 
sessionSize    -0.815        
ordinalFracOfSessionSize  -0.545   0.042 

 

eTable 4.  Summary statistics for linear mixed model analysis 
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A NOTE ON REPLICATION AND POLICY IMPLICATIONS 

 

We believe that our investigation can readily be replicated. Indeed, some researchers may already have data 

in hand that could be reanalyzed with respect to our hypothesis.  Moreover, new data are quite inexpensive 

to collect, since what is required are identification of which patient is being discussed, which is normally 

presented during the handoff discussion, the order and timing of each discussion, and determination of the 

method used by participants to fix the order of patient-discussion.  In cases where severity is not effectively 

randomized, an additional index for that factor may be required. 

 

There are theoretical grounds from studies of group processes the lead us to expect that subsequent work 

will again find the effect we observed.  Gersick, for example, in her classic work on pacing in time-

constrained group decision(4), found that response to time pressure was much more pronounced in the latter 

half of a work session.  

 

If the findings are consistently replicated, it may be in order to consider procedural changes in shift-change 

handoffs – we note that ‘between-unit’ handoffs may be a distinct class(6) – in order to provide a better 

allocation of scarce handoff time across the portfolio of patients.  For example, physicians or nurses might 

decide to begin a session by designating the patients for whom it is important to leave sufficient time, 

making both parties aware of that consideration. Or the handing over party might take cases out of their 

arbitrary order (such as bed order or alphabetical order), deliberately discussing the most problematic cases 

early in the session (e.g., “sickest first”).  

 

Either of these approaches would have the effects of requiring outgoings to reflect on the overall portfolio 

of patients and to address a question that many incoming handoff participants have told us they want to 

learn about during portfolio handoffs: "Who are my sickest patients?"  In general, procedural changes along 

these lines should make handoffs more responsive to the needs of incoming clinicians, whose information 

needs are, after all, the central reason for having a handoff conversation(7). 
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