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Abstract: 
Background: One of the objectives of diagnostic laboratories 
is to satisfy turnaround time (TAT) commitments. It is 
imperative that they process samples efficiently. In a 
laboratory with automation tracks, there are two processing 
methods for sample centrifugation: spun on-track vs. not spun 
on-track. Similarly, there are two methods for loading samples: 
track-loaded vs. front-loaded. In practice, the selection of 
processing methods is highly subjective. Laboratories need a 
way to determine the TAT difference between different 
processing methods.

Methods and Results: We are developing a solution for 
comparing TAT for these sample processing methods that 
consists of data visualization and statistical hypothesis tests. To 
demonstrate the solution’s capabilities, we created a simulated 
data set of 76,506 test orders. For each test order, we randomly 
assigned a sample centrifugation method and a sample loading 
method. Based on the processing methods, we then randomly 
generate a TAT for each test order from a known distribution. 

The first component of the solution is an interactive 
visualization of the TAT distribution as a boxplot. In the 
simulated data set, visual inspection indicated the standard 
deviation of TAT of the track-spun and track-loaded options is 
smaller than that of not-track-spun and front-loaded options, 
respectively. The second component consists of hypothesis 
tests to determine if the difference in TAT between sample 
processing methods is statistically significant. The solution 
outputs results of unpaired Student’s t-tests. We rejected the 
null hypothesis and concluded that, in this simulated data set, 
the average TATs for the two centrifugation methods are 
statistically different; similarly, the average TATs for the two 
loading methods are statistically different.

Conclusions: We are developing a solution with a design goal 
that uses both data visualization and statistical hypothesis tests 
to help laboratories make informed decisions about sample 
processing. Laboratories can use data visualization to 
comprehend the TAT distribution, and the hypothesis tests to 
determine if different processing methods imply statistically 
significant TAT differences. Laboratories can then use this 
quantified insight to standardize operations using the most 
efficient processing methods.

Introduction: 
One of the objectives of diagnostic laboratories is to satisfy 
turnaround time (TAT) commitments. To do so, it is imperative 
that they process and handle samples efficiently. In a laboratory 
with automation tracks, there are two potential processing 
methods for sample centrifugation: spun on-track vs. not spun 
on-track. Similarly, there are two methods for loading samples: 
track-loaded vs. front-loaded.

In practice, the selection of sample centrifugation and loading 
methods is highly subjective and depends on personal 

perception and experience. For example, a lab technician might 
believe it is faster to load STAT (i.e., higher-priority) samples on 
instruments rather than placing them in the input module on 
the track. In order to make informed decisions, the laboratory 
needs a way to determine the TAT difference between samples 
spun in a centrifugation module on the automation track 
compared to those centrifuged off the track, as well as samples 
delivered to the instrument by the automation track compared 
to samples front-loaded directly on the instrument.

Methods: 
We are developing a solution for comparing TAT for these 
sample processing methods that consists of both data 
visualization and statistical hypothesis tests. 

Our design goal for the first component of the solution output 
is an interactive visualization of the TAT distribution as a 
boxplot. Our design goal for the second component consists 
of statistical hypothesis tests to determine if the difference in 
TAT between sample processing methods is statistically 
significant. Unpaired Student’s t-test was chosen because the 
mean and standard deviation of the population distribution is 
unknown, and also because the test orders used for each 
hypothesis test are non-overlapping. The solution outputs 
results of the t-tests.

For the t-test performed based on Sample Centrifugation 
methods, the null hypothesis is that the population mean TATs 
from the two Centrifugation methods are equal:

H0: μ1 = μ2

The alternative hypothesis is that the population mean TATs 
from the two Centrifugation methods are not equal:

H0: μ1 ≠ μ2

For the t-test performed based on Sample Loading methods, 
the null hypothesis is that the population mean TATs from the 
two Loading methods are equal. The alternative hypothesis is 
that the population mean TATs from the two Loading  
methods are not equal.

While performing the t-test, we do not assume equal variance 
of the two population distributions.

Data Source: Figure 1 illustrates the data source of the solution. 
In practice, the Test Orders, Automation Track Events, and Test 
Results messages are sent from the middleware within the 
laboratory. These messages are then parsed into information 
about the Sample Centrifugation method, Sample Loading 
method, and TAT, which will then be used to calculate and output 
the boxplots and the results of the hypothesis tests. 

Figure 1: Data source of the solution

Simulated Data: To demonstrate the solution’s capabilities,  
we created a data set of 76,506 test orders. For each test order, 
we randomly assigned a sample centrifugation method and a 
sample loading method. We assigned four different TAT 
distributions to each combination of centrifugation method 
and loading method, respectively (Table 1). Based on the 
processing methods of each test order, we then randomly 
generated a TAT from that assigned TAT distribution.  

Table 1: Assigned TAT distribution in minutes

* N(μ, σ2) indicates a Normal distribution with mean μ and standard deviation σ.

Results: 
Boxplots: The boxplots of TAT distribution by Centrifugation 
methods and by Loading methods are displayed respectively in 
Figures 2 and 3. Visual inspection indicated that, in the 
simulated data set, the track-spun Centrifugation method has 
TATs with less variation compared to the not-track-spun 
method.  Similarly, in the simulated data set, the track-loaded 
method has TATs with less variation compared to the front-
loaded method. 

The user can select specific assays (e.g., GLU, HCG) and time 
intervals of interest to have both boxplots updated in real time.

Figure 2 and 3: Boxplots of TAT distribution by centrifugation (left) 

and by loading (right) on simulated data

Hypothesis tests: From the output of the first t-test shown  
in Figure 4, we observed a smaller p-value compared to the 
significance level α = 0.01; therefore, we rejected the null 
hypothesis and concluded that, in this simulated data set,  
the average TATs for the two centrifugation methods are 
statistically different.

From the output of the second t-test shown in Figure 5, we 
observed a smaller p-value compared to the significance level  
α = 0.01; therefore, we rejected the null hypothesis and 
concluded that, in this simulated data set, the average TATs  
for the two loading methods are statistically different.

The user can select specific assays (e.g., GLU, HCG) and time 
intervals of interest to have the results of hypothesis tests 
updated in real time. 

Figures 4 and 5: Results of hypothesis tests on simulated data

Conclusion:
We are developing a statistical analysis-based solution to help 
diagnostic laboratories make informed decisions about sample 
processing. A key design goal for the solution uses a 
combination of data visualization and statistical hypothesis 
tests. Laboratories can first use data visualization to 
comprehend the TAT distribution and then use the hypothesis 
test to determine if different processing methods imply 
statistically significant TAT differences. Laboratories can then 
use this quantified insight to standardize operations using  
the most efficient sample processing methods.
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Hypothesis Test - Sample Centrifugation

t-statistics Degrees of 
Freedom p-value Significance 

Level Results Interpretation

-44.826 11438.848 0.000 0.01

The average TATs between 
these two centrifugation 
methods are statistically 

different

1This solution and the Atellica® Process Manager are in development. Not available for sale. Features listed are development 
design goals. Future availability cannot be guaranteed.  

Disclaimer 

This study was completed as part of product development for Atellica® Process Manager. The first component of this 
solution is not yet released. The second component was developed during the feasibility phase of product development 
for the Atellica® Process Manager Version 2.1 and is also not yet released.

Hypothesis Test - Sample Loading

t-statistics Degrees of 
Freedom p-value Significance 

Level Results Interpretation

-23.430 4174.758 0.000 0.01
The average TATs between 
these two loading methods 

are statistically different


