
APPENDICES 

1. Pre-Study Results on German Vaccination Systems/Portals 
Germany with its 16 federal states had 16 different approaches in the vaccination organization with 474 
vaccination centers respectively 0.31 million inhabitants per vaccination center. This means that the people had 
at least 16 different providers with at least 16 different vaccination portals for booking or pre-registration (see 
Figure 3 for an overview). 
 
The daily vaccinations rates were analyzed regarding the hypothesis whether centralized or decentralized 
systems outperformed, i.e., eight decentralized vs eight centralized (see classification according to Table 2), over 
the period January 1st until June 30th 2021 (Table 3). 
 
In a simple mean comparison hypothesis testing, no significant differences were found between centralized vs 
decentralized organizations. Decentralized and centralized organizations had both a mean of 0.5 daily 
vaccinations per 100, i.e., 15 vaccination per month (30 days), with a non-significant difference of the means.  
 
In addition, the size effect was tested since smaller, developed countries have in general the highest vaccination 
rate of over 90% full vaccination rates such as United Arabian Emirates (99%), Brunei (94%), Malta (93%), as well 
as Chile, Qatar, and Portugal (each 92%)5. Hence, the hypothesis was formulated that states with a smaller 
population have a higher vaccination rate compared to states with a larger population effect in the data, i.e., 
seven large vs nine smaller federal states with less than 4 mn inhabitants (cf. population size in Table 2) over the 
period January 1st until June 30th 2021 (Table 4). 
 
The hypothesis was rejected since small and large federal states had also a mean of approx. 0.5 daily vaccinations 
per 100 and a non-significant difference of the means.  
In the following, the vaccination portals of the 16 federal states are displayed.  
 

 
 

 
 



 
 

 
 
 
 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

2. Vaccination Rates of federal States in Germany 

 
 

3. User Interface for Vaccination Pre-Registration at Federal State Saarland 
 

 
 
 
5Cf. https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html, recorded 04/28/2022. 
 

4. Illustration of Vaccination Procedure at Federal State Saarland 

January 21 February 21 March 21 Apr 21 May 21 June 21

Rank State Vacc.R. Rank State Vacc.R. Rank State Vacc.R. Rank State Vacc.R. Rank State Vacc.R. Rank State Vacc.

1 Rhineland-Palat. 3,96    1 Thuringia 8,55    1 Thuringia 19,04  1 Saarland 39,68 1 Saarland 67,58 1 Saarland 100,06 

2 Mecklenburg-WP 3,94    2 Rhineland-Palat. 8,51    2 Bremen 18,79  2 Bremen 38,28  2 Bremen 66,89  2 Bremen 98,40   

3 Bremen 3,62    3 Bremen 8,40    3 Saarland 18,22 3 Thuringia 37,36  3 North Rhine-Westph.64,29  3 North Rhine-Westph.95,61   

4 Schleswig-Holstein 3,54    4 Hamburg 8,34    4 Berlin 17,75  4 North Rhine-Westph.37,18  4 Schleswig-Holstein62,76  4 Schleswig-Holstein94,49   

5 Berlin 3,43    5 Berlin 8,08    5 Rhineland-Palat. 17,54  5 Mecklenburg-WP 36,98  5 Rhineland-Palat.61,93  5 Mecklenburg-WP91,87   

6 Brandenburg 3,29    6 Schleswig-Holstein 7,98    6 Schleswig-Holstein17,33  6 Rhineland-Palat. 36,87  6 Mecklenburg-WP61,75  6 Rhineland-Palat.90,63   

7 Bavaria 3,25    7 Bavaria 7,96    7 Bavaria 17,05  7 Bavaria 35,47  7 Thuringia 60,88  7 Lower Saxony 89,52   

8 Hamburg 3,23    8 Saxony 7,78    8 Brandenburg 17,04  8 Lower Saxony 35,46  8 Baden-Württemberg60,05  8 Baden-Württemberg89,30   

9 Saarland 3,08    9 North Rhine-Westph.7,68    9 North Rhine-Westph.17,02  9 Schleswig-Holstein34,99  9 Lower Saxony 59,58  9 Berlin 89,00   

10 Thuringia 3,07    10 Mecklenburg-WP 7,68    10 Lower Saxony 16,99  10 Hamburg 34,72  10 Bavaria 59,40  10 Bavaria 87,99   

11 North Rhine-Westph.3,00    11 Saarland 7,44    11 Hessen 16,82  11 Baden-Württemberg34,62  11 Berlin 59,17  11 Hessen 87,91   

12 Hessen 2,93    12 Baden-Württemberg7,23    12 Hamburg 16,82  12 Saxony-Anhalt 34,60  12 Hessen 59,10  12 Hamburg 87,14   

13 Baden-Württemberg2,66    13 Hessen 6,90    13 Baden-Württemberg16,52  13 Berlin 34,50  13 Hamburg 58,27  13 Saxony-Anhalt 86,13   

14 Saxony-Anhalt 2,60    14 Brandenburg 6,87    14 Saxony 16,24  14 Hessen 34,29  14 Saxony 57,68  14 Thuringia 85,96   

15 Saxony 2,58    15 Lower Saxony 6,80    15 Saxony-Anhalt 15,62  15 Saxony 33,82  15 Saxony-Anhalt57,42  15 Brandenburg 83,46   

16 Lower Saxony 2,50    16 Saxony-Anhalt 6,09    16 Mecklenburg-WP 15,59  16 Brandenburg 33,22  16 Brandenburg 56,62  16 Saxony 82,56   



 
 

5. Three Sprints in the Vaccination Organization of the Federal State Saarland 
Two events were decisive in the vaccination process of Saarland: 

1. Change from appointment booking to pre-registration: January 27th 2021 
2. Extend vaccination (centers) by including GP vaccination: April 05th 2021 

 
Given the two events, three sprints are classified: Sprint 1 “Appointment Booking” (from 01/01/2021-
01/26/2021), Sprint 2 “Pre-registration and Allocation” (01/27/2021-04/04/2021), and Sprint 3 “Including 
GP/Doctor vaccination” (04/05/2021-06/30/2021). A simple mean value test was performed to statistically 
confirm the theoretical differentiation of the three sprints (Figure 4) (Table 5). 

All null hypotheses having the same mean are rejected on a 95% significance level so that the three sprints are 
confirmed to be different. In general, sprint 2 shows a triple high vaccination rate compared to sprint 1 (i.e., 
+214%) and sprint 3 again tripled compared to sprint 2 (i.e., +225%). In the first two sprints, the mean of the 
appointments almost equals the mean of the vaccination number per day (i.e., sprint 1: 895 vs 894 and in sprint 
2: 2.738 vs 2.801). As the GP/doctor vaccination started in April 2021, this changed and only half of the 
vaccination was generated through pre-registration booking and appointment allocation in the central 
vaccination centers. The other half was done in a decentralized way by the GP and doctors in their practices. 
 
 

 

 
Figure 3: Provider of vaccination booking/pre-registration in Germany accross federal states 

 



Figure 4: Booking, appointments, and vaccination time series in Saarland6 

Note: Time series of all days in the left diagram, appointments and vaccinations without Sundays in the right diagram 

 

6The first booking was done on December 24th, 2020, and the first vaccination took place on December 27th, 
2020, but to account for comparability the first vaccination phase was defined from January 1st until June 
30th, 2021 (see Introduction part) and the first (trial) days were neglected. 

 

Table 3: Daily vaccination rate per 100 inhabitants in categorized German federal states 

States Mean (µ) 
Stand.Dev. 

(SD) 
t-Stat.  

H0 (µC=µD) 
p-value 

Centralized 0.491176 0.416776 -0.17237 0.431622 

Dezentralized 0.498833 0.428254 (n=181, DF=360) 

 

Table 4: Daily vaccination rate per 100 inhabitants in categorized German federal states 

States Mean (µ) Stand.Dev. (SD) 
t-Stat.  

H0 (µC=µD) 
p-value 

Large 0.492528 0.431227 -0.11656 0.453637 

Small 0.497765 0.423665 (n=181, DF=360) 

 

Table 5: Mean, Standard Deviation (STD) and simple mean testing of daily appointment and vaccination sprints 

Appointments (daily) Vaccinations (daily) 

Sprint 
Mean 

(µ) 
SD Test t-stat. p-value Mean (µ) SD Test t-stat. p-value 

Daily 
VaccR 

1 895 372 H0 (µ1=µ2) 2.36 0.009*** 894 315 H0 (µ1=µ2) 2.71 0.003*** 0.09 

2 2’738 983 H0 (µ2=µ3) 2.06 0.02** 2’801 1’157 H0 (µ2=µ3) 5.45 0.000*** 0.28 

3 4’764 1’587 0 0 0 9’101 4’767 0 0 0 0.93 

 


