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Weighting coefficients in the ImproRisk© model 
 

The ImproRisk version 1.4 accommodates weighting coefficients to adjust the sample for non-

representativeness within the population. Exposure statistics e.g. mean exposure and standard error, will 

now be adjusted to reflect the population from which the sample was taken from. 

Each individual in the food survey sample will carry a “weight coefficient”. This coefficient will be a number 

(>1) that indicates the number of persons in the population that this individual represents. If for example 

an individual’s weight coefficient is 500, then that individual represents 500 persons in the population of 

the same population class.   

Weight coefficients, or simply “weights” need to be calculated beforehand by the risk assessor. The weight 

coefficients will then be installed in ImproRisk within the Subjects_Consumption template provided (see  

 

Subjects and Consumption template section). In case there are no weight coefficients assigned, the 

weight for each individual is set to “1” (i.e. subject represents only him/herself) 

Typically, weight coefficients are calculated using (recent) census data of the population.  

NOTE! ImproRisk uses frequency weights1 and not reliability weights. The formulae for adjusted estimates 

derive unbiased estimates for frequency weights and not for reliability weights. 

A typical way of calculating weights  

Let’s assume the user wants to adjust the sample by Gender and Age Group.  

First, a (cross tabulation) table of real population counts in each Gender by Age combination needs to be 

calculated. This is where the census data will be used.  

Assuming that the age group has 3 levels (Children, Adults, Elderly) and Gender has 2 levels (Males, 

Females), the cross tabulation gives a table of the total number of persons in each Gender by Age class, a 

total of 6 Classes (2X3=6).  

The corresponding sample counts will be calculated from the Sample data again by tabulation.  

The weight to be applied, is the ratio of the Population counts to the Sample counts for the Class to 

which the person belongs. This means that subjects that belong to the same “population” class will carry 

the same weighting coefficient, i.e. Adult men will all have the same “weight”, adult women the same, 

etc. 

In case the user wants to adjust for more than three population attributes (e.g. Gender, Age and Area), it 

is essential to note of the possibility (depending in the sample size and sampling strategy) that the sample 

crosstabulation may give many cells with no data or very small sample numbers. This would give very high 

weights to some individuals and lead to inaccurate results. 

                                                           
1 https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights  

http://www.improvast.com/
https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights
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A methodology for calculating weights for a non-representative sample is described on page 64 of the 

guide to the 2007 Australian National Children’s Nutrition and Physical Activity Survey:  

https://www.health.gov.au/internet/main/publishing.nsf/Content/589EFDBF5E7B916FCA257BF000211

E08/$File/user-guide-v2.pdf 

Example - Cyprus 

An example is provided to calculate the weight coefficients for the Cyprus sample (n=300) to adjust for 

the population (N=706652) (Figure 1). 

The crosstabulation for the sample counts (blue table) shows the distribution of gender and age group in 

the sample. The crosstabulation for the population counts (green table) shows the respective counts as 

extracted by tabulating the latest census data (CYSTAT, 2011)2 

The pink table (Weights rounded), shows the resulting weight coefficients for the 6 classes 

e.g. The weight coefficient for Male Adolescents will be 52862/19=2782 

e.g. The weight coefficient for Male Adults will be 259221/77=3367 

etc. 

It can be derived that the female proportion in the sample is 62.7% (188/300) while the female proportion 

in the population is 51.4% (362869/706652). This means that females are overrepresented in the sample. 

This is now adjusted when the weight coefficient for females for all age groups, is lower than that of males.    

Note that the weights do not need to be integers. In this example, we round the weights to the nearest 

integer for simplicity reasons. 

Figure 1: Weight coefficients calculated for the Cyprus population for a sample of 300 

 

 

                                                           
2 
http://www.cystat.gov.cy/mof/cystat/statistics.nsf/populationcondition_22main_en/populationcondition_22main
_en?OpenForm&sub=2&sel=2  

http://www.improvast.com/
https://www.health.gov.au/internet/main/publishing.nsf/Content/589EFDBF5E7B916FCA257BF000211E08/$File/user-guide-v2.pdf
https://www.health.gov.au/internet/main/publishing.nsf/Content/589EFDBF5E7B916FCA257BF000211E08/$File/user-guide-v2.pdf
http://www.cystat.gov.cy/mof/cystat/statistics.nsf/populationcondition_22main_en/populationcondition_22main_en?OpenForm&sub=2&sel=2
http://www.cystat.gov.cy/mof/cystat/statistics.nsf/populationcondition_22main_en/populationcondition_22main_en?OpenForm&sub=2&sel=2
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Subjects and Consumption template 
 

There is an updated version of the Subjects&Consumption template called 

Subjects_Consumption_Template.WeightingCoefficients.xlsx and it can be downloaded at 

www.improrisk.com 

An additional column (column G – “WCOEFF”) contains the weighting coefficient of each subject (Figure 

2). Note that the values should be frequency weights3 and not reliability weights. 

An example is shown in Figure 3 

IMPORTANT! When there are no weight coefficients assigned, the “WCOEFF” column is filled in with a 

factor of 1 for every subject (see Figure 4). 

 

Figure 2: New template for installing new consumption data. Worksheet “Subjects” 

 

 

                                                           
3 https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights  

http://www.improvast.com/
http://www.improrisk.com/
https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights
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Figure 3: Example of weighting coefficients (see WCOEFF) in the Subjects & Consumption template- Worksheet “Subjects” 

 

 

Figure 4: Subjects & Consumption template. If no weigh coefficients are assigned, the “WCOEFF” column is filled in with 1 
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Worksheets in ImproRisk v1.4 
 

The following worksheet changes were made: 

a) Subjects, b) Consumption, c) MeanConsumption, d) Contribution, e) Exposure- ExposureLB- 

ExposureMB- ExposureUB, f) GENDER- AREA- POP_CLASS, g) DrillDown. 

No effect of weight coefficients is seen in the Comprehensive worksheet 

Worksheets “Subjects” 
 

This worksheet, now additionally contains the “WCOEFF” column which corresponds to the weighting 

coefficient of each subject in the food survey. 

Additionally, the sum of the weight coefficients is displayed, next to the Sample Size (Error! Reference 

source not found.). 

Essentially, the sum of the weight coefficients will be the total population. The value SumOfWeights will 

be used for the weighted exposure statistics in the other worksheets.  

NOTE! 

In case the user needs to “calibrate”4 (i.e. change) the weight coefficients, it can be done through the 

“Subjects” worksheet. YOU SHOULD UNPROTECT the “Subjects” worksheet first (Go to Review-

>Unprotect. No password will be asked).  

DO NOT CHANGE THE VALUES OF THE “WCOEFF” COLUMN from the Exposure worksheet; only from the 

“Subjects” worksheet. 

When the values change in this worksheet, the model will automatically detect the changes and ask for 
recalculation. The model will prompt for recalculation when the user leaves the worksheet (Figure 6) 

 

 

                                                           
4 In case of extreme values, the weight coefficient of certain subjects may be reduced to avoid inflated mean 
exposure estimates 

http://www.improvast.com/
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Figure 5 Worksheet “Subjects” in ImproRisk v.1.4 

 

 

 

Figure 6 Model detects changes in the “Subjects” worksheet and prompts for recalculation 

 

 

 

http://www.improvast.com/
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Worksheet “Consumption” 
 

The “WCOEFF” column is also seen in the “Consumption” worksheet for each food consumption occasion 

(Figure 7). 

Note that the “WCOEFF” column DOES NOT participate in any calculations in this worksheet. The exposure 

at each food consumption occasion which appears in columns Q, R and S is unweighted. The weighting 

coefficients in this worksheet are used to calculate the contribution of each food category in the 

worksheet “Contribution”. 

Figure 7: “Consumption” worksheet in ImproRisk v.1.4 

 

 

 

Worksheet “Contribution” 
 

The look and feel of the Contribution worksheet has not changed, as shown in Figure 8. Nevertheless, the 

calculations performed have changed to consider the weighting coefficient of each subject. In Table 3, it 

is noticeable that the numbers have been increased considerably since the “WCOEFF” values are included 

in the formulas. The total exposure calculated here, is the estimated total exposure for the entire 

population. The same applies for Table 6. 

Table 4 still presents the contribution of each FoodEx Level1 food category to the total exposure. 

Table 5 now depicts the estimated mean exposure per day per person in the entire population. The 

formulas have been updated to TotalExposure/SurveyDays/SumoftheWCOEFF, instead of the 

TotalExposure/SurveyDays/SampleSize. 

 

http://www.improvast.com/
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Figure 8: “Contribution” worksheet in ImproRisk v.1.4 

 

 

 

Worksheet “MeanConsumption” 
 

The mean (average) daily consumption is calculated in this worksheet for each food at FoodEx Level 1 (20 

categories), as shown in Figure 9.  

 

Table 1 

In Table 1, there were no alterations in the calculations. The table still calculates the mean consumption, 

throughout the food survey period, for each individual in the sample and for each category at FoodEx 

Level 1. 

Table 2 

A. An additional column “Number of Consumers in the Population” is added in Table 2, which shows the 

projected number of consumers in the population. This number is simply the summation of the weight 

coefficients of the sample participants that consumed each food at Level 1.  

The formula used is ∑ 𝑤𝑖
𝑘
𝑖=1 ,  

where k is the number of subjects who consumed the food, and wi is the respective weight coefficient of 

the ith consumer. 

B. The “Consumer based (gr)” calculations (next column) have changed and  

the formula used is 
∑ 𝑦𝑖𝑤𝑖
𝑘
𝑖=1

∑ 𝑤𝑖
𝑘
𝑖=1 ,

,  

http://www.improvast.com/
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where k is the number of subjects who consumed the food, yi  is the mean consumption of the ith 

consumer, and wi is the respective weight coefficient of the ith consumer. Essentially, the formula 

calculates the total weighted (i.e. multiplied by the weight coefficient) mean daily food consumption for 

each individual, and divides by the number of consumers in the population. 

C. The “Population Based (gr)” divides over the whole population (i.e. Sum Of Weights) 

the formula used is  
∑ 𝑦𝑖𝑤𝑖
𝑘
𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1 ,

,  

where k is the number of subjects that consumed the food, yi  is the mean consumption of the ith 

consumer, wi is the respective weight coefficient of the ith consumer, and n is the total number of 

participants in the food survey. 

  

 

Figure 9: Example of the ”MeanConsumption” worksheet in the ImproRisk v.1.4 

 

 

Worksheet “Exposure” 
 

The calculations in Table 7 have not changed. The Weekly or Daily exposure is calculated for each 

individual in the sample. The WCOEFF column (new column added) is not considered in the calculations 

of table 7 (Figure 10).  

However, the WCOEFF column is used to calculate the weighted mean exposure in Table 8.  

A. The weighted mean exposure  

The weighted mean exposure is calculated using the following formula: 

Weighted mean exposure = 
∑ 𝑦𝑖𝑤𝑖
𝑛
𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1 ,

 

 

http://www.improvast.com/
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where n is the number of subjects in the sample, yi is the exposure for the ith subject, and wi is the 

respective weight coefficient for the ith subject. 

Essentially, instead of each data point (exposure of each individual in the sample) contributing equally to 

the final average, each individual contributes differently based on the weight coefficient.  If all the weights 

are equal (e.g. 1), the weighted mean is the same as the unweighted mean. 

B. The 95th percentile 

Due to the complexity of the calculations and formulae used when weighting factors are involved, the 95th 

percentile of exposure is calculated internally using a VBA script when either new Consumption or 

Occurrence data are installed. 

C. Percentage above the reference value 

Similarly, a percentage of the total population that exceeds the reference value is calculated and the 

weighting factor is also considered. 

Figure 10: Worksheet “Exposure” in ImproRisk v.1.4 

 

 

 

  

http://www.improvast.com/
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Worksheet “ExposureMB” 
 

The summary statistics in Table 13 of the worksheet are all weighted (Figure 11). 

The frequency weights (i.e."repeat"-type weights - integers counting the number of occurrences for each 

observation) and the estimators used are considered unbiased5. Analogous calculations are performed in 

the worksheets “ExposureLB” and ExposureUB”.  

The 25th percentile (Q1), the median (Q2) and the 75th percentile (Q3) are calculated internally using a 

VBA script. The IQR (Inter Quartile Range) is Q3-Q1, which is used in the calculation of the bins width for 

the histogram in Figure 8 in the worksheet. 

The weighted standard deviation is calculated using the following procedure: 

 

The weighted variance6 is  

𝑠2 =
∑ 𝑤𝑖 ∗ (𝑦𝑖 − 𝜇)2𝑛
𝜄=1

∑ 𝑤𝑖
𝑛
𝑖=1

 

or… 

𝑠2 =
∑ (𝑤𝑖 ∗ 𝑦𝑖

2) − 𝜇2 ∗ ∑ 𝑤𝑖
𝑛
𝜄=1

n
𝜄=1

∑ 𝑤𝑖 − 1𝑛
𝑖=1

 

where n is the number of subjects in the sample, yi is the exposure for the ith subject, wi is the respective 

weight coefficient for the ith subject, and μ is the weighted mean exposure. 

therefore, the weighted standard deviation is 

𝑠 = √
∑ (𝑤𝑖 ∗ 𝑦𝑖

2) − 𝜇2 ∗ ∑ 𝑤𝑖
𝑛
𝜄=1

n
𝜄=1

∑ 𝑤𝑖 − 1𝑛
𝑖=1

 

 

The standard error7 of the weighted mean exposure is given by 

 

𝑠𝑒 =
𝑠√∑ 𝑤𝑖

𝑛
𝜄=1

∑ 𝑤𝑖
𝑛
𝜄=1

 

where s is the weighted standard deviation, n is the number of subjects in the sample, and wi is the weight 

coefficient for the ith subject. 

                                                           
5 https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights 
6 https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights 
https://stats.stackexchange.com/questions/47325/bias-correction-in-weighted-variance  
7 http://www.analyticalgroup.com/download/WEIGHTED_MEAN.pdf  

http://www.improvast.com/
https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights
https://en.wikipedia.org/wiki/Weighted_arithmetic_mean#Frequency_weights
https://stats.stackexchange.com/questions/47325/bias-correction-in-weighted-variance
http://www.analyticalgroup.com/download/WEIGHTED_MEAN.pdf
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Figure 11 Exposure MB worksheet in ImproRisk v.1.4 

 

 

Moreover, Table 13 shows the number of subjects in the sample that are below or above the reference 

value and additionally the weighted proportion of the population above the reference value. 

Worksheets “GENDER”, “AREA” and “POP_CLASS” 
 

Analogous calculations for the weighted mean exposure, weighted standard deviation and standard error 

of the exposure, are calculated across each demographic. 

Note, that the estimates in these worksheets are based on the Middle Bound (MB) scenario of exposure.  

 

Worksheet “DrillDown” 
 

The use of calculated fields functionality in excel’s pivot tables lead to the creation of a file under the 

name “ExposureMB_weighted”, which contains the weighted exposure of the subjects (Figure 12). Mean 

exposure values shown on the pivot table and pivot chart are weighted. 

The first visualisation shown in the previous version of ImproRisk (v1.3.5) for the exposure across gender 

and LB-MB-UB scenarios, is removed from this version. 

  

http://www.improvast.com/
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Figure 12: “DrillDown” worksheet in ImproRisk v.1.4 
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