
Appendix 1  
Exploratory factor analysis 
 

We fitted exploratory factor analysis models with 1 to 6 factors using maximum likelihood 
estimation and an oblimin (oblique) rotation. Some fit statistics for these models are shown in Table 
1. None of the models fitted well according to the χ2 goodness of fit test; however, this test is known 
to be unhelpful for large sample sizes (e.g., Brown, 2006, p. 81). Changes in the χ2 statistic are more 
useful, and these revealed substantial improvements up to the model with 4 factors, and then 
smaller improvements after that. Parallel analysis (Horn, 1965) indicated keeping 4 or 5 factors, 
while the TLI, RMSR and RMSEA fit indices also suggested the need for at least 4 factors. 6 factors 
appeared to be too many, since one factor had only a single item with a factor loading greater than 
0.3 (and that item had a very high loading of 0.92). Therefore, we limited further consideration to 
the 4 and 5 factor models. 
 
Table 1: Fit statistics for models with different numbers of factors 

#factors #parameters TLI RMSR RMSEA χ2 value p 

1 13 0.46 0.11 0.14 2,649 <0.0001 

2 25 0.64 0.08 0.11 1,438 <0.0001 

3 36 0.82 0.04 0.08 582 <0.0001 

4 46 0.90 0.03 0.06 262 <0.0001 

5 55 0.92 0.02 0.05 155 <0.0001 

6 63 0.96 0.01 0.04 59 <0.0001 
TLI, Tucker Lewis Index; RMSR, root mean square of the residuals; RMSEA, root mean square error of 
approximation. Fit indices highlighted in bold are those meeting the cut-off for good fit according to Hu and 
Bentler (1999). 

 
The estimated factor loadings and factor correlations for the 4 factor model are shown in Table 2 
and Table 3. The pattern of factor loadings suggests that the first factor describes perception of risk 
for widely used drugs and medical procedures (paracetamol, OTC nausea drugs, antibiotics, swine 
influenza vaccine, dental X-ray and antidepressants). The second factor describes perception of risk 
for two herbal medicines that may be used as alternative treatments for nausea and urinary tract 
infections during pregnancy (cranberries and ginger). The third factor describes perception of risk for 
a few items that are known to be harmful during pregnancy (smoking, alcohol in the first trimester 
and thalidomide); it is notable that this factor has a 0 correlation with the cranberries/ginger factor. 
Finally, the fourth factor describes perception of risk for two dairy products that pregnant women 
are frequently advised to avoid because they may carry salmonella or listeria (eggs and blue veined 
cheese). Dental X-ray has a cross-loading on the third factor that is nearly as high as its loading on 
the first factor, so it does not unequivocally belong with the drugs from the first factor. 
 
 
Table 2: Factor loadings from an exploratory factor analysis with 4 factors (using ML estimation and an oblimin rotation) 

Substance Factor1 Factor2 Factor3 Factor4  R2 (Communality) 

Cranberries 0.05 0.65 -0.11 0.19  0.52 

Ginger -0.01 0.94 0.03 -0.05  0.86 

Eggs 0.06 0.03 -0.09 0.55  0.31 

Paracetamol 0.62 0.04 -0.11 0.02  0.39 

OTC against nausea 0.41 0.24 0.03 0.02  0.29 

Antibiotics 0.79 -0.07 -0.03 0.03  0.59 

Swine influenza vaccine 0.56 0.12 0.09 -0.10  0.38 

Blue veined cheese -0.05 0.00 0.19 0.58  0.41 



Dental X-ray 0.31 -0.05 0.23 0.12  0.21 

Antidepressants 0.62 -0.01 0.15 -0.02  0.45 

Alcohol during the 1st trimester 0.05 0.07 0.57 0.09  0.38 

Smoking  0.00 -0.03 0.78 0.02  0.61 

Thalidomide 0.03 -0.01 0.36 -0.13  0.14 
Factor loadings greater than 0.3 have been highlighted in bold for ease of identification. Analysis used 
complete cases only, n=2,113 

 
 
Table 3: Correlations between the 4 factors from the exploratory factor analysis 

 
Factor1 Factor2 Factor3 Factor4 

Factor1 1 
   Factor2 0.27 1 

  Factor3 0.24 0.00 1 
 Factor4 0.15 0.18 0.20 1 

 
 
The five factor solution (not shown) was similar. However, the five drugs were separated onto two 
different factors: paracetamol, antibiotics and antidepressants on one factor; OTC nausea drugs and 
swine influenza vaccine on the other factor. 
 

Mokken scaling 
 
Mokken scaling is often described as non-parametric item response theory (Sijtsma and Molenaar, 
2002). As with other forms of item response theory, it is applied to binary or ordinal data. While 
most researchers would treat items with 11 ordered categories (as for the risk perception items) as 
continuous rather than ordinal data, such an approach may be useful when the items are highly 
skewed, particularly when used alongside standard parametric methods. Highly skewed items could 
be problematic in factor analysis since they may give rise to non-linear relationships between an 
item and the factor; such non-linear relationships can lead to the extraction of spurious ‘difficulty 
factors’ (McDonald, 1965). 
 
A key tool in Mokken scale analysis is the H coefficient: H coefficients for pairs of items can be 
considered as ‘non-parametric’ correlation coefficients for ordered categorical data. They can be 
interpreted in a similar way to correlation coefficients: 1 indicates perfect agreement, while 0 
indicates no correlation. H coefficients for each pairing of the 13 items in our study are shown in 
Table 4 – this table may be considered as a non-parametric correlation matrix. H coefficients do not 
require correlations to be linear, unlike the widely used Pearson correlation coefficient. 
 
The negative H coefficients in Table 4 (for thalidomide with cranberries and eggs, and also for 
smoking with cranberries) confirm that these 13 items do not combine to form a single meaningful 
scale – it makes no sense to include items that are negatively correlated within a single scale. 
However, there may still be groups of items that form meaningful scales – the Mokken scaling 
procedure (Table 5) attempts to identify such scales. This uses an ‘automated item selection 
procedure’ (described in Sijtsma and Molenaar, 2002) to identify clusters of items that measure the 
same underlying latent factor. 
 
The scales formed by the automated item selection procedure depend on the choice of lower bound 
for the Hi `scalability coefficients’. These scalability coefficients may be thought of as non-parametric 
factor loadings (or alternatively as analogous to correlations between an item and the scale it is 



assigned to). As the lower bound is increased, the selection procedure becomes more stringent, and 
the resulting scales become more homogeneous. A lower bound ≥ 0.3 is often considered as a 
minimum requirement for a useful scale (for example, see Sijtsma and Molenaar, 2002, p. 60). When 
the lower bound is below this, the items do not have enough in common to trust the ordering of 
individuals by their combined scores on the relevant items. 
 
A recommended approach is to apply the automated item selection procedure using a range of 
values for the lower bound of Hi; the changes in the number and composition of scales as they are 
forced to be more homogeneous may be as informative as the actual scales formed at any particular 
value of Hi. Table 5 shows the scales formed when applying this process to the 13 risk perception 
items. Thalidomide does not fit well with the other items; similarly, dental X-ray is only included 
while the scales are allowed to be relatively heterogeneous. Focussing on scales that meet the 
recommend minimum for the lower bound, one of the scales formed when the lower bound is 0.3 
includes cranberries and ginger and as well as the five widely used drugs; this combination of herbal 
medicines with conventional drugs seems a little awkward from a substantive point of view. 
However, the four scales formed when the lower bound is 0.35 seem to correspond well with the 4 
factor solution from the exploratory factor analysis described earlier, and they make good 
substantive sense; one scale comprises widely used drugs, a second includes ginger and cranberries, 
a third includes smoking and alcohol in the first trimester, while a fourth includes eggs and blue 
veined cheese. Beyond this point the scales become less useful, since more and more items are 
excluded. 
 
Conclusion 
The results of the exploratory factor analysis and Mokken scaling seem to converge on the following 
grouping: 
1. paracetamol, OTC nausea drugs, antibiotics, swine flu vaccine influenza, antidepressants (76% of 
individuals with no missing values) 
2. cranberries, ginger (88% with no missing values) 
3. eggs, blue-veined cheese (92% with no missing values) 
4. alcohol in the first trimester, smoking (95% with no missing values) 
 
These groups of items appear to be sufficiently homogeneous for us to combine their scores. Dental 
X-rays and thalidomide do not appear to fit well with any of these groupings. 
 
References 
 
Brown, T.A., 2006. Confirmatory Factor Analysis for Applied Research. Guilford Press, New York, NY. 
Horn, J.L., 1965. A rationale and test for the number of factors in factor analysis. Psychometrika 30, 

179–185. 
Hu, L., Bentler, P.M., 1999. Cutoff criteria for fit indexes in covariance structure analysis: 

Conventional criteria versus new alternatives. Struct. Equ. Model. 6, 1–55. 
McDonald, R.P., 1965. Difficulty factors and non-linear factor analysis. Br. J. Math. Stat. Psychol. 18, 

11–23. 
R Core Team, 2012. R: A Language and Environment for Statistical Computing. Vienna, Austria. 
Revelle, W., 2013. psych: Procedures for Psychological, Psychometric, and Personality Research. 

Northwestern University, Evanston, Illinois. 
Sijtsma, K., Molenaar, I.W., 2002. Introduction to Nonparametric Item Response Theory, 

Measurement Methods for the Social Sciences. Sage Publications, Thousand Oaks, California. 
Van der Ark, L. Andries, 2007. Mokken scale analysis in R. J. Stat. Softw. 20, 1–19. 
 
 



 
Table 4: H coefficients for item pairs for all countries combined 

H coefficients > 0.3 have been highlighted in bold for ease of identification. Based on individuals with no missing values on these items (n= 2,113). 
 
 
 
 
  

Substance Cranber. Ginger Eggs Paracet. OTC nau. Antibio. Flu vac. Cheese X-ray Antidep. Alcohol Smoking Thalido. 

Cranberries 1             

Ginger 0.65 1            

Eggs 0.19 0.11 1           

Paracetamol 0.23 0.18 0.07 1          

OTC against nausea 0.31 0.35 0.11 0.37 1         

Antibiotics 0.18 0.15 0.11 0.53 0.32 1        

Swine flu vaccine 0.19 0.29 0.05 0.42 0.40 0.43 1       

Blue veined cheese 0.23 0.08 0.40 0.03 0.11 0.06 0.02 1      

Dental X-ray 0.07 0.08 0.18 0.25 0.23 0.29 0.25 0.15 1     

Antidepressants 0.19 0.20 0.09 0.41 0.33 0.55 0.42 0.09 0.30 1    

Alcohol (1st trimester) 0.18 0.20 0.11 0.17 0.12 0.20 0.21 0.26 0.21 0.26 1   

Smoking -0.18 -0.03 0.06 0.10 0.16 0.21 0.21 0.29 0.34 0.23 0.52 1  

Thalidomide -0.42 -0.01 -0.21 -0.07 0.17 0.09 0.14 0.10 0.11 0.28 0.17 0.28 1 



 
Table 5: Mokken scaling using the automated item selection procedure over increasing values of the lower bound for Hi 

Lower 
bound 
for Hi Scale 1 Scale 2 Scale 3 Scale 4 Not scaled 

0.10 Cranberries, Ginger, Eggs, Paracetamol, OTC 
nausea drugs, Antibiotics, Swine influenza vaccine, 
Blue veined cheese, Dental X-ray, Antidepressants, 
Alcohol (1st trimester)  

Smoking, Thalidomide    

0.15 Cranberries, Ginger, Paracetamol, OTC nausea 
drugs, Antibiotics, Swine influenza vaccine, Dental 
X-ray, Antidepressants, Alcohol (1st trimester) 

Eggs, Blue veined cheese, 
Smoking 

  Thalidomide 

0.20 Cranberries, Ginger, Paracetamol, OTC nausea 
drugs, Antibiotics, Swine influenza vaccine, Dental 
X-ray, Antidepressants 

Eggs, Blue veined cheese,  
Alcohol (1st trimester), Smoking 

  Thalidomide 

0.25 Cranberries, Ginger, Paracetamol, OTC nausea 
drugs, Antibiotics, Swine influenza vaccine, 
Antidepressants 

Eggs, Blue veined cheese, Alcohol 
(1st trimester), Smoking 

  Dental X-ray,  Thalidomide 

0.30 Cranberries, Ginger, Paracetamol, OTC nausea 
drugs, Antibiotics, Swine influenza vaccine, 
Antidepressants 

Alcohol (1st trimester), Smoking Eggs, Blue veined 
cheese 

 Dental X-ray,  Thalidomide 

0.35 Cranberries, Ginger Paracetamol, OTC nausea drugs, 
Antibiotics, Swine influenza 
vaccine, Antidepressants 

Alcohol (1st 
trimester), 
Smoking  

Eggs, Blue veined 
cheese 

Dental X-ray,  Thalidomide 

0.40 Cranberries, Ginger Paracetamol, Antibiotics, Swine 
influenza vaccine, 
Antidepressants 

Alcohol (1st 
trimester), 
Smoking 

 Eggs, OTC nausea drugs, Blue veined 
cheese, Dental X-ray, Thalidomide 

0.45 Cranberries, Ginger Paracetamol, Antibiotics, 
Antidepressants 

Alcohol (1st 
trimester), 
Smoking 

 Eggs, OTC nausea drugs, Swine 
influenza vaccine, Blue veined cheese, 
Dental X-ray, Thalidomide 

0.50 Cranberries, Ginger Antibiotics, Antidepressants  Alcohol (1st 
trimester), 
Smoking 

 Eggs, Paracetamol, OTC nausea drugs, 
Swine influenza vaccine, Blue veined 
cheese, Dental X-ray, Thalidomide 

0.55 Cranberries, Ginger Antibiotics, Antidepressants    Eggs, Paracetamol, OTC nausea drugs, 
Swine influenza vaccine, Blue veined 
cheese, Dental X-ray, Alcohol (1st 
trimester), Smoking, Thalidomide 

 
  



Appendix – Pearson correlation coefficients 
 
Table 6: Pairwise correlation coefficients for all countries combined 

Substance Cranber. Ginger Eggs Paracet. OTC nau. Antibio. Flu vac. Cheese X-ray Antidep. Alcohol Smoking Thalido. 

Cranberries 1             
Ginger 0.66 1            
Eggs 0.22 0.15 1           
Paracetamol 0.15 0.17 0.05 1          
OTC against nausea 0.21 0.30 0.13 0.31 1         
Antibiotics 0.08 0.12 0.09 0.46 0.30 1        
Swine flu vaccine 0.08 0.15 0.00 0.30 0.32 0.39 1       
Blue veined cheese 0.14 0.08 0.30 -0.01 0.09 0.00 -0.01 1      
Dental X-ray 0.05 0.07 0.13 0.14 0.18 0.25 0.21 0.12 1     
Antidepressants 0.07 0.10 0.06 0.26 0.27 0.49 0.37 0.06 0.25 1    
Alcohol (1st trimester) 0.01 0.05 0.06 0.09 0.07 0.14 0.14 0.21 0.21 0.18 1   
Smoking -0.06 -0.02 0.03 0.06 0.08 0.12 0.09 0.19 0.27 0.17 0.53 1  
Thalidomide -0.11 0.00 -0.07 -0.01 0.11 0.06 0.09 0.08 0.08 0.22 0.15 0.25 1 

Correlations > 0.2 have been highlighted in bold for ease of identification. OTC = ‘over-the-counter’ medicines. 
 


