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Abstract 

Background: The kindergarten is an important but relatively unexplored setting for promoting 

vegetable consumption. Especially in countries where kindergarten attendance is high, interventions 

may be beneficial. The purpose of this study was to explore cross-sectional relationships between the 

availability/accessibility of vegetables and feeding practices of staff in Norwegian kindergartens with 

the vegetable consumption of preschool children (3-5 years old).  

Methods: During April to June 2015 baseline data were collected for the BRA med grønnsaker study 

(BRA-study, translated as ‘good with vegetables’). A sample of 439 preschoolers (52.2% born in 2010; 

50.8% girls) from 70 kindergartens participating in the BRA-study was included in the data analyses. 

To estimate children’s vegetable consumption, questionnaires among parents and observation of the 

children during two meals in the kindergarten were used. Exploratory factor analysis on questionnaire 

responses of kindergarten staff (N=398) was used to explore scales developed to measure the 

physical and social environment. For the derived factors, an average score for each kindergarten was 

calculated and linked to children from the corresponding kindergartens. Linear regression was applied 

to assess the relationship of the environmental factors with children’s (1) frequency, (2) variation and 

(3) amount of vegetable consumption, controlling for children’s year of birth and gender. Potential 

mediation and moderation effects were assessed.  

Results: Factor analysis resulted in the extraction of two factors for the physical environment: 

“availability at kindergarten” and “accessibility at kindergarten”. Six feeding practices were derived: 

“modelling”, “preparation involvement”, “initial encouragement”, “reactive encouragement”, “strictness”, 

and “rewarding”. Frequency of vegetable consumption was positively associated with initial 

encouragement and negatively with reactive encouragement. The variation of vegetable consumption 

was positively associated with modelling and strictness, and negatively with reactive encouragement. 

The consumed amount of vegetables was positively associated with the accessibility of vegetables. 

Initial encouragement was found to mediate the positive relationship between frequency and both 

availability and accessibility. Modelling was a significant mediator of the positive relationship between 

accessibility and variation. Moderation analyses revealed that availability was a stronger positive 

correlate of frequency in kindergartens with stricter feeding practices. For the amount, accessibility 

was a stronger positive correlate in case of more preparation involvement. Availability was a stronger 

positive correlate of the amount when staff was more strict and rewarding.  

Conclusions: Different factors in the physical and social kindergarten environment were related to 

children’s frequency, variation or amount of vegetable consumption. Frequency and variation seemed 

to be directly influenced by feeding practices such as encouragement and modelling, and indirectly by 

availability/accessibility, while amount seemed directly influenced by the accessibility of vegetables. 

Positive feeding practices may strengthen the relationship between the availability/accessibility and 

vegetable consumption. The results of this study provide further evidence for the important role of the 

kindergarten setting in promoting healthy eating habits.  
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Background   

The impact of nutrition on health is widely recognized and especially the consumption of fruit and 

vegetables is universally promoted. High intakes of fruit and vegetables have been associated with 

many health benefits, among which a decreased risk for several types of cancer [1-3], cardiovascular 

diseases [4], and diabetes [5, 6]. Fruit and vegetable consumption seem to play an important role in 

the prevention of childhood obesity [7, 8]. However, among Norwegian children especially the 

vegetable intake is lower than dietary guidelines recommend. The latest Norwegian national dietary 

surveys all show a low consumption of vegetables for several age groups including preschool children 

[9-13]. Vegetable intake is even lower among children with a lower socioeconomic status (SES), which 

can contribute to social inequalities in health [14]. Eating behaviours are to some extent formed in 

early childhood and research has confirmed tracking of dietary patterns from childhood into adulthood, 

so promoting healthy eating behaviours at an early age is important [8, 15-17]. Because a growing 

number of young children are attending some form of childcare, the kindergarten is emerging as a 

relevant setting for interventions targeting preschool children [16, 18, 19]. In Norway, the attendance in 

kindergarten was 90% among 1 to 5 year old children in 2013 [20]. Moreover, children spend the 

majority of their day in child care settings, in which they consume a large amount of the food and 

drinks that contribute to their daily nutritional intake [18]. The kindergarten even seems a suitable 

setting to target low-income minority children [21]. However, so far there has been much more 

attention for (intervention) research on vegetable consumption targeting school-aged children than 

preschool children [22]. The promotion of vegetable consumption in kindergartens is important, since 

many kindergartens do not meet nutritional recommendations [18, 23, 24]. In Norway, a national 

survey showed that almost 90% of kindergartens served fresh fruit five days a week, but only 35,6% 

served vegetables five days a week [25].   

  Research has shown that children’s dietary behaviour is influenced by factors in the physical 

and social environment [26]. Environmental influences might especially be strong for preschool 

children, since they are still in an early stage of cognitive development. The influence of socio-

cognitive determinants such as self-efficacy or outcome expectancies seems limited [27]. With regard 

to the physical environment, the availability and accessibility of vegetables play a role in the dietary 

behaviour of children [26]. The availability of vegetables usually refers to the concrete presence of 

vegetables in the environment or in meals, whereas accessibility also assesses whether vegetables 

are easily accessible or ready to eat [28, 29]. Empirical studies support the influence of accessibility of 

vegetables on dietary behaviour of children, for instance in the home and school setting [29, 30]. One 

study showed no significant correlations between preschoolers’ dietary intake and the physical 

environment in the kindergarten, i.e. number of children and staff present, and availability/accessibility 

of water taps [31]. Research is needed to investigate the relationship between the availability of 

vegetables in kindergartens and dietary intake.  

  Regarding social environmental factors, parental feeding practices have been shown to be 

related to the dietary behaviour of children [26, 32-34]. However, little is known about childcare 

provider’s influences on children’s dietary behaviour. Since children spend a lot of time in childcare, 

interpersonal relationships between children and kindergarten staff might influence the dietary 
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behaviour of young children. Some research towards the types of influence that childcare providers 

may have on children’s dietary intake confirms that caretaker’s feeding practices are comparable to 

parental feeding practices [23, 35]. These feeding practices for instance relate to food modelling, 

socialization practices such as sharing attitudes, and childcare provider food parenting styles such as 

encouragement or pressure towards eating vegetables [23, 36]. One study on the effects of different 

forms of teacher encouragement on preschoolers’ food acceptance showed that choice offering, 

insisting and reward were more effective than modelling and simple exposure [37]. Another study 

showed that children ate more vegetables when childcare staff encouraged them to continue eating 

[38].  

  A systematic review of the relationship between childcare educators’ practices and 

preschoolers’ physical activity and eating behaviours showed that educators may play a positive role 

in promoting healthy eating behaviours in children. However, only five studies that assessed eating 

behaviours were included, which were rated to be of low to moderate quality by the authors and of 

which only one was performed later than the year 2000. The authors conclude that the influence of 

specific components of educators’ practices on eating behaviours remains unclear [39]. More research 

is needed to explore the relationship between vegetable intake and different forms of caretaker’s 

feeding practices.    

  This study aimed to examine the extent to which several feeding practices of kindergarten staff 

and the availability and accessibility of vegetables in Norwegian kindergartens were associated with 

the vegetable consumption of 3 to 5 year old children. It was hypothesized that a high availability and 

accessibility of vegetables and positive feeding practices would be related to a higher vegetable 

consumption. Furthermore, it was hypothesized that feeding practices would mediate the relationship 

between the availability/accessibility of vegetables and children’s vegetable consumption, and that 

positive feeding practices would strengthen the relationship availability/accessibility and vegetable 

consumption.  
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Methods  

Data sources  

During April to June 2015, baseline data were collected for the BRA med grønnsaker study (BRA-

study, translated as ‘good with vegetables’), a cluster randomized controlled trial of a home- and 

kindergarten based intervention to increase the vegetable consumption of children. All 479 public and 

private kindergartens in the counties of Vestfold and Buskerud, Norway, were invited by letter to 

participate in the intervention, resulting in the participation of 73 kindergartens (15.2% response rate). 

A total of 115 pedagogical leaders and 283 assistants of the kindergarten departments completed a 

nutritional and kindergarten environment questionnaire. The number of participating staff members per 

kindergarten varied from 2 to 16 with a mean of 6 participating staff members.  

  Within the 73 kindergartens, parents of 1631 children aged 3 to 5 years were invited by letter 

to participate. Parents were allowed to participate with more than one child. Parental consent was 

obtained for 633 children (38.8% response rate). Consequently, 70 of the 73 kindergartens had 

children that were participating in the study, varying from 1 to 13 participating children in each 

kindergarten with a mean of 6 participating children per kindergarten. A web-based questionnaire filled 

in by parents provided information about the frequency and variety of children’s vegetable intake 

(N=439, 69% of 633). Observational data of a subsample of 411 children (65% of 633) were used to 

estimate the amount of vegetables consumed at two meals in one day in the kindergarten.  

Procedures and measures 

The Norwegian Social Sciences Data Services approved the study and all staff members and parents 

of children who agreed to participate gave consent by returning the questionnaire.  

Parental web-based questionnaire 

In March 2015, all parents that agreed to participate in the BRA-study received a link to a web-based 

questionnaire by e-mail. A pilot study with 10 mothers was carried out to test and revise the 

questionnaire. In the final questionnaire, the frequency and variety of 18 different types of vegetables 

were assessed with the following question “How often does your child eat the following vegetables?” 

There were nine response alternatives that varied from 1-3 times a month to 2 or more times a day. 

Due to asking about 18 different types of vegetables in the questionnaire, the variation of vegetable 

consumption for a child could vary from 0 to 18. Pickled or preserved vegetables and potatoes were 

not included as vegetables. If parents participated with more than one child, they received separate 

links for each child. A reminder was sent to non-responders after three weeks. 

Staff members questionnaire 

During April to June 2015, project members visited all 73 kindergartens that agreed to participate. 

Pedagogical leaders and assistants received a nutritional and kindergarten environment pen and 

paper questionnaire. The questionnaire contained questions to measure the availability/accessibility of 

vegetables and different feeding practices related to the encouragement of eating vegetables, 

pressure or demand to eat vegetables, and role modelling of eating vegetables. All items could be 

answered on a 5-points Likert scale with response categories varying from strongly disagree to 
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strongly agree with a neutral midpoint. Availability/accessibility was measured by 13 items, retrieved 

from questionnaires that assess the availability of food in the home setting [28, 36]. For example, it 

was assessed if the bowl with vegetables was sent around the table, and was reachable for the child. 

Subsequently, all items related to staff’s feeding practices were retrieved from questionnaires 

designed to assess parental feeding practices [28, 32, 36, 40]. Encouragement was measured by 15 

items, including questions about the extent to which staff described the consistency and taste of 

vegetables, or showed the children how to explore vegetables with their senses. Pressure and 

demand was a 4-item scale assessing how strict staff members were with children eating their 

vegetables. Role modelling was measured by 6 items, among which the extent to which the staff 

members set an example by eating vegetables themselves, and showed enthusiasm about eating 

vegetables.   

Direct observation 

Not all participating children could be observed because of limited research capacities. During the 

visits to the 73 kindergartens (April to June 2015), the research team conducted direct observation if 

the kindergarten had three or more children participating in a department. Children were observed 

during lunch and the afternoon snack. Each project member observed one to four children 

simultaneously, with a maximum of eight children per kindergarten in total. Preferably, children of 

mothers with a low educational level were observed and otherwise children were chosen for 

observation at random. Maternal education was used as an indicator of the socioeconomic position of 

the whole family. At all times, researchers were standing close to the tables of the children to 

adequately observe them. The researchers recorded the intake of vegetables on an observational 

form. Next to the observational form, researchers used a coloured picture sheet to decide on portion 

size. Since most kindergartens in Norway serve a hot meal for lunch once a week, two photograph 

series with four different portion sizes of a hot meal were included. After the data collection, the 

observed portion sizes were converted to grams based on reference weights.  

Statistical analyses  

All data were processed and analysed with use of the programme IBM SPSS statistics version 22. 

Descriptive statistics were used to explore characteristics of respondents, such as children’s gender, 

age, and vegetable intake.  

  The data of the pedagogical leaders and assistants were combined, resulting in a sample of 

398 kindergarten staff members. The Kaiser-Meyer-Olkin measure of sampling adequacy and 

Bartlett’s test of sphericity were assessed to check whether the data were suitable for factor analysis. 

Principal Axis Factoring with promax rotation was used to explore factors assumed to be related to 

vegetable intake. The items regarding the availability/accessibility of vegetables and feeding practices 

were entered into the factor analysis separately. Only factors with an eigenvalue above 1.0 were 

retained. The cut-off point for factor loadings was 0.30 [41]. When items did not load on any factor or 

loaded high on more than one factor, the analysis was repeated without these items. When no clear 

factor structure was present, the analysis was repeated while forcing to extract fewer factors to 

improve the interpretability of the results. The corrected item-total correlations (CITC) and Cronbach’s 
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α were calculated to estimate the internal reliability of the factors. CITC values above 0.30 were 

considered reliable [42]. Cronbach’s α of 0.70 or higher are generally seen as acceptable values [43]. 

  The possible clustering by kindergartens was checked using Linear Mixed Model analyses. 

Zero to 1.6% of the unexplained variance of the variation, frequency and amount of vegetable 

consumption was found at the kindergarten level, hence this was not taken into account in the 

analyses [44]. The kindergarten staff data were aggregated to compute a mean score of the factors 

derived from the factor analysis for each kindergarten. The mean scores of the environmental factors 

were then linked to children in the corresponding kindergartens.   

  Assumptions for regression analyses were checked. Potential multicollinearity was checked by 

calculating the Variance Inflation Factor (VIF). Linear regression analysis was used to examine the 

association between children’s vegetable consumption and the independent variables: the 

availability/accessibility of vegetables and the feeding practices derived from the factor analysis. In 

analyses of the amount of vegetable consumption, only children with data from both the parental 

questionnaire and the observations were included (N=285).  

  Two models were set up to measure the associations between the frequency and variation of 

vegetable consumption and the independent variables via mediating pathways (Figure 1a and Figure 

1b). According to MacKinnon [45], mediation effects can only occur when there is a significant 

relationship in the b-path, hence between the potential mediator and outcome variable. Therefore, 

mediation analyses were only performed for feeding practices with a significant relationship with 

vegetable consumption in the linear regression analysis. Single mediation analyses were conducted in 

three steps: (1) calculation of the c-path measuring the association between availability or accessibility 

of vegetables at kindergarten and the frequency (model 1) or variation (model 2) of vegetable 

consumption; (2) calculation of the a-path measuring the relationship of availability or accessibility with 

each of the potential mediating feeding practices (M1-M3); (3) calculation of the b-path measuring the 

relationship between the potential mediating feeding practices (M1-M3) and the frequency (model 1) or 

variation (model 2) of vegetable consumption, controlled for the predictor variable. Direct effects (c’ –

paths) of availability/accessibility on the frequency of vegetable consumption (model 1) and the 

variation of vegetable consumption (model 2), adjusted for significant mediators in the single mediation 

analyses, were obtained using the SPSS PROCESS macro described by Hayes [46]. Mediation 

effects (a × b) with 95% confidence intervals were obtained from bootstrapping, calculated by 1000 

independent samples using Hayes’ PROCESS macro. Effect sizes of the significant mediation effects 

were assessed by calculating the percentage mediation effect (PM).  
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      c-path 

                     c’-path 

P1 Accessibility of vegetables                                           

P2 Availability of vegetables               a-path                             b-path  

                                                                                                                       

 

      

    

                                                                M1 Initial encouragement 

                                                                M2 Reactive encouragement 

                                                                

Figure 1a Model of the relationship between availability/accessibility and frequency of vegetable 

consumption through mediating pathways  

 

      c-path 

                     c’-path  

P1 Accessibility of vegetables                                           

P2 Availability of vegetables               a-path                             b-path  

                                                                                                                       

 

      

  

                                                                M1 Modelling  

                                                                M2 Reactive encouragement 

                                                                M3 Strictness 

 

Figure 1b Model of the relationship between availability/accessibility and variation of vegetable 

consumption through mediating pathways 

 

One of the core principles of ecological models is that influences on behaviours interact across 

different levels and between different types, such as the physical and social environment [27]. Single 

moderation analyses were performed to assess potential interaction effects between physical and 

social environmental factors, i.e. availability/accessibility and the different feeding practices. The 

variables were centred at their means to avoid multicollinearity [47]. Hayes’ PROCESS macro was 

used to obtain interaction effects with 95% confidence intervals from bootstrapping, calculated by 

1000 independent samples. In case of significant interactions, simple slopes analyses were performed 

to determine associations at three values of the moderator; one standard deviation below the mean, at 

the mean, and one standard deviation above the mean. If no clear pattern was present, the Johnson-

Predictor variables Outcome variable: 

Frequency of vegetable consumption 

Potential mediating 

feeding practices 

Predictor variables Outcome variable: 

Variation of vegetable consumption 

Potential mediating 

feeding practices 
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Neyman technique was used to determine the significance region(s) of the interactions and a line 

graph was used to visualize the results [47].  

  All analyses were corrected for children’s year of birth and gender. No significant differences 

in vegetable consumption were found between children with parents with either a high (defined as 

university college/university) or a low (defined as upper secondary school or less) educational level, 

hence this was not taken into account in further analyses.  
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Results 

Background characteristics of the participants 

An almost equal number of boys and girls participated in the study (Table 1). There was an almost 

equal divide between the age groups of the children. The majority lived in Vestfold County. The 

frequency of vegetable consumption varied between 0 and 9.9 times per day with a mean of 3.1 times 

per day. The variation of vegetables per month varied from 0 to 18 with a mean value of 10.5 types 

used per month. The amount of vegetables consumed during the observation varied between zero to 

179 grams with a mean of 43 grams. Most of the participating staff members were female. The vast 

majority had the Norwegian nationality. The total years of experience in kindergartens among 

pedagogical leaders varied from 0 to 30 years, with an average of 10 years of experience. Most 

kindergartens had 10 to 20 children in each department.   

Factor analysis 

The data were considered suitable for factor analysis, since the Kaiser-Meyer-Olkin measure of 

sampling adequacy was .77 for the availability items and .80 for the items related to feeding practices. 

Bartlett’s test of sphericity was significant for the availability items and items related to feeding 

practices, both at a level of <.001.  

  To explore factors related to feeding practices 25 items were entered into the factor analysis. 

A clear factor structure was present, without items that did not load on any factor or loaded high on 

more than one factor. Six factors were extracted that together explained 55.3% of the total variance. 

These factors were labelled “modelling”, “initial encouragement”, “reactive encouragement”, 

“preparation involvement”, “strictness”, and “rewarding”. Initial analysis of the 13 availability items 

resulted in the extraction of four factors explaining 61.07% of the total variance. After forcing the 

extraction of fewer factors and exclusion of items that did not load on any factor, two factors were 

derived. These factors were labelled “accessibility at kindergarten” and “availability at kindergarten” 

and together explained 64.7% of the total variance. Table 2 shows the final factor structure including 

factor loadings, reliability measures, means and standard deviations of the scales. CITC was 

considered adequate, ranging from 0.42 to 0.64 for the scales. Cronbach’s α coefficients were 

acceptable for most scales. However, the coefficients for preparation involvement (α=0.69), reactive 

encouragement (α=0.65) and rewarding (α=0.63) were lower than 0.70.  

  The mean scores for the factors accessibility and availability at kindergarten were 4.21 and 

4.23 respectively, suggesting that most staff members indicated a high availability and accessibility of 

vegetables in the kindergarten. Staff members indicated to make use of modelling (mean 4.25) and 

reactive encouragement (mean 4.41) relatively often. The mean scores of 3.39 for the factor initial 

encouragement, and 3.24 for preparation involvement were slightly above the neutral midpoint of 3. 

The mean scores of strictness and rewarding were 1.89 and 1.87 respectively.  
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Table 1 Characteristics of 3-5 year old children (N=439), pedagogical leaders (N=116) and assistants 

(N=283) in the BRA-study  

 

*N=285, observational data  

 

  

 
Children 

 
 

% or mean  SD [range] 

Gender 
 
 
Year of birth 
 
 
County of residence 
 
 
Vegetable consumption 

 
Boy 
Girl 
 
2010 
2011 
 
Buskerud 
Vestfold 
 
Frequency (times/day) 
Variation 
(types/month) 
Amount (gr)* 

 
49.2% 
50.8% 
 
52.2% 
47.8% 
 
36.7% 
63.3% 
 
3.1 
10.5 
42.99 

 
 
 
 
 
 
 
 
 
 
1.7 [0-9.9] 
4.3[0-18] 
41.74 [0-179] 

Pedagogical leaders    

Gender 
 
 
Age 
Nationality 
 
 
Experience in current kindergarten 
(years) 
Total experience in kindergarten (years) 
Number of children in department  
 
 
 

 
Male 
Female 
 
 
Norwegian 
Other  
 
 
 
<10 children 
10-20 children 
>20 children 

 
6.9% 
93.1% 
37.6 
 
92.2% 
7.8% 
5.7 
10 
 
1.7% 
59.5% 
38.8% 

 
 
 
9.0 [23-62] 
 
 
 
5.3 [0-26] 
7.3 [0-30] 

Assistants    

Gender 
 
 
Age 
Nationality 

 
Male 
Female 
 
 
Norwegian 
Other 

 
13.1% 
86.9% 
41 
 
89% 
10.6% 

 
 
 
12.5 [18-77] 
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Table 2 Final factor structure and psychometric properties reported by kindergarten staff in the BRA-study (N=398)  

 F1 F2 F3 F4 F5 F6 F7 F8 

Factor "Modelling” 
I show the children how much I enjoy eating vegetables 
I try to show enthusiasm about eating vegetables 
I model eating vegetables for the children by eating vegetables myself 
I try to eat vegetables in front of the children, even if they are not my 
favorite  
I show the children how to eat vegetables (mix with other foods, use as 
garnish etc.) 

 
0.86 
0.84 
0.62 
0.47 
 
0.40 

       

Factor “Initial encouragement” 
I describe the consistency and/or taste of new vegetables for the 
children 
I show the children how they can explore vegetables with their senses 
I tell the children what kind of vegetables we are to eat 
I allow the children to play with the vegetables (make figures, use as 
tusk etc.) 
I refer to characters the children are familiar with from TV/books/plays 
that eat vegetables 

  
0.79 
0.78 
0.49 
0.40 
 
0.37 

      

Factor “Preparation involvement” 
I ask the children to choose vegetables for meals 
I ask the children to help select vegetables at the grocery store  
I let the children assist in preparing vegetables (peeling, cutting, put on 
plates etc.) 
I add something to make vegetables taste better 

   
0.86 
0.84 
0.34 
 
0.33 

     

Factor “Reactive encouragement” 
I tell the children that vegetables taste good 
I tell the children eating vegetables will make them strong and healthy 
I encourage the children to try a couple of bites of a vegetable 
I praise the children when I see they eat vegetables 
I offer the children vegetables they like 

    
0.65 
0.60 
0.59 
0.50 
0.31 
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Factor “Strictness” 
The children should always eat all vegetables on their plates 
I insist that the children should sit at the table until all vegetables on 
their plates are eaten  
I am strict with the children concerning eating of vegetables 

 
 
0.81 
0.70 
 
0.49 

Factor “Rewarding” 
I offer my child his/her favorite foods in exchange for vegetable 
consumption 
I reward the children with something they like (not food) if they finish 
their plates with vegetables 
I tell the children to be as good as other children to eat vegetables 

      
0.87 
 
0.55 
 
0.42 

  

Factor “Accessibility at kindergarten” 
I send the plate/bowl of vegetables around the table 
I place the plate/bowl of vegetables within the reach of the children  
We usually have more than one kind of vegetables at the table so the 
children can choose 
We usually serve vegetables separately so the children can choose 
which one they want  

       
0.84 
0.75 
0.57 
 
0.47 

 

Factor “Availability at kindergarten” 
In our unit we usually vary the kinds of vegetables served for hot lunch  
In our unit we usually vary the preparation method (raw, boiled etc.) 
according to the types of vegetables served for hot lunch 
In our unit we usually have vegetables at hot lunch every day 

        
0.84 
0.83 
 
0.59 

N 
Eigenvalue  
Proportion of variance explained 
Cronbach’s α coefficient 
Average corrected item-total correlation (for each scale) 
Range corrected item-total correlation (for the items of each scale) 
 
Mean 
SD 

391 
5.20 
20.78 
0.74 
0.54 
0.41-
0.69 
4.25 
0.72 

384 
2.61 
10.42 
0.72 
0.49 
0.33-
0.62 
3.39 
0.85 

382 
1.95 
7.78 
0.69 
0.48 
0.30-
0.64 
3.24 
0.90 

387 
1.47 
5.87 
0.65 
0.42 
0.27-
0.49 
4.41 
0.54 

392 
1.34 
5.36 
0.70 
0.52 
0.45-
0.56 
1.89 
0.89 

392 
1.28 
5.11 
0.63 
0.46 
0.41-
0.50 
1.87 
0.83 

387 
3.03 
43.32 
0.76 
0.57 
0.46-
0.62 
4.21 
0.79 

392 
1.49 
21.26 
0.79 
0.64 
0.54-
0.70 
4.23 
0.89 
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Regression analyses 

An analysis of standard residuals was conducted to spot any outliers, resulting in the replacement of 

the total observed amount of vegetables consumed at kindergarten by a score of two standard 

deviations above the mean for three participants [43]. The VIF of all factors in the kindergarten was 

below 10, indicating no multicollinearity [43]. The Durbin-Watson values were between one and four, 

meaning the data met the assumption of independent errors [43]. 

  Several significant associations were found between factors in the kindergarten and children’s 

vegetable consumption (Table 3). Every unit increase in the factor modelling was associated with an 

increase in the variation of vegetable consumption of 2.46 types per month (p=0.01). The factor initial 

encouragement was significantly associated with the daily frequency of vegetable consumption. Every 

unit increase in this factor was associated with an increase in the frequency of vegetable consumption 

with 0.61 times per day (p=0.03). Significant associations were also found for the factor reactive 

encouragement. Every unit increase in reactive encouragement was associated with a decrease in the 

daily frequency of vegetable consumption with 1.26 times per day, and a decrease in the monthly 

variation of vegetable consumption of 3.05 types (p=0.01 for both factors). Every unit increase in 

strictness was found to be associated with an increase in the variation of vegetable consumption of 

1.61 types per month (p=0.004). One significant association was found with the observed amount of 

vegetables consumed at kindergarten. Every unit increase in the accessibility of vegetables at 

kindergarten was significantly associated with an increase of 17.22 grams in the amount of vegetables 

consumed (p=0.004). No significant direct associations were found between children’s vegetable 

consumption and preparation involvement, rewarding or availability at kindergarten.      

Mediation analyses  

Results of the mediation analysis are presented in Table 4a for the frequency of vegetable 

consumption and in Table 4b for the variation of vegetable consumption. A significant indirect effect 

was found of accessibility of vegetables at kindergarten on the frequency of vegetable consumption, 

mediated through initial encouragement, a x b=0.17, CI [0.03, 0.32]. The mediator initial 

encouragement could account for 83% of the total effect. The positive relationship between availability 

at kindergarten and the frequency of vegetable consumption was significantly mediated by initial 

encouragement, a x b=0.10, CI [0.03, 0.22]. The mediator could explain 65% of the total effect in the 

mediation analysis. No significant mediation effects were found for the feeding practice reactive 

encouragement. One mediating effect was found for the outcome variation of vegetable consumption. 

There was a significant indirect effect of accessibility of vegetables at kindergarten on variation of 

vegetable consumption through modelling, a x b=0.36, CI [0.08, 0.69]. The mediator could account for 

three quarter of the total effect, PM=75%.   
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Table 3 Adjusted bivariate associations* between factors in the kindergarten and vegetable consumption among 3-5 year old children in the BRA-study 

(N=426) 

 Frequency of vegetable 
consumption (times per day) 

Variation of vegetable 
consumption (types per month) 

Observed amount of vegetables 
consumed (grams)† 

Factor b (95% CI) B p b (95% CI) B p b (95% CI) B p 

Modelling 0.58 (-0.20, 1.36) 
 

0.14 0.15 2.46 (0.55, 4.37) 
 

0.24 0.01 1.84 (-21.39, 25.07) 
 

0.02 0.88 

Initial encouragement 0.61 (0.07, 1.15) 
 

0.16 0.03 -0.46 (-1.78, 0.87) 
 

-0.05 0.50 -6.12 (-21.98, 9.73) 
 

-0.07 0.45 

Preparation involvement 0.09 (-0.31, 0.48) 
 

0.02 0.68 0.39 (-0.58, 1.36) 0.05 0.43 2.03 (-9.67, 13.72) 0.03 0.73 

Reactive encouragement  -1.26 (-2.16, -0.35) -0.25 0.01 -3.05 (-5.26, -0.84) -0.24 0.01 -0.42 (-28.01, 27.17) -0.004 0.98 

Strictness 0.23 (-0.22, 0.68) 
 

0.06 0.31 1.61 (0.52, 2.70) 
 

0.18 0.00
4 

11.17 (-1.46, 23.80) 
 

0.14 0.08 

Rewarding -0.24 (-0.76, 0.28) 
 

-0.06 0.37 -0.49 (-1.76, 0.79) 
 

-0.05 0.45 -1.41 (-15.43, 12.62) -0.02 0.84 

Accessibility at kindergarten 0.08 (-0.33, 0.49) 
 

0.02 0.70 0.30 (-0.70, 1.29) 0.03 0.56 17.22 (5.50, 28.94) 0.20 0.004 

Availability at kindergarten 0.07 (-0.28, 0.42) 
 

0.03 0.68 0.33 (-0.53, 1.19) 0.05 0.45 -2.04 (-12.27, 8.19) -0.03 0.70 

*Adjusted for children’s year of birth and gender 

† Total number of children N=278, observational data   

b regression coefficient  

B standardized regression coefficient  

CI=Confidence Interval 

Bold values represent significant associations  
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Table 4a Adjusted coefficients of the mediating effects† of feeding practices on the relationship between availability/accessibility of vegetables at 

kindergarten and the frequency of vegetable consumption among 3-5 year old children in the BRA-study (N=426) 

†Adjusted for children’s year of birth and gender 

‡ Mediation effect 

*p<0.05 

** p=<0.01 

CI=Confidence Interval  

PM=Percentage mediation effect 

 

 

 

 

 

 

Predictor variables Potential mediating  
feeding practices 

Outcome variable:  
Frequency of vegetable consumption (times per day) 

  a-path SE b-path SE c-path SE c’-
path 

SE a x b‡ 95% CI PM 

Accessibility at kindergarten Initial encouragement 
 

0.34** 0.04 0.49* 0.20 0.20 0.16 0.03 0.18 0.17 0.03, 0.32 83% 

Reactive encouragement 
 

0.28** 0.03 -0.18 0.24 0.20 0.16 0.25 0.18 -0.05 -0.18, 0.09  

Availability at kindergarten  Initial encouragement 
 

0.22** 0.05 0.48* 0.19 0.16 0.13 0.06 0.14 0.10 0.03, 0.22 65% 

Reactive encouragement 
 

0.26** 0.06 -0.21 0.24 0.16 0.13 0.21 0.15 -0.05 -0.19, 0.06  
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Table 4b Adjusted coefficients of the mediating effects† of feeding practices on the relationship between availability/accessibility of vegetables at 

kindergarten and the variation of vegetable consumption among 3-5 year old children in the BRA-study (N=426) 

†Adjusted for children’s year of birth and gender 

‡ Mediation effect 

*p<0.05 

** p=<0.01 

CI=Confidence Interval  

PM=Percentage mediation effect 

  

Predictor variables Potential mediating  
feeding practices 

Outcome variable:  
Variation of vegetable consumption (types per month) 

  a-path SE b-path SE c-path SE c’-
path 

SE a x b‡ 95% CI PM 

Accessibility at kindergarten Modelling 
 

0.33** 0.04 1.10* 0.54 0.48 0.41 0.12 0.45 0.36 0.08, 0.69 75% 

Reactive encouragement 
 

0.28** 0.03 -0.01 0.67 0.48 0.41 0.49 0.45 -0.004 -0.30, 0.32  

Strictness 
 

0.09 0.05 1.07* 0.43 0.48 0.41 0.39 0.40 0.09 -0.003, 0.25  

Availability at kindergarten  Modelling 
 

0.37** 0.03 0.90 0.59 0.66 0.31 0.33 0.42 0.33 -0.06, 0.78  

Reactive encouragement 
 

0.26** 0.03 -0.32 0.68 0.66 0.31 0.74 0.39 -0.08 -0.43, 0.22  

Strictness 
 

0.07 0.04 1.05* 0.43 0.66 0.31 0.59 0.32 0.07 -0.02, 0.21  
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Moderation analyses  

Several significant interaction effects were found (Table 5). For the frequency of vegetable 

consumption, a significant interaction effect was found between the availability of vegetables and 

strictness, b=0.51, t(421)=2.18, p=0.03. Simple slopes showed no significant relationship between 

strictness and the frequency of vegetable consumption for low (b=-0.10, p=0.62) and average (b=0.20, 

p=0.23) availability of vegetables. For high availability of vegetables every unit increase in strictness 

was associated with an increase of vegetable consumption of 0.51 times per day (p=0.03). For the 

amount of vegetable consumption, a significant interaction effect was found between the accessibility 

of vegetables and preparation involvement, b=22.92, t(273)=2.43, p=0.02. Simple slopes showed no 

significant relationship between preparation involvement and the amount of vegetable consumption for 

the different subgroups. The Johnson-Neyman technique showed significance regions when 

accessibility reached the values of -0.63 and 0.53. A line graph showed an upward trend for the 

amount of vegetable consumption in relation to preparation involvement when accessibility was high, 

and a downward trend when accessibility was low (Figure 2a). Another significant interaction effect 

was found for the amount of vegetable consumption between the availability of vegetables and 

strictness, b=15.62, t(273)=2.31, p=0.02. Simple slopes only showed a significant positive relationship 

between strictness and the amount of vegetable consumption for average (b=11.59, p=0.03) and high 

(b=20.91, p=0.01) availability of vegetables. A third interaction effect for the amount of vegetable 

consumption was found between availability and rewarding, b=16.25, t(273)=2.06, p=0.04. Simple 

slopes showed no significant relationship between rewarding and the amount of vegetable 

consumption for the different subgroups. A line graph showed an upward trend in the amount of 

vegetable consumption in relation to rewarding when availability was high, a downward trend when 

availability was low (Figure 2b).  
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Table 5 Unstandardized coefficients of the interaction effects* of factors in the physical and social environment on the vegetable consumption among 3-5 

year old children in the BRA-study 

*Adjusted for children’s year of birth and gender 

†N=426  

‡N=279, observational data  

CI=Confidence Interval  

Only significant interaction effects are presented  

 

Interactions  Frequency of vegetable consumption (times per day)† 

b SE t p 95% CI 

Availability x strictness 0.51 0.23 2.18 0.03 0.05, 0.97 

 Observed amount of vegetables consumed (grams)‡ 

b SE t p 95% CI 

Accessibility x preparation involvement 22.92 9.43 2.43 0.02 4.35, 41.49 

Availability x strictness 15.62 6.76 2.31 0.02 2.31, 28.93 

Availability x rewarding 16.25 7.89 2.06 0.04 0.72, 31.78 
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Figure 2a Modeled amount of vegetable consumption as a function of preparation involvement and 

the accessibility of vegetables (N=279)  
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Figure 2b Modeled amount of vegetable consumption as a function of rewarding and the availability 

of vegetables (N=279)  
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Discussion 

This study examined associations between several factors in the physical and social environment in 

Norwegian kindergartens with preschool children’s vegetable consumption. Two factors related to the 

physical environment were presented in this paper: availability and accessibility of vegetables in 

kindergarten. Six factors in the social environment related to kindergarten staff’s feeding practices 

were assessed: modelling, initial encouragement, reactive encouragement, preparation involvement, 

strictness, and rewarding. Associations between these factors and preschool children’s vegetable 

consumption showed that there were several factors in the physical and social environment in 

kindergartens that were related to children’s vegetable consumption.  

Factors associated with vegetable consumption  

In the current study, the factor modelling was significantly associated with the variation of vegetable 

consumption. This finding is in line with other cross-sectional research that also found that childcare 

staff modelling was associated with an increase in vegetable consumption [31, 48]. However, previous 

findings with regard to the relationship between dietary intake and food modelling by kindergarten staff 

are contradictory. A quasi-experimental study showed that teacher modelling had no effect on 

preschool children’s acceptance of new fruits and vegetables [49]. Another study found no association 

between staff food modelling and vegetable consumption, and even showed that children ate more 

sweet snacks if staff ate together with them [38]. An intervention study showed that parental food 

modelling influenced preschool children’s dietary intake, but no effect of childcare staff modelling on 

vegetable consumption was found [50]. These differences in findings are possibly due to the 

circumstances in which modelling takes place. Hendy and Raudenbush [37] for instance showed that 

as opposed to silent teacher modelling, enthusiastic teacher modelling was effective to encourage 

food acceptance in preschool children. Contradictory results might also be explained by differences in 

operationalization and measurement of food modelling and dietary intake. In the present study, 

modelling was significantly associated with the variation of vegetable consumption, but not with the 

frequency and amount of vegetable consumption. This finding supports the idea that variation, 

frequency and amount are different components of vegetable consumption that may be associated 

with different factors.  

  Initial encouragement of staff was found to be related to the frequency of vegetable 

consumption. No other studies were found that assess initial encouragement in a similar way as this 

study. However, experimental research in nursery schools did show that sensory activities such as 

feeling and smelling increase the willingness to try fruit and vegetables [51]. These sensory activities 

are somewhat similar to the questions asked about in the factor initial encouragement, for instance 

describing the consistency and taste of vegetables, showing children how to explore vegetables with 

your senses, and allowing children to play with vegetables. This could be an explanation for the 

upward trend in frequency of vegetable consumption related to initial encouragement found in this 

study.      

  Reactive encouragement was associated with a decrease in frequency and variation of 

vegetable consumption in this study. In a previous study on the associations between childcare staff 

feeding practices and dietary intake, encouragement led to an upward but non-significant trend in 



23 
 

vegetable consumption [48]. Another study showed no association between staff’s encouragement to 

try new foods and dietary intake [31]. In contrast, Gubbels and colleagues [38] found that when staff 

encouraged children to continue eating, they ate more vegetables. One explanation for the decrease 

in vegetable consumption found in this study could be a counterproductive effect when children are 

excessively encouraged. Experimental research showed that preschool children eat less foods when 

they receive excessive cues from caretakers [52]. The findings may also be a result of reverse 

causation; the picky eaters that consume less vegetables are more encouraged to try vegetables by 

the kindergarten staff. Similar relations between children’s pickiness and encouragement or pressure 

to eat were also seen in studies among parents [53, 54].  

  The present study showed no direct relation between vegetable consumption and involvement 

in the preparation of foods. This finding is in line with other research on staff practices and vegetable 

consumption in childcare [38]. However, it has been shown that involvement in food preparation is 

associated with other healthy eating behaviours, such as the consumption of fruit and the avoidance of 

sweet snacks [38]. Moderation analysis showed a significant interaction between the accessibility of 

vegetables and preparation involvement in relation to the amount of vegetable consumption. When 

accessibility was high, an upward trend was seen for the amount of vegetable consumption in relation 

to preparation involvement. This means preparation involvement only appears to positively impact the 

amount of vegetables consumed in case of high accessibility. 

  The factor strictness was associated with an increase in the variation of vegetable 

consumption. As far as we know, no other studies investigated the relationship between vegetable 

consumption and strictness in the kindergarten setting. However, one study showed that indulgent 

childcare provider’s feeding behaviours were associated with a higher vegetable consumption [21]. 

This is somewhat contradictory to the current findings, since indulgent feeding styles generally involve 

little strictness [55]. Experimental research showed that pressure to let children finish their plates 

generally leads to a lower intake of foods [52]. Potentially, contextual moderating factors could play a 

role. A higher-order moderation approach has previously been proposed to understand the complex 

interactions between children and their parents in energy-balance related behaviours [56]. For 

instance, Sleddens and colleagues [57] found that general parenting styles moderate the impact of 

controlling feeding practices on children’s dietary behaviour; a positive parenting context strengthened 

the association with the child’s diet. Similar to parent-child interactions it is likely that interactions 

between children and childcare providers take place at different levels. This could mean that strictness 

only leads to a higher vegetable consumption in positive contexts. The moderation analyses in this 

study support this idea; strictness was significantly associated with the frequency of vegetable 

consumption when availability of vegetables was high, and significantly associated with the amount of 

vegetable consumption when availability was average or high. More (longitudinal) research is needed 

to further investigate higher-order moderating factors in the kindergarten setting.   

  No significant direct relation was found between vegetable consumption and rewarding. 

Similarly, another study on associations between childcare staff feeding practices and dietary intake 

showed no relation between vegetable consumption and instrumental feeding practices, such as 

giving rewards for good behaviour [38]. However, a significant interaction effect on the amount of 



24 
 

vegetable consumption was found between rewarding and the availability of vegetables. An upward 

trend in the amount of vegetable consumption was found when availability of vegetables was high. 

Rewarding thus only seems to positively affect the amount of vegetables consumed in case of high 

availability. Similar results have been found in the parenting literature; rewarding as a parental feeding 

practice has been shown to influence vegetable consumption directly in some studies, but it is more 

likely that feeding practices are closely related to other key determinants of vegetable consumption 

and are moderated by other factors in the feeding climate such as general parenting style [57, 58].  

  With regard to factors in the physical environment, accessibility of vegetables was significantly 

associated with the amount of vegetables consumed in the kindergarten. Both accessibility and 

availability had an indirect effect on the frequency of vegetables consumption, mediated through initial 

encouragement. The variation of vegetable consumption was significantly related to the accessibility at 

kindergarten, mediated through the feeding practice of modelling. The differences in associations 

between vegetable consumption and respectively availability or accessibility stress the importance of 

treating the two factors separately. Little is known about the influence of the physical environment on 

vegetable consumption of preschool children, since many studies focus on school-aged children. 

Studies that are conducted among preschool children mainly focus on physical factors in the home 

environment. In a qualitative study towards kindergarten staff’s perceptions of influencing factors on 

dietary intake, the availability and accessibility of foods were pointed out as important factors 

influencing children’s fruit and vegetable consumption [59]. The results of the present study can be 

further discussed in the context of findings of the influences of the physical environment on vegetable 

consumption in the home and the school setting. Systematic reviews on determinants of vegetable 

consumption among children show the influence of home availability/accessibility of vegetables on 

vegetable consumption. However, the evidence of the influence of availability/accessibility on 

vegetable consumption in the school setting remains inconclusive [34, 60]. Jago and colleagues [61] 

suggest that a reason for these contradictory results might be the lack of knowledge about causal 

mechanisms related to availability and vegetable consumption and potential mediating pathways in 

different settings. Within the childcare setting interaction effects between environmental types such as 

the physical and social environment have hardly been examined with regard to nutrition [62]. The 

present study indicates that the mechanisms of how availability and accessibility influence preschool 

children’s vegetable consumption can differ per setting. In the home setting, there might be a strong 

direct effect of availability on vegetable consumption, but the present study found that the relationship 

between availability and vegetable consumption in the kindergarten setting was mediated through 

several of staff’s feeding practices. Besides, several feeding practices only seemed to be related or 

were stronger related to vegetable consumption when the availability or accessibility was high, i.e. if 

the physical environment was optimal. However, more longitudinal research is needed to investigate 

this hypothesis and to compare causal mechanisms in the home, school and kindergarten setting.  

Strengths and limitations  

When interpreting the results of this study, several strengths and limitations have to be taken into 

account. Strengths of the present study are the relatively large sample size, the age group and setting, 

which still are rather unexplored. Another strength is the measurement of vegetable consumption in 
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three ways (frequency, variation and amount), including direct observation, and the distinction 

between the availability and accessibility of vegetables in kindergarten. However, some remarks can 

be made on the way these factors were measured. First of all, one limitation is that the data are cross-

sectional, meaning that no conclusions about causal inferences can be made. Secondly, observation 

was limited to one day, which may have led to an unrepresentative image of the amount of vegetables 

consumed. Thirdly, frequency and variation of vegetable consumption were assessed by a parental 

questionnaire. While the parents reported about their children’s general food intake, the observations 

assessed the actual food intake during kindergarten hours. Dietary assessment by parental recall 

questionnaires often leads to misreporting of children’s food intake [63, 64]. The mean vegetable 

consumption in this sample is higher than the mean vegetable consumption among Norwegian 

children in national dietary surveys [10, 12, 13]. Asking about 18 different types of vegetables in the 

parental questionnaire may have led to overestimation. The high mean of vegetable consumption 

might also be an indication of a biased sample of those (parents and/or children) most interested in 

vegetable consumption and healthy eating.  

  At the time data for this study were collected, no validated questionnaire was available to 

assess feeding practices of childcare staff in specific. Although the items were retrieved from parental 

questionnaires, recent research on the development of a questionnaire for childcare staff practices 

showed that it can be valid to translate parenting practices to child-care staff practices [35]. In that 

child-care food practices questionnaire, most of the items are similar to the items used in the BRA-

study. Factor analysis showed adequate psychometric properties for the different factors that were 

used in further analyses in this study. However, although the factor analysis resulted in a statistically 

clear factor structure, some ambiguities were seen in the content of the items in the factors. For 

instance, based on the content it was expected that the items ‘I tell the children that vegetables taste 

good’, ‘I tell the children to be as good as other children to eat vegetables’, and ‘I offer the children 

vegetable they like’ would load on several factors, but statistically these items only loaded higher than 

the cut-off point of 0.30 on one of the factors. Furthermore, the responses of the kindergarten staff can 

be biased. The high means for practices as modelling, and low mean for strictness can be an 

indication of a certain degree of social desirability. Finally, the staff data were aggregated to create a 

mean of the physical and social environment in the whole kindergarten, not taking into account 

potential differences between departments within each kindergarten.  
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Conclusion 

Because vegetable intake can contribute to better health and prevention of diseases, it is important to 

understand how food choices develop. Research shows the importance of creating healthy eating 

habits in early life stages, making preschool children a relevant target group to promote vegetable 

consumption. Several factors in the physical and social environment in kindergartens were found to be 

related to children’s vegetable consumption. This underlines the importance of the potential influence 

of the kindergarten setting on dietary intake among preschool children. The results show that several 

feeding practices of kindergarten staff, such as modelling, encouragement and strictness, may be 

important factors in determining children’s vegetable consumption. However, different feeding 

practices were related to different components of vegetable consumption, i.e. frequency, variation or 

amount. As for the physical environment, accessibility was directly associated with the amount of 

vegetables consumed, while availability and accessibility were related to the frequency and variation 

of vegetable consumption through their influence on specific feeding practices. The results emphasize 

the importance of looking at different components of vegetable consumption, since different 

components may be influenced by different determinants or via different pathways. The present study 

also showed the importance of looking at interactions between different types of factors in the 

kindergarten environment. It was found that the relation between the availability and accessibility of 

vegetables and vegetable consumption was stronger when positive feeding practices were used. 

However, more (longitudinal) research is needed to assess the influence of environmental factors in 

the kindergarten on the development of children’s food preferences on the long term. Future research 

should investigate under which specific circumstances childcare staff feeding practices work most 

effectively.  
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