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Abstract 
Introduction: There is limited European literature on nursing and sustainability; nursing students are 
poorly prepared on the connections between resources, climate change, sustainability, and health, so 
they must acquire knowledge and develop skills and competences in this field. The use of digital 
technologies and teaching via E-learning has grown, and has been widely adopted as a learning 
method for nursing. 

Objectives: The aim of the current study was to test and evaluate digital educational materials on 
environmental sustainability and health, in the context of university nursing education in different 
European countries. 

Design: An observational cross-sectional design.  

Participants: 299 Nursing Degree students: 161 students from University of Jaen, 106 from University 
of Plymouth and 32 from University of Esslingen.  

Methodology: It was conducted a piloting and validation process. The materials were designed and 
adapted to the NurSusTOOLKIT Sustainability Literacy and Competency framework. Evaluation was 
developed by students using the Spanish Standard for the assessment of Digital Educational Material 
Quality at University level questionnaire modified. All students provided informed consent prior to 
taking part in the learning and evaluation. 

Results: The overall score about the quality of materials given by the students were 7.98 ± 1.28. The 
Ability to generate learning was scored higher among students (mean difference: 0.84; 0.22-1.47; p = 
0.008). In the overall assessment by students, statistically significant differences were found between 
the three universities (Welch: 11.69, p <0.001). 

Conclusions: Students considered the materials to be very good quality, especially regarding the 
quality of contents, format, and design. It is necessary to continue this approach to evaluate the 
effectiveness of the digital educational materials in promoting knowledge of sustainability in the 
nursing learning process. 

Keywords: nursing education; nursing students; teaching materials; e-learning; web-based learning; 
environmental health; environmental sustainability; climate change. 

1 INTRODUCTION  
Education in sustainable development (ESD) has long been recognised by many initiatives under the 
U.N. Decade of Education for Sustainable Development (2005-2014). The Global Action Programme 
on ESD was discussed at UNESCO’s 37th session of the General Conference [1]. Addressing climate 
change requires specific training and action for mitigation and adaptation directed to technical and 
productive key sectors [2]. 

Despite the widely acknowledged importance of both ESD and a more sustainable healthcare sector, 
there is limited European literature on nursing and climate change or sustainability; nursing students 
are poorly prepared to understand the connections between resources, climate change, sustainability, 
and health [3], [4].  Sustainability can be embedded in the healthcare curriculum through a range of 
learning opportunities; for example, in the context of public health and health inequalities, poverty, 
food security, infectious diseases, and skills development [5], [2].  
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The use of digital technologies and resources has grown rapidly in recent decades, and teaching via 
E-learning has been widely adopted as a continuous learning method for nursing staff. Among the 
advantages of teaching via E-learning are flexibility, selfregulation, and time savings [6], [7]. 
Furthermore, E-learning has been promoted for its ability to engage learners and customise the 
learning process, and evidence supports its use for clinical skill acquisition [8], [6].  

However, this type of teaching process requires that the teacher is aware of factors that influence the 
success of digital technology in the learning process, in order to incorporate minimum quality 
requirements. Selection of digital materials can often be made on the basis of ease of access, rather 
than the ability of the materials to meet appropriate educational aims, thus, compromising quality and 
jeopardising success of learning [9]. In this sense, the analysis of certain dimensions of the digital 
resources, by means of credibility indicators that allow evaluation of their quality and educational 
utility, is recommended [10], [11]. Many authors highlight the need to generate an instrument with 
unified criteria to facilitate the analysis of digital teaching materials [12]. 

Based on this approach, a team from the universities of: Jaen (Spain), Plymouth (UK), Esslingen 
(Germany) and Maastricht (the Netherlands), is developing the NurSus TOOLKIT project 
(http://nursus.eu/). The objective of this project is to improve the level of knowledge, skills, and abilities 
regarding sustainability and the effects of climate change on the nursing profession, by developing 
new teaching and learning resources and disseminating and promoting good practices, with the help 
of information technologies. Within the framework of the NurSus project, a range of Digital Education 
Materials on environmental sustainability in Nursing have been designed and tested. 

The aim of the current study was to test and evaluate digital educational materials on environmental 
sustainability and health, in the context of university nursing education in different European countries. 

2 METHODOLOGY 
Design: An observational cross-sectional design was made.   

Sample: The sampling was purposive, designed to gain feedback from Nursing Degree students from 
the Universities of Plymouth, Jaen and Esslingen. They were selected by each institution according to 
appropriate opportunities within the curriculum and depending on the materials tested. 

Evaluation questionnaire: A modified and authorised questionnaire from the Spanish Standard for the 
assessment of Digital Educational Material Quality (COdA) was used (Fernández- Pampillón et al., 
2012). The COdA tool enables the evaluation of the quality of Digital Educational Material (DEM) at 
University level with three dimensions: Didactical, Technological, and Accessibility. It is a validated 
tool to assess and guide the creation of educational and technologically effective digital teaching 
material; the COdA tool has been evaluated for usability and reliability [13]. 

The original COdA questionnaire consists of eleven criteria: coherence/understandability, content 
quality, ability to generate learning, adaptability, interactivity, motivation, format and design, 
reusability, portability, interface accessibility, and content accessibility. Each criterion is broken down 
into sub-criteria, which are scored from 0 (when the sub-criterion was not reached), to 10 (if it was fully 
reached). The Ratio per criterion and the Global ratio were calculated using the scores from the COdA 
questionnaire. Based on the Global ratio, a quality categorisation of the materials is defined, including 
ratings of excellent (ratio ≥ 9), very good (9 > ratio ≥ 8), good (8 > ratio ≥ 6), not good enough (6 > 
ratio ≥ 4), and poor (4 > ratio ≥ 0). The minimum quality for a DEM is set to a value higher or equal to 
6. In order to carry out a pre-use evaluation of the DEM, the COdA tool have been modified and 
adapted, targeting students. The author of the original COdA tool has validated the modified version of 
the COdA tool. Also, sociodemographic data were collected from the participants. 

Process: Previously to the data collection was conducted a piloting and validation process. Data 
collection took place between February and May 2016 at the Universities of Plymouth, Jaen and 
Esslingen. The digital educational materials were designed and made according to the 
NurSusTOOLKIT Sustainability Literacy and Competency framework. In order to evaluate the quality 
of DEM, after signing the informed consent document, the students worked with the materials during a 
scheduled learning session. The students filled in the COdA questionnaire online (in Jaen) or received 
the questionnaire in paper form (in Plymouth and Esslingen Universities). 
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Ethical approval for the study was granted by all Universities (Plymouth, Jaen and Esslingen) from 
their respective Ethic Commettees, before the evaluation process. The confidentiality of personal data 
was maintained. Guidelines for computer-assisted data processing were followed.  

Statistical analyses: Cronbach's alpha coefficient was applied to obtain the reliability index of the 
questionnaires. A descriptive analysis was made by calculating the means and standard deviations, or 
median and interquartile ranges for ordinal and quantitative variables, and the frequencies and 
percentages for categorical variables. 

The assumption of a normal distribution was evaluated using the Kolmogorov-Smirnov test. The 
variables “Global ratio” and “Ratios of each criterion” (Criterion ratio) per country adjusted to the 
standard distribution, except the criterion of portability, which had no normal distribution for students of 
the three universities. The assumptions of equality of means across groups were tested using 
Student's t-test for the association of the Global ratio with gender in students and for the association of 
the Global ratio and each of the criterion ratios with the university that evaluates. U of Mann-Whitney 
was used for the portability criterion (it had no normal distribution), while ANOVA was used for the 
association of Global ratio with the age range of the students and for the association of the Global 
ratio and each of the criterion ratio of students with the university, except for the Portability criterion, 
where the Kruskall-Wallis test was used. When the distributions did not meet the assumptions for 
calculating ANOVAs, the robust Welch test was used for post hoc tests. The standardisation effect 
size was measured by Hedges g and its 95% confidence interval (because the large differences 
between N groups). Two-tailed tests were used, considering a value of p <0.05 as statistically 
significant. Analyses were performed using IBM SPSS 21.0. 

3 RESULTS 
299 students participated in the assessment of the materials: 161 students from University of Jaen, 
106 from University of Plymouth and 32 from University of Esslingen. 81.5% of students are women, 
which corresponds to the high proportion of females undertaking the degree in Nursing. Students 
median age was 22 years (P25:20.0; P75:26.75), and they mainly (47.8%) belong to second year of 
the Degree in Nursing. 

In the reliability analysis of the COdA questionnaire used, it was obtained a Cronbach’s α of 0.97. 
Table 1 shows Mean score of the Global Ratio and the scores for each criterion that the students of 
the different universities awarded to the quality of the digital educational materials evaluated. 

In the overall assessment performed by the students, statistically significant differences were found 
between the three universities (Welch: 11.69, p <0.001). Specifically, the students' score at the 
University of Jaen was the highest, Global ratio of 8.29 ± 1.02 points (8.13-8.45), followed by that of 
Esslingen students, with 7.98 ± 0.69 (7.40-8.55), and those of Plymouth, with 7.30 ± 1.56 (6.93-7.67), 
although only the differences between Jaen and Plymouth were statistically significant (p <0.001). The 
standardised effect size (Hedges g) for Jaen-Plymouth was high; 0.81 (0.52 to 1.10) (Table 2). Jaen 
students gave a higher score than Esslingen and Plymouth students for all criteria except for the 
Portability criterion. It obtained significant differences in the following, Coherence/Understandability: 
Welch 26,56, p<0,001; Content quality: Welch 10,20, p<0,001; Ability to generate learning: Welch 
23,51, p<0,001; Adaptability: Welch 11,16, p<0,001; Interactivity: Welch 12,76, p<0,001; Motivation: 
Welch 3,63, p = 0,03, Format and design: Welch 8.70, p = 0.001; and Competences: Welch 20.23, 
p<0.001, whereas for the Portability criterion there were no obtained such differences (Kruskall-Wallis 
test, p = 0.81). Table2. 

Table 1.  Global ratio and per quality criteria of the students in the different universities 

Universities 

 
 

n 

Coherence/ 
Understandability 

Mean (CI 95%)       s.d. 

 
 

n 

Content quality 
Mean (CI95%)      s.d. 

 
 

n 

Ability learning 
Mean (CI 95%)           s.d. 

Esslingen 27 7,78 (7,41-8,15) 0,92 31 8,06 (7,41-8,59) 1,44 32 8,26 (7,98-8,53) 0,76 

Jaén 160 8,16 (7,96-8,36 1,29 161 8,44 (8,19-8,69) 1,60 160 8,75 (8,59-8,91) 1,00 

Plymouth 102 6,66 (6,31-7,01) 1,80 104 7,44 (7,08-7,80) 1,85 106 7,52 (7,19-7,85) 1,72 

TOTAL 289 7,60 (7,41-7,78) 1,62 296 8,05 (7.85-8,25) 1,74 298 8,26 (8,10-8,42) 1,40 
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Universities n 
Adaptability 

Mean (CI 95%)       s.d. 
n 

Interactivity 

Mean (CI 95%)      s.d. 
n 

Motivation 

Mean (CI 95%)          s.d. 

Esslingen 31 7,32 (6,85-7,79) 1,28 29 6,18 (5,41-6,96) 2,03 30 7,80 (7,34-8,26) 1,23 

Jaén 161 8,14 (7,91-8,37) 1,50 160 8,05 (7,81-8,30) 1,56 161 7,94 (7,69-8,19) 1,60 

Plymouth 106 7,22 (6,85-7,58) 2,00 103 7,48 (7,14-7,82) 1,73 104 7,35 (6,99-7,71) 1,85 

TOTAL 298 7,73 (7,53-7,92) 1,70 292 7,67 (7,46-7,87) 1,76 295 7,72 (7,52-7,91) 1,67 

Universities n 
Format and design 
Mean (CI 95%)       s.d. 

n 
Competences 
Mean (CI95%)      s.d. 

n 
GLOBAL RATIO 
Mean (CI 95%)          s.d. 

Esslingen 17 7,49 (6,85-8,14) 1,25 31 8,02 (7,51-8,52) 1,38 8 7,98 (7,40-8,55) 0,69 

Jaén 161 8,35 (8,15-8,56) 1,31 159 8,43 (8,27-8,59) 1,02 156 8,29 (8,13-8,45) 1,03 

Plymouth 98 7,66 (7,34-7,97) 1,60 103 7,19 (6,83-7,54) 1,81 70 7,30 (6,93-7,67) 1,56 

TOTAL 276 8,05 (7,88-8,22) 1,45 293 7,95 (7,78-8,12) 1,50 234 7,98 (7,82-8,15) 1,30 

CI95%: Confidence interval 95%; s.d.: Standard deviation. 

Table 2.  Scoring differences in Global Ratio and Criteria per Universities in Students 

University Contrasts Coherence/Uniderstandability Content quality Ability learning 

 Hedges g CI 95% Hedges g CI 95% Hedges g CI 95% 

Jaén 
     Esslingen 
     Plymouth 

 
0,30 
0,99 

 
-0,11 to 0,71 
0,73 to 1,25 

 
0,24 
0,58 

 
-0,15 to 0,62 
0,33 to 0,84 

 
0,51 
0,92 

 
0,12 to 0,89 
0,66 to 1,18 

Plymouth 
     Esslingen 

 
-0.67 

 
-1,10 to -0,24 

 
-0.35 

 
-0,75 to 0,05 

 
-0.47 

 
-0,87 to -0,07 

University Contrasts Adaptability Interactivity Motivation 

 Hedges g CI 95% Hedges g CI 95% Hedges g CI 95% 

Jaén 
     Esslingen 
     Plymouth 

 
0,56 
0,55 

 
0,17 to 0,94 
0,30 to 0,80 

 
1,14 
0,35 

 
0,72 to 1,55 
0,10 to 0,60 

 
0,09 
0,35 

 
-0,30 to 0,48 
0,10 to 0,60 

Plymouth 
     Esslingen 

 
-0.06 

 
-0,46 to 0,34 

 
0.72 

 
0,30 to 1,14 

 
-0.26 

 
-0,67 to 0,15 

University Contrasts Format and design Competences GLOBAL RATIO 

 Hedges g CI 95% Hedges g CI 95% Hedges g CI 95% 

Jaén 
     Esslingen 
     Plymouth 

 
0,66 
0,48 

 
0,15 to 1,16 
0,23 to 0,74 

 
0,38 
0,89 

 
-0,01 to 0,76 
0,63 to 1,15 

 
0,30 
0,81 

 
-0,41 to 1,02 
0,52 to 1,10 

Plymouth 
     Esslingen 

 
0,11 

 
-0,41 to 0,62 

 
-0,48 

 
-0,88 to -0,07 

 
-0,45 

 
-1,18 to 0,29 

ANOVA Test. CI 95%: Confidence Interval 95% 

4 CONCLUSIONS 
It is important to evaluate the quality of e-learning materials prior to wide use, to determine which 
criteria need improvement. The digital educative materials evaluated in this study obtained high 
scores, indicating very good quality. Issues related to e-learning experiences on sustainability, 
environmental and health in nursing students, have not previously been addressed. This study makes 
a significant contribution to the design and evaluation of educative materials on nursing and 
sustainability. Materials can be freely accessed on the NurSusTOOLKIT online platform 
(http://nursus.eu/). It is necessary to continue this approach to evaluate the effectiveness of the DEM 
in promoting knowledge and learning regarding environmental and health issues during nursing 
training. 
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