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ABSTRACT

Background: Both nationally and internationally concerns have been expressed over the adequacy of preparation of undergraduate nurses for the clinical skill of wound care. This project describes the educational evaluation of a series of Reusable Learning Objects (RLOs) as a blended learning approach to facilitate undergraduate nursing students learning of wound care for competence development. Constructivism Learning Theory and Cognitive Theory of Multimedia Learning informed the design of the RLOs, promoting active learner approaches. Clinically based case studies and visual data from two large university teaching hospitals provided the authentic learning materials required. Interactive exercises and formative feedback were incorporated into the educational resource.
Methods:
Evaluation of student perceived learning gains in terms of knowledge, ability and attitudes were measured using a quantitative pre and post-test Wound Care Competency Outcomes Questionnaire. The RLO CETL Questionnaire was used to identify perceived learning enablers. Statistical and deductive thematic analyses inform the findings.
Results: Students (n=192) reported that their ability to meet the competency outcomes for wound care had increased significantly after engaging with the RLOs. Students rated the RLOs highly across all categories of perceived usefulness, impact, access and integration. 
Conclusion: These findings provide evidence that the use of RLOs for both knowledge-based and performance-based learning is effective. RLOs when designed using clinically real case scenarios reflect the true complexities of wound care and offer innovative interventions in nursing curricula. 

INTRODUCTION

Wound management within clinical practice has undergone significant change in the past two decades. Increased acuity of care, changing demographics with an aging population and higher prevalence of chronic conditions means that expectations of the competence of nurse graduates in wound management continues to escalate. The global prevalence of people with chronic wounds is predicted to increase substantially in the future (Franks et al. 2016, Posnett et al. 2009). In addition, decision making around wound care is now integral to the  nurses’ scope of practice (Stephen-Haynes 2013). Both nationally and internationally, concerns have been expressed over the adequacy of preparation of undergraduate nurses for the clinical skill of wound care. 
Issues in nursing education such as inadequate time and resources for hands-on practice and repetition of skills learnt have been identified (Borneuf and Haigh 2013, Walker et al. 2013). Deficits have also been identified in underpinning biosciences knowledge (Ylonen et al. 2014, Missen et al. 2016). Lack of evidence-based knowledge and skills can adversely affect wound healing and lead to social, personal, financial and psychological costs on the individual and economic drain on the health-care system (Franks et al. 2016).
In order to cope with rapidly changing health and educational environments, nurse educators must strive to facilitate student competence in wound care through the use of a variety of transformative learning strategies. Computer-assisted learning (CAL) offers some possible solutions. CAL products provide flexible, asynchronous teaching-learning environments that can if reused, offer long-term value (Williams et al. 2015, Blake 2010). This article describes the evaluation of an innovative approach to supplement undergraduate learning of wound care – the development of a series of wound care reusable learning objects (RLOs). 

RLOs are digital learning activities that can be integrated into modules and can be reused to attain module outcomes (Billings 2010). Each RLO is generally small in size and is highly visual. Learning outcomes are provided and sufficient content is included to meet these. The RLO also contains a practice component in which the learner must apply the content in a clinical context and self-test elements with formative feedback. RLOs are flexible, being accessible anytime and anywhere. They can be used alone or to support in-classroom learning, blended learning, or online instruction outside the classroom prior to face-to-face sessions (flipped learning) (Khanova et al. 2015). They have been evaluated as an effective use of time and have been shown to appeal to nursing students (Brooks 2015, Windle et al. 2011, Williams et al. 2015, Billings 2010). 

The wound care RLOs were designed to facilitate constructivist learning that fosters active student engagement in their own learning (Kala et al. 2010). Students construct knowledge and meaning based on pre-existing knowledge and experiences and through interaction with new information. The developed RLOs provided inquiry methods to investigate the topic of chronic wound healing. The RLO design principles were also informed by cognitive theory of multimedia learning (Mayer 2009). This theory endorses the use of both authentic visual and aural information with interactive formative assessment to facilitate the learner to build conceptual connections and attain learning gains.



Aims of this study
The aims of this study were:
1. To evaluate the educational attributes of the wound care RLOs with third year undergraduate nursing students to identify their perceived learning gains in terms of knowledge, performance and attitudes.
2. To evaluate the media attributes of the RLOs to identify enablers of learning.
RLO development as an Educational Intervention 

While a number of repositories exist of predeveloped RLOs we were unable to find one dealing with chronic wound care in the step-by-step procedure of the interactive resource presented here. We therefore undertook this task during 2014-2016 using a well-established methodology (Windle and Wharrad 2010). In order to capture the necessary quality, content and context of the multimedia elements that we required, ethical approval was obtained to produce a number of video recordings of tissue viability nurses (TVNs) carrying out wound care on people in our partner hospitals and clinics. This video footage was edited and formatted, incorporating written content, images and voice over to highlight what was being demonstrated during the various video clips. The resources were reviewed by an expert panel composed of a TVN, two nurse physiologists and an educational technologist at two points in time. This was to ensure the usability and appropriateness of media to explain the concepts and to assess the quality and relevance of the content. 

In total four RLOs were developed. The first provided an introduction to chronic wounds, discussing their aetiology. A venous leg ulcer scenario was used as an exemplar. The second covered chronic wound assessment principles; the third the principles of chronic wound management and the fourth explored aftercare management. The RLOs were designed to facilitate the user’s learning journey by offering flexible pathways. Students could choose to work through them in a sequential order, with the opportunity to complete a quiz or case study to test their pre-existing knowledge and identify their learning needs.  
Table 1 outlines how the educational theories directed the design of the RLO.
	Table 1: Reusable Learning Object Instructional Design Pedagogy  

	Constructive Learning Theory (individual)
	RLO Design Attributes
	Implication for Learning

	Learning is understood as achieving understanding through active discovery. 
	Presentation of learning opportunities that facilitates progressive discovery of relevant concepts/skills related to wound care 
	Ownership of the learning task.
Active construction and integration of learning using multimodal content, learning activities, assessment and feedback. 

	Emphasis on learner control.
	RLO provides an interactive environment with learning activities that allow experimentation and discovery learning.
Flexibility to engage in learning at a time, pace and place that is appropriate for the learner. 
	Promotes learner engagement, motivation and active learning. 

	Constructive alignment. 
	Learning outcomes are aligned with purposeful activities and assessment tasks  
	Facilitates self-regulated learning.

	Context dependent learning.
	Anchored learning in meaningful content (real video and photograph footage).

Authentic tasks based on real-world, case-based exemplars. 
	Enhances deep learning through activities that are personally meaningful for application in professional nursing practice. 

	Construction of knowledge 
	Active inquiry tasks: 
Reflect on pre-existing knowledge and experiences of learner. 

Integrated new information and problem-solving learning tasks (reflection and drag and drop activities) 
Increase complexity of activities by presenting new problems and situations e.g. wound care dressing choice etc.
	‘Discovery’ is facilitated by providing the necessary resources

Knowledge is actively constructed & learning is presented as a process of active discovery

	Learners construct their knowledge through active inquiry and increasing complexity 
	
	

	Cognitive scaffolding
	Emphasis on assessment for learning. 
Create situations where the students feel safe questioning and reflecting on their own processes.
RLOs aided the development of pattern recognition by e.g. offering a number of attempts to categories tissue types, to grade exudate volume etc.
Providing scaffolding at the right time and the right level
Feedback: Support learning tasks with follow up conceptual clarity 
	
Strengthen the learner's tendency to engage in intentional learning processes, especially by encouraging the strategic exploration of errors, reflection and feedback. 

	Cognitive theory of multimedia learning 

	Dual channel principle –separate channels for processing verbal and pictorial information – using both reduces memory overload.
Limited capacity principle
	RLOs contain multiple means of presenting information - written, aural and visual. 
Minimal text on slides when instructor discussing an image/diagram.





Figure 1 provides a sample of the RLO content. It is intended that these RLOs will be made freely and openly accessible under a Creative Commons licence.
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METHODS

Design
This is an evaluative study incorporating a single arm pre and post-trial and a cross-sectional survey. 

Setting
This study was conducted in a large university in Ireland offering degree programmes (majors) in general, mental health and children’s and general nursing. Each programme is semesterised and modularised. Previously a module in semester two of year three (penultimate year) was identified as appropriate for the delivery of a unit on chronic wound care (Redmond et al. 2016). The newly developed RLOs were incorporated into this unit.

Sample
Third year students from the Bachelor of Science (BSc) nursing degree programmes undertaking the wound care unit in 2015 were invited to participate. Students were informed of the purpose of the study, that participation was voluntary and that their responses would be anonymous and that anonymised data may be used for future academic publications. All students present gave verbal assent to participate. A total of 192 students were included in the study. All students responded to the on-line RLO CETL evaluation tool, while 164 students responded to the in-class paper pre-test and post-test, resulting in a response rate of 85%. Students were excluded from the post-test if they had not completed the pre-test before engaging with the RLOs. Ethical exemption approval was granted by the University Research Ethics Committee.

Survey Instruments and procedure
The pre-test/post-test Wound Care Competency Outcomes Questionnaire was internally developed by academic faculty coordinating the wound care educational unit. This consists of 33 items related to wound care abilities in knowledge, application and confidence. Items for the questionnaire were developed from course documents and an extensive review of the literature which identified outcomes that should ensue following a wound care course at undergraduate level (Bolton et al. 2004, Beitz and van Rijswijk 2010, 2012, Ko et al. 2006). The questionnaire was tested prior to administration for face and content validity using the cognitive interviewing technique (Izumi et al. 2013). Internal consistency for question items was high with Cronbach  coefficient >0.7 for each item.

Items were presented on a five-point Likert scale that asked participants to rate their ability from zero, indicating no ability, to 4 indicating excellent ability. The instrument was presented at two times: prior to access to RLOs or any chronic wound care content (time one) as pre-test items only and within two weeks after engaging with RLOs and before any lecture content (time two) in the format of a post-test. The same items appeared on both the pre-test and post-test versions of the questionnaire. The RLOs were made available on-line for a two-week period only and student engagement and completion was monitored. 

The RLOs were also evaluated by the students using the well validated RLO CETL Questionnaire (Wharrad et al. 2008). This tool asks students to rate their experience of: accessing the technology; the clarity, level and integration of the content; the usefulness of the content and exercises for knowledge gain, knowledge retention and future practice; their enjoyment of the multimedia and the attributes of the RLOs which contributed to their learning. Students were also asked to 1) generally comment on the RLOs and 2) comment on how the learning objects could be improved. Students were brought to this online survey directly on completion of the RLOs.

Data analysis

Descriptive data analyses were undertaken using frequencies and measures of central tendencies using SPSS version 20 (IBM SPSS Statistics 20). The frequency distributions of items were assessed based on their report using the Likert scale. The sum of individual student scores of items was calculated overall and for each subsection. Data from the pre-test and post-test were analysed using a repeated-measures design. Due to the ordinal level of data and non-normally distributed data (assessed by Kolmogorov-Smirnov test), the Wilcoxon signed rank test (non-parametric test) was chosen. Bonferroni correction; 0.025 was used as the critical level of significance to reduce the possibility of a type 1 error (two comparisons 0.05/2 =  = 0.025). Effect sizes are also reported and were calculated using Pearson’s correlation coefficient (Field 2005). Effect sizes of r = 0.10 were considered small; r = 0.30 were considered medium and 0.50 large (Cohen 1988).

Qualitative data was coded using a thematic analysis approach. Quotations representing the key themes were later selected and used alongside literature evidence to illustrate the key issues.

RESULTS

Demographic data
The demographic profile of the undergraduate nursing students is presented in Table 2. The majority (76%) of the sample were 18-22 years old. 96.3% were female and the majority of respondents (82.9%) were undertaking their degree in general nursing. 96.3% of the sample were of Irish nationality.



Table 2. Demographic profile of the sample
	Age
	 
	 

	 
	18-22yrs
	124 (76.1%)

	 
	23-40yrs
	35 (21.5%)

	 
	41-50yrs
	4 (2.5%)

	Gender
	 
	 

	 
	Females
	158 (96.3%)

	 
	Males
	6 (3.7%)

	Nursing Discipline
	 

	 
	General
	136 (82.9%)

	 
	Children's & General
	19 (11.6%)

	 
	Mental Heath
	9 (5.5%)

	Nationality
	 
	 

	 
	Irish
	158 (96.3%)

	 
	European
	4 (2.4%)

	 
	Non-European
	2 (1.2%)




Change in student self-reported ability
Measures of central tendency and variability for the pre-test (time one) and post-test (time two) are displayed in Table 3. The post-test data indicated that on all items students had made positive gains in their perceived wound care ability when compared with the pre-test scores. The highest change scores were in students’ ability to recognise if a wound is infected, to follow infection control policy during wound care, and their ability to assess and treat pain experienced during wound care. However, at pre-test, students had rated their competency in these areas between good (rating of 2) and very good (rating of 3) ability, yielding a small effect size of the RLOs on these items (see Table 3). Students also rated their ability to take a patient history highly at pre-test and this did not change significantly after engaging with the RLOs. Self-reported change was significant for all other items with positive effect sizes found to be large for 12 items and medium for the remaining 17. Of note is that students rated their ability as less than good on twenty-one wound care competency statements at the pre-test stage. These finding highlight firstly, the low level of competence in wound care that these third year students considered they were entering this module with, and the learning and confidence students subsequently gained from engaging with the developed RLOs.

Table 3. Pre-test and post-test scores of wound care outcomes.
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	Pre-test/Post-test

	
	 
	 
	 
	 
	 
	
	 
	 

	 
	Pre-test
	Post-test
	Wilcoxon
	Effect size

	Item
	M   
	SD
	M
	SD
	Z
	p
	 
	 

	1.      Ability to carry out a patient history
	2.80
	0.64
	2.94
	0.76
	1.87
	0.06
	0.1
	S

	2.      Ability to assess skin integrity
	2.06
	0.69
	2.60
	0.75
	5.94
	0.001
	0.3
	M

	3.      Ability to identify factors which predispose a patient to a wound
	2.19
	0.70
	2.69
	0.73
	5.67
	0.001
	0.3
	M

	4.      Ability to identify wound type
	1.42
	0.68
	2.34
	0.78
	8.11
	0.001
	0.5
	L

	5.      Ability to identify wound aetiology
	1.44
	0.82
	2.60
	0.83
	8.86
	0.001
	0.5
	L

	6.      Ability to discuss the physiology of the phases of wound healing
	1.07
	0.69
	2.49
	0.87
	9.79
	0.001
	0.5
	L

	7.      Ability to identify each phase of wound healing
	1.15
	0.72
	2.47
	0.83
	9.66
	0.001
	0.5
	L

	8.      Ability to recognise if a wound is not healing as expected
	1.87
	0.74
	2.68
	0.79
	7.47
	0.001
	0.4
	M

	9.      Ability to assess a wound bed using a structured approach
	1.17
	0.80
	2.37
	0.84
	9.06
	0.001
	0.5
	L

	10.    Ability to identify tissue type in a wound bed
	1.23
	0.82
	2.37
	0.81
	8.70
	0.001
	0.5
	L

	11.    Ability to recognise if a wound is inflamed
	2.34
	0.72
	2.81
	0.79
	5.23
	0.001
	0.3
	M

	12.    Ability to recognise if a wound is infected
	2.52
	0.74
	2.87
	0.76
	3.63
	0.001
	0.2
	S

	13.    Ability to assess the volume and type of exudate in a wound
	1.64
	0.85
	2.72
	0.83
	8.59
	0.001
	0.5
	L

	14.    Ability to assess the skin surrounding a wound
	2.09
	0.69
	2.64
	0.78
	6.08
	0.001
	0.3
	M

	15.    Ability to assess the edge of the wound for undermining
	1.34
	0.85
	2.54
	0.81
	8.93
	0.001
	0.5
	L

	16.    Ability to assess for and treat pain experienced by a patient
	2.32
	0.80
	2.85
	0.78
	5.52
	0.001
	0.3
	M

	17.    Ability to choose evidence-based products to clean a wound
	1.85
	0.92
	2.56
	0.76
	6.48
	0.001
	0.4
	M

	18.    Ability to cleanse a wound appropriately
	2.27
	0.86
	2.78
	0.82
	5.24
	0.001
	0.3
	M

	19.    Ability to follow infection control policy during wound care
	2.53
	0.82
	2.87
	0.78
	3.81
	0.001
	0.2
	S

	20.    Ability to critically evaluate which dressing most suitable
	1.17
	0.81
	2.32
	0.75
	9.27
	0.001
	0.5
	L

	21.    Ability to apply dressing products appropriately
	1.95
	0.88
	2.56
	0.81
	5.57
	0.001
	0.3
	M

	22.    Ability to reassess a wound if not progressing as expected
	1.68
	0.78
	2.54
	0.81
	7.63
	0.001
	0.4
	M

	23.    Ability to identify factors which may be delaying healing
	1.91
	0.78
	2.66
	0.73
	6.93
	0.001
	0.4
	M

	24.    Ability to decide if appropriate to take a wound swab
	2.11
	0.88
	2.78
	0.78
	6.10
	0.001
	0.3
	M

	25.    Ability to identify factors which may assist healing
	1.90
	0.83
	2.72
	0.75
	7.27
	0.001
	0.4
	M

	26.    Ability to provide nutritional advice to aid wound healing
	1.74
	0.83
	2.50
	0.73
	7.22
	0.001
	0.4
	M

	27.    Ability to provide advice on mobility to aid wound healing
	1.80
	0.79
	2.49
	0.77
	6.85
	0.001
	0.4
	M

	28.    Ability to document care effectively
	2.34
	0.78
	2.76
	0.78
	4.42
	0.001
	0.2
	S

	29.    Ability to discuss the rationale for compression bandaging
	1.46
	0.80
	2.71
	0.83
	9.15
	0.001
	0.5
	L

	30.    Willingness to holistically assess a patient
	2.16
	0.95
	2.69
	0.79
	4.99
	0.001
	0.3
	M

	31.    Confidence level at undertaking a chronic wound assessment
	1.36
	0.79
	2.43
	0.81
	8.59
	0.001
	0.5
	L

	32.    Confidence level at cleaning and dressing a chronic wound
	1.80
	0.85
	2.65
	0.85
	7.29
	0.001
	0.4
	M

	33.    Confidence level with aftercare of a patient
	1.48
	0.77
	2.49
	0.89
	8.29
	0.001
	0.5
	L



RLO CETL evaluation:

Computer Issues
The initial items on the RLO CETL evaluation tool asks students about their computer use and confidence. Of the 192 students who completed this questionnaire 75.5% (n=145) stated they had access to and used the web at home for engaging with the RLOs. The remainder (n=47) accessed the RLOs through the college web. A total of 34.4% (n=66) of students reported very high confidence in computer use, while the majority (61.5%; n=118) stated they were highly confident, and only 4.2% (n=8) reported low confidence in using computers. A minority reported technical difficulties, mainly in the time taken for one video clip to load and slow internet access. All students reported that they accessed and completed all four RLOs.

RLO attributes
Table 4 shows the student ratings of a range of attributes of the RLOs. Over 95% of students agreed or strongly agreed with all statements under each of the 5 attribute categories. The flexibility and control category obtained the highest mean rating with 76.7% (n=147) students strongly agreeing with all statements. Indeed overall, the majority (>67%) of responses to each survey item were positively recorded as strongly agree. Of particular note is that 84% (n=161) of students strongly agreed that the RLOs provided real-life information that they could use in future practice. The only minor negative responses were from eight students (4.2%) who disagreed with the statement that the self-assessment exercises within the RLOs contributed to their learning. The strongly disagree responses (0.5%) came from one mental health student who commented that wound care was not in any way applicable to her practice. 







Table 4. Student ratings of attributes of wound care RLOs divided into five categories: Educational value, Learning support, Flexibility and Control, Usability and Media Attributes.
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Qualitative responses
In total 98.4% (n=189) of students responded to both open-ended questions. Table 5 outlines the key themes emerging from these responses. Five broad themes (T1-5) were identified from the student comments: T1 – enjoyment of learning; T2 – value of the multimedia; T3 – flexibility of learning; T4 – applicability of content and T5 –interactivity level. Qualitative data were predominately positive in nature and substantiated the response trends obtained in the survey. Of particular interest is that students requested more interactive exercises both to test and to enhance learning.  


Table 5. Themes identified from the open-ended questions.
	Theme
	Student quotations

	T1. Enjoyment of learning
	“Really enjoyed the audio and visual part of this. Made learning fun”

“Generally the idea of RLO's is really great”

“I would be happy to have them for all the modules”

“Nice easy and enjoyable way to learn”

	T2. Value of multimedia
	“I think the clear voice-over along with the images made this very easy to understand”

“I thought the note section with the written information was very helpful”

“I like using the video technology to learn, it's easier than using a page of paper”

“I liked hearing our own lecturer’s voice. It made the learning a bit easier for me”

	T3. Flexibility of learning
	“Easy accessible learning experience”

“I really liked being able to learn at my own pace” 

“I liked that I could pause and rewind as necessary so I had time to write notes”

	T4. Applicability of content
	“I feel much more confident about wound care. After this RLO applying compressing bandaging is not a black magic for me anymore”

“It was partly like a revision session from previous lectures and practice and refreshed my memory”
 
“Really gave me a great insight to the care of wounds and of a patient with a wound. I was able to note these in my journal that I keep on hand on clinical placement”

“The content is so relevant to what we do on the wards. I feel a lot more confident identifying wounds, evaluating healing and I feel now I can make the decision about what dressing is needed. Need more tools like this in our modules”

I love …the reminder that the wound is attached to a patient and has an impact on their overall health and wellbeing.

	T5. Interactivity level
	“more self-questions to be tested on before been given the answers”

“More questions to test my knowledge”

“More questions, to remain focused and on topic”

“More of these self-learning activities as they are helpful and I remember my mistakes”



DISCUSSION

In this study we evaluated RLOs as an educational tool for chronic wound care. Student self-reports indicate competency outcomes for wound care had increased significantly after engaging with the RLOs. They also reported a greater ability to discuss and use various important biological concepts that underpin wound care. Certain features of the RLOs described in Tables 2 and 3 appeared to contribute to this enhanced learning. These findings are supported by other studies describing the educational benefits of RLOs in blended learning settings in healthcare curricula (Williams et al. 2015, Bath-Hextall et al. 2011, Windle et al. 2011).

It is recognised that “teaching with technology” will not by itself enhance the learning experience of students. Rather it is the emergence of the digital pedagogies of active learning and collaboration which will have the most impact on student learning (Brooks 2015). In the design of these RLOs, the concept of active learning was very much at the forefront of the authors’ minds. Articulate Storyline, the authoring software package used, has a number of triggers or ways for students to interact with the content, for example “drag and drop”, “labelling and “fill in the blank” exercises etc. Research indicates that it is the activity that the learner engages in, and the outcomes of that activity, that are significant for learning (Gholson and Craig 2006). The interactive exercises developed for student learning were diverse and authentic. Authentic learning stresses the use of real situations and is an important determinant of student engagement (Herrington et al. 2003). The decision to develop visual data (both video and images) from the practice setting using people receiving their normal wound care gave us a rich library of authentic material. The exercises produced simulated the clinical situations that students would encounter when managing the care of a person with a chronic wound. For example, students were asked to identify the type of tissue displayed in various video clips and to grade the moisture content found on images of various dressings. Students rated the value and credibility of these interactive exercises very highly. They cited that they also enjoyed the holistic nature of these exercises, being asked to care for a patient’s pain, mobility and nutritional issues, social and environmental issues in addition to the wound. While the relevance of the content and context contributed to the students’ enjoyment of the RLOs, the level and complexity of the interactive exercises is also considered an important factor in the literature (Song and Kidd 2005, Blake 2010) and students felt that these were pitched at the right level. In line with good educational practice the provision of dynamic feedback following student responses was provided. This in itself is a very compelling form of learning (Conradi et al. 2007), with students commenting on this as an affirmation of their learning and a motivator to review and reflect on content and their own experience. 

Surprisingly, a large number of students reported that they would like more interactive opportunities to engage with. This is heartening as it underscores the value students place on this and is a step forward on the E-learning ladder (Moule 2007) towards constructivist learning. It also provides evidence that the RLOs provoked some critical reflection by students and was motivating them to a desire for further learning. As adult learners, students often choose what to learn and what is important and applicable to them. While the evidence that the use of RLOs promotes deep learning is sparse at present (Bath-Hextall et al. 2011), these RLOs have piqued the interest of students resulting in their request for further activities. 

Similar to other studies (Bagley and Johnson 2007, Blake 2009, 2010), students reported that the use of RLOs helped both knowledge gain and retention of difficult to grasp subject material (e.g. compression bandaging). Some students also reported that they were useful as a method of consolidating learning undertaken in earlier modules and on clinical practice. Consistent with other literature (Khanova et al. 2015), they requested that the RLOs be left available for use throughout the module as they considered they would also be very helpful as revision aids. Students receive content relating to skin integrity and acute wound care in Year 1 and 2 of their programmes. While there are similarities in content the ability to assess and manage a patient with a chronic wound is more complex. Students recognised this as evidenced by the low level of competence in chronic wound care that the students self-reported at the start of this unit. This is also consistent with published studies assessing qualified non-expert nurses’ knowledge of and adoption of evidence-based wound research for chronic wound care (Beitz and van Rijswijk 2012, Helberg et al. 2006, Stremitzer et al. 2007, Ylonen et al. 2014, Missen et al. 2016). 
In their qualitative comments, students reiterated many of the responses they made to the closed statements in the surveys. They highlighted how appealing they find this new media, enjoying its ease of access, at any time and place and at their own pace. Technology was clearly socially and culturally acceptable to this group, with 95% of students in this study reporting high confidence in the use of computers. This is in stark contrast to a decade ago where computer illiteracy was identified as an international issue impeding e-learning in nursing (Wharrad et al. 2005, Gilchrist and Ward 2006, McVeigh 2008). The majority of the students in this study were “millennial” students (born between 1981 and 1999) and according to Mangold (2007) display non-linear learning preferences and use technologies dynamically. Using technology enabled us to incorporate universal design principles into our learning activities to accommodate individual learning differences. We provided multiple means of representation (audio, visual and written content) to give learners various ways of acquiring and interacting with information and knowledge. The fundamental idea behind universal design for learning (UDL) is injecting flexibility into the materials and methods used for teaching. This maximizes learning opportunities for today’s diverse cohort of students (Rose 2001). Students commented on the audio, the availability of written notes as well as images and video as enablers of learning.  
Limitations
This was a modest scale evaluation study based on a convenience sample in a single site which is too limited to allow generalisation of results. The study relied on students’ self-reporting their levels of ability. Objective measures of increase in knowledge and ability were not collected as students agreed to take part in the study on the basis that their responses were anonymous. In addition, long-term retention of knowledge gained was not assessed. As students had some prior understanding of the constructs, a degree of response shift bias could have occurred. This is where students over-estimate their ability on items in the pre-test (Drennan and Hyde 2008). There is also a possibility that respondents may have remembered their responses to the pre-test when completing the post-test.
[bookmark: _GoBack]
CONCLUSION
Nurse educators need to ensure that students are adequately prepared and competent to take on the task of wound management despite educational barriers such as lack of dedicated staff and time. RLOs provide an alternative and complementary strategy - that of a flexible, asynchronous teaching-learning environment. The RLOs were successful in supporting the students understanding of wound care issues, resulting in a perceived increase in ability and confidence to meet wound care competency outcomes. The RLOs were evaluated positively by the students. They were valued for their flexibility, as a support with difficult areas, as an aid in revision and knowledge gain, and as a method to illustrate concepts and skills. The content was evaluated as highly applicable to practice. Furthermore, learning using RLOs was described by several of the students as fun.  
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   Strongly  Agree  Agree  Disagree  Strongly  Disagree  

Educational Value              

The purpose and objective of each RLO was clear  78.6%  20.8%  0.5%  0.0%  

The content was appropriate  74.0%  24.0%  0.5%  0.5%  

The activities were appropriate  76.0%  21.9%  0.5%  0.5%  

The self - assessment contributed to my learning  60.4%  33.9%  4.2%  0.5%  

The RLOs will help me retain information  67.7%  29.7%  0.5%  0.5%  

The RLOs encouraged me to reflect on the material  79.7%  18.8%  0.5%  0.5%  

The RLOs integrated well with other parts of the  module  63.0%  31.8%  1.6%  0.5%  

The RLOs have helped me achieve the learning objectives  59.9%  37.0%  1.0%  0.5%  

The RLOs have provided useful informat i on to guide my clinical practice  83.9%  14.6%  0.5%  0.5%  

The RLOs provided real world context for learning  78.6%  20.3%  0.0%  0.5%  

I will use these RLOs again  74.5%  24.5%  0.0%  0.5%  

I will recommend these RLOs to others  78.1%  21.4%  0.0%  0.5%  

I would like more RLOs in other modules  77.6%  21.9%  0.0%  0.5%  

Learning support              

The RLOs introduced new  concepts/lang u age clearly  73.4%  26.0%  0.0%  0.0%  

The RLOs were pitched at the right level for me  69.3%  28.6%  0.0%  0.5%  

The RLOs helped me to address specific gaps in my knowledge  67.2%  30.2%  0.5%  0.5%  

Flexibility and control              

I enjoyed being able   to work at my own pace  78.1%  20.3%  0.5%  0.0%  

I enjoyed being able to learn on my own  68.8%  28.1%  1.6%  0.5%  

I liked that I could access the RLOs from anywhere  80.2%  18.2%  0.5%  0.0%  

I liked that I could access the RLOs at anytime  79.7%  18.8%  0.0%  0.0%  

Usability              

The RLOs were well structured   78.6%  21.4%  0.0%  0.0%  

The RLOs were easy to navigate  79.7%  20.3%  0.0%  0.0%  

The RLOs were clear about and provided links to prior delivered knowledge  66.7%  31.3%  1.6%  0.0%  

Media attributes              

The  images and video clips were valuable components of the RLOs  78.6%  19.8%  0.0%  0.5%  

The narration made the RLOs more engaging  59.9%  34.9%  3.1%  1.0%  

The on - screen text  was useful  63.0%  33.3%  1.6%  0.0%  
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