Differential impact of unguided versus guided use of a multimedia introduction to equine obstetrics in veterinary education
Abstract
In view of supporting the study of the complex domain of equine obstetrics, a FoalinMare multimedia package with 3D manipulative designs has been developed. The present study centers on questions as to the most optimal implementation of the multimedia package in veterinary education. In a pretest-posttest cross-over design, students were randomly assigned to one of four conditions. Experimental conditions varied – next to a traditional lecture based introduction to equine obstetrics -  from independent exploration of the FoalinMare DVD, to independent guided DVD usage, to guided classroom usage of the DVD.  As dependent measures, student mastery of knowledge and skills, cognitive load and self efficacy was measured. Results point at the significant superior impact of studying with the FoalinMare DVD on skills acquisition and higher levels of self efficacy. In addition, experimental conditions that build on guided usage of the multimedia application, result in superior performance. Building on the crossover design, the guided classroom usage boosts in a significant way the knowledge acquisition in the subsequent learning phase in the control condition. Building on these results, implications and directions for future research are presented.
Introduction

Equine obstetrics presents a complex and challenge knowledge domain to both veterinary science students and teaching staff. From the perspective of the student, equine obstetrics requires the mastery of a specific set of integrated knowledge and the mastery of complex skills that are critical when assisting the foaling process (Schmid et al. ,1994). From the perspective of teaching staff, this topic is challenging since assisting mares in giving birth is a challenging task; even for experienced veterinarians. The foaling process is swift, requires targeted interventions, efficient diagnosing and interventions skills and the mastery of a broad knowledge base to explain and handle emergency situations. 

Moreover, due to the seasonality in equine breeding management and due to the rotation between the different clinical duties, students have to obtain the knowledge and experience in a very limited period of time.  Obtaining experience without a good initial insight into the different possibilities of dystocia with its inherent tridimensional aspects is hardly impossible to obtain for students in a clinical setting. Providing sufficient clinical workload in order to obtain experience for every veterinary student is difficult in most teaching hospitals. “Even for specialized equine practitioners, without previous experiences in bovine obstetrics, the small numbers of obstetrical cases in horses impedes winning experience “ (Schmid et al., 1994, Frazer, 2002).
Nonetheless, there is a need to gain more experience and an increased exposure to routine cases in theriogenology work, especially in large animals species (Routly et al., 2002) since it represents a significant portion of practice activities. Especially dystocia management is a high priority in a day to day large animal practice (Kustritz et al. 2006). Authors stress: “The usual high costs of veterinary training constrain the chances to maintain equality of training levels through the European Union” (Rodriguez-Martinez 2004). Providing possibilities to ameliorate education in equine obstetrics through animations and movies might be part of a solution to deliver students more insights without the need to increase the numbers of experimental animals for educational purposes (Einstein 1997).
In human medical education, several multimedia applications (animated movies, virtual reality simulations (McDougall et al. 2009)) and simulation dummies (Daniels et al. 2010), even computer-guided dummies (McDougall et al. 2009), are available and become more and more realistic (Ennen and Satin 2010). In veterinary medicine, due to smaller numbers in students and differences in budgets, unfortunately, such tools are rare (Frey et Paschmionka 1996, Bossaert et al. 2008). Although the use of dummies might give a more realistic impression to students, flexibility and cost of those tools are limiting the success and user-friendliness in an educational setting.
The former has inspired the FoalinMare project that has resulted in the development of a multimedia package that introduces learners to equine obstetrics. Using a computer-aided design of an anatomic model of a pregnant mare, artist created countless images for each sequence of the pathways of pregnancy and parturition in the mare. All details thus captured were checked by renowned specialists in equine obstetrics, and scientific considerations prevailed in the design. Besides the animation of the normal birth process, many other animations of malpostures and several malpositions and pre- and post partum complications, were made. The three dimensional animated movies come along with voice-overs in eight different languages. 
The aims of the FoalinMare project are to give more insights in the foaling process as well in all manipulations that have to be performed when correcting a malposture or malposition of the foal during a dystocia. As such the project has the intention to help in diagnosing and treating dystocic conditions in the mare. Giving students more insights in this domain will enhance the learning process and assuring that competences and skills can be easily acquired.  

Though learners can independently explore and study the structured content of the FoalinMare DVD, questions remain unanswered as to the most optimal implementation of the multimedia package in veterinary education. The present article builds on the instructional potential of the FoalinMare DVD, but introduces key questions as to implementation issues and an empirical study of its potential to affect a number of mediating variables (self-efficacy and cognitive load) and learning performance. The central research problem centers on the differential impact of guided or unguided use of the multimedia package to study basic knowledge and skills in relation to equine gynecology.
Theoretical base

Multimedia – the mixed use of a rich variety of auditory, textual and visual representations – is increasingly used in veterinary medical education. Next to their role in supporting classroom learning by the delivery of more authentic, dynamic and interactive representations (simulations, animations, …), they also present the opportunity to offer independent learning environments to learners (see e.g., Abutarbush, et al. 2006; Short 2002). The adoption of multimedia to support complex learning is a constant in the research literature. A key approach to ground assumptions about its impact is the Cognitive Theory of Multimedia Learning (CTML) of Mayer (2001a). A basic principle, put forward in the CTML is the multimedia principle that states that learning processes supported with multimedia will result in superior retention and application of the knowledge base. The CTML has been adopted by many researchers as guidelines to develop instructional materials in view of improving learners’ achievement (Gellevij, Van der Meij, De Jong, & Pieters 2002; Leahy, Chandler, & Sweller 2003). A large body of empirical evidence is available that grounds the CTML guidelines. Since the studies of Mayer (2000), research has focused on studying the differential impact of multimedia use on increased performance (knowledge acquisition and skills application), cognitive load and self-efficacy.

Mayer and his colleagues build on theoretical conceptions, such as the active processing assumption, the limited capacity assumption, and the dual channel assumption (Mayer 2001b, 2003, 2005). The active processing assumption states that learners are actively involved in a continuous selecting-, organisation- and integration process of information presented and already available as prior knowledge in their long term memory. The dual channel assumption states that learners possess both an auditory and a visual channel to process information. Multimedia present information along both the auditory and the visual channel and thus help to distribute the processing burden. The limited capacity assumption refers to the limited processing capacity of working memory. Humans can only process a limited amount of information in each channel at the same time. Presenting too much or too unstructured information will increase extraneous cognitive load. Sweller, van Merriënboer & Paas (1998) give a variety of ways to reduce the extraneous cognitive load and promote germane cognitive load. They refer to multimedia representations of the content, and e.g., the use of multimedia (sound, animations, 3D visualization).

The empirical evidence underpinning the CTML has influenced instructional designers to integrate multimedia in learning materials. Clear evidence is available as to the impact of multimedia on the acquisition of knowledge (concept, theories, principles), and procedural knowledge (skills) (Ainsworth & Loizou 2003; Angeli & Valanides 2004; Chandler, 2004; Chang, Sung, & Chen, 2002; Lewalter 2003; Lowe, 2003; Mayer 2001a, 2003, 2005; Novak, 1998; Roth & Bowen, 1999; Roth, Pozzer-Ardenghi, & Han 2005; Schnotz 2002; Schwan & Riempp 2004). Research also underpins the mediating impact of multimedia on the reduction of cognitive load. Adopting multimedia is expected to reduce cognitive load in conditions where e.g., graphics are introduced to support knowledge and skills acquisition. 
In addition to cognitive load, we build in this study also on the mediating impact of self-efficacy. Bandura defines self-efficacy as “beliefs in one’s capabilities to organize and execute the courses of action required to produce given attainments” (Bandura 1997, p. 3). Self-efficacy beliefs are seen as a major mediator of behavior, and behavioral change. Different researchers position therefore self-efficacy as a motivational construct that influences subsequent learning performance (Pintrich & Schrauben 1992; Zimmerman 2002). Research is rather consistent as to the relationship between high self-efficacy levels and resulting learning performance (see e.g., Jackson 2002 and Lane, Lane & Kyprianou 2004). Research about self-efficacy in the field of veterinary education is scarce (see e.g., Abood, 2008). Nevertheless, we present it as a key variable since equine gynecology is a complex knowledge and skills domain requiring students to feel confident and able to carry out complex tasks.   The study of Vandeweerd & Davies (2006) is exemplar in this context since it points out how veterinary students are concerned about their clinical competences due to the limited time  they can spend on clinics and how this affects their self-efficacy and the development of their clinical approaches.

Fostering the acquisition of complex knowledge introduces a debate about the need for support and guidance. Providing guidance during the use of multimedia implies that learners are explicitly invited to focus on the multimedia representations in view of adequate cognitive processing. Giving cues, hints, and structuring the way the complex multimedia information is studied step-by-step, is consistent with the active processing assumption. Such support is expected to help learners to select, process and organize the information in working memory in view of the development of mental models and the integration in long term memory. CTML expects that well designed learning materials automatically promote the active processing of information (Mayer 2001a, 2001b, 2003, 2005). But, other studies show that learners often remain passive when they are presented with complex visual representations (Bodemer, Ploetzner, Bruchmüller & Häcker 2005). In novices, this can be due to the lack of prior knowledge. Therefore, a number of researchers suggest ways to engage participants actively in the complex learning process; working with concept maps (Novak 1989), presenting learners with pre-worked examples (Paas & van Gog 2006; Sweller 2006), etc. In the present study, we will therefore contrast unguided individual use of the multimedia DVD with guided individual and guided classroom usage. The latter builds on the rationale that experts guiding the multimedia based learning process, will be more successful to engage learners actively in the information processing as compared to novices who are hypothesized to master insufficient prior knowledge (see e.g., Eysink et al. 2009 or Krippel et al. 2010). In addition, due to the adoption of a cross-over design, we will study the value of conventional classroom lectures as a preparatory didactical intervention before studying multimedia materials, or vice versa, the orienting value of studying multimedia materials before taking a conventional classroom lecture. In this context, the differential impact on both knowledge acquisition and skills development will be studied.
Lastly, we refer in our theoretical base to learning theories that stress the need to build on a rich set of authentic and realistic prior learning experiences that form the base for reflection and abstraction. Building learning processes on authentic or semi-authentic multimedia presentations - such as the FoalinMare DVD – is in line with e.g., experiential learning theory  (Kolb, 1984). Also Maudsley en  Strivens (2000) build on experiential learning when they develop an innovative curriculum that stresses complex, problem solving oriented learning. Starting the learning process with the multimedia experiences embedded in the FoalinMare DVD is therefore expected to positively influence the subsequent acquisition of the rich knowledge knowledge base related to equine obstetrics (knowledge and skills). To test this assumption, a cross over design is adopted that starts either with the FoalinMare DVD or with a traditional lecture in the conventional classroom setting

An integration of the theoretical base – described above - results in the following conceptual framework (figure 1).
[image: image1.png]



Figure 1: Integrated frame of reference to describe and explain the expected learning impact of multimedia usage in the field of equine gynecology.
Research study
Research hypotheses

Building on the theoretical base, the following hypotheses are put forward that primarily focus on (1) the impact of the multimedia learning materials and (2) on the differential impact of different types of guided usage of the multimedia materials:

1. The learning processes, based on the use of the multimedia learning materials, will result in significantly higher level of knowledge acquisition and skills mastery.

2. Guided use of the multimedia learning materials will result in significantly higher levels of knowledge and skills mastery.

3. Learning processes based on the use of the multimedia learning materials, will result in significantly lower level of cognitive load and a higher level of self-efficacy.

4. Guided use of the multimedia learning materials will result in significantly lower levels of cognitive load and higher levels of self-efficacy.
In relation to the first two hypotheses, the cross over design helps to test the assumption that starting the learning process with the FoalinMare DVD will result in subsequent higher acquisition of knowledge and skills about equine obstetrics.
Research sample

The study of equine gynecology is a compulsory part of the curriculum of 5th and 6th year students. In view of the present study, the entire population of  5th  year were invited to participate (total N = 248). Due to roster problems, illness and in foreseen circumstances, a number of students did not participate in either the first and/or the second phase of the study. In total, 192 students participated in the first phase, and 180 participated in the second phase.  In total, full data sets could be obtained from 178 students. 

About 26,20 % of the students are female. Most students (94%) study this topic for the first time. As to nationality, 29,5 % of the student are of Dutch nationality. The other students are Belgians. 

Research instruments

As stated earlier, the following variables are studied in the present research: prior knowledge, self-efficacy, cognitive load, mastery of knowledge elements related to equine gynecology and finally mastery of skills related to equine gynecology.

A pretest was designed to control for potential bias due to initial differences in prior knowledge between students involved in the study. The pretest consisted of 10 multiple-choice items, covering the conceptual knowledge base in relation to equine gynecology. 

A new test was designed to determine the Self-EFficacy in Equine Gynecology (SEFEG).  Bandura and subsequent researchers present as a key guideline that the development of a self-efficacy instrument should build in a clear analysis of the competences that reflect performance (Lachman & Leff 1989; Pajares 1996; Pajares & Miller 1995). Thus, self-efficacy research should involve a thorough examination of the competences that underpin performance. In view of the development of the SEFEG ten items were developed that covered mastery of the conceptual knowledge base, and ten items that covered procedural aspects of equine gynecology. In relation to each individual item, students were invited to estimate – on a scale of 0 to 100 - the extent they feel sure they master the specific knowledge or skills element. Sample item: I feel sure that I am able to estimate the complications related to a prolaps vesicae. Reliability analysis of the newly designed SEFEG test indicates a high reliability. Cronbach’s alfa is (=.898 for the first SEFEG administration and (=.906 for the second SEFEG administration.
In the literature, measurement of cognitive load is based on a subjective report of perceived mental effort. This results in a subjective cognitive load measure (Paas, Van Merriënboer & Adam 1994) in which students note the amount of effort they experienced on a scale varying from 1 (very, very, very easy) to 9 (very, very, very difficult). Application of this kind of scale results in high reliability measures (Cronbach's () of .90 to .82 (Paas 1992).

In view of measuring the mastery of knowledge elements related to equine gynecology after being involved in a research condition, two parallel versions of a knowledge test have been developed. Each parallel test version consisted of 10 multiple choice items. Version 1 was administered at T1 and version two at T2 in the research procedure.  Sample test item: “Which complication is the most prevalent one immediately post partum in the mare?”
To determine the mastery of skills related to equine gynecology, two parallel tests were developed. Each test consisted of 7 items. Test items presented a task to the students that implied making drawings, labeling and commenting on a procedure. This type of question measures the cognitive base of skills and procedures, and is an accepted way to study a basic level of skills mastery. Version 1 was administered at T1 and version two at T2 in the research procedure.  Sample test item: 

Question  3: Make a drawing of a prolaps vesicae en indicate and label the relevant structures:

 vaginal rupture urine bladder serosal surface mucosal surface
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All tests related to knowledge and skills mastery were developed and reviewed by content specialists.
Research procedure

Prior to the study period focusing on equine gynecology, students were informed about the set up and nature of the instructional approach and the fact that an evaluation study would be linked to their involvement. Informed consent was obtained from all students, in line with the ethical guidelines applicable in Ghent University. Next to stressing the voluntary nature of their involvement, they were informed about the informal nature of assessment and evaluation measures gathered during the research set up. The adoption of a quasi-experimental design implies that groups of students are treated in a different way. This is in conflict with Ghent University regulations that stresses equal instructional quality for all students. This conflict was resolved by adopting a cross-over design to ensure that at the end of the study, all students were presented with the same type of instructional approaches. In addition, the cross-over design  helps to study the fifth hypothesis about the order-effect of studying with the DVD or on the base of a conventional classroom lecture. As depicted in Figure 3, students were assigned at random to six research conditions.
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Figure 3: graphical representation of the cross over design and the research procedure.
Prior to their involvement in a first treatment approach, all students were invited to fill out a pretest about their prior knowledge in relation to equine gynecology (T0). During the first phase, students in group 1 to 3 were involved in a traditional classroom setting (n=99). Class was given by a very experienced professor by use of a power point presentation and by aid of a life horse and foal, multiple photographs, and pictures to illustrate the teaching material.  Class was given in the native language of the audience. The lecture covered exactly the same content as the DVD. The students in the other three experimental conditions got the opportunity to work with the multimedia learning materials. Group 4 worked in a multimedia classroom, but explored individually the DVD (n=27). Students in group 5 received next to the DVD also guidelines on paper that suggested a learning path to study the different sections in the DVD (n=26). Students in group 6 worked with the DVD, but did this collectively on the base of continuous guidelines of a classroom teacher that invited them to follow a step-by-step learning path (n=40). The teacher in group 6 is an experienced clinician but with comparable teaching experience as the colleague in the control setting. The classroom teacher followed a scripted lesson plan to guarantee control of his teaching approach. At the end of this phase (lasting 90 minutes), all students were invited to fill in a series of research instruments (T1): a self-efficacy test, a knowledge test, and a skills acquisition test. Duration of the traditional lecture and the period to study from the DVD was equal.
The next research phase started one week later. In view of the second phase, students were assigned to a different treatment condition (see figure 2). In this phase, students in group 4 to 6 followed the conventional classroom lecture (n=89). Group 4 explored individually the DVD (n=25). Group 5 studied individually the DVD with guidelines (n=27). Students in group 6 studied collectively the DVD, guided by a teacher (n=40). At the end of this second phase - again 90 minutes - all students were invited to fill in a final series of research instruments: a mental load test, a self-efficacy test, a knowledge test, and a skills acquisition test (T2).
Data analysis

Initially, descriptive statistics are calculated to get an overall picture of the research results. Hypothesis testing is based on analysis of covariance. Due to differences in sample size, prior to the analysis, the Leven’s test of equality is calculated to study the homogeneity of variance.  Depending on the test results, an alternative F-test is considered taking into account violations of assumptions. In case of significant differences, post hoc analyses are carried out to identify the specific research conditions that result in significantly higher or lower results. 
Results

Descriptive results

Table 1 gives an overview of the descriptive in relation to the different measures applied in the study. The results in the table already suggest a differential impact of the research conditions. But due to differences between students at the start of the study, analysis of co-variance is needed to test the hypotheses.
Table 1: Overview of descriptive results

	Condition
	Pretest
	T1 knowledge test
	T1 Skills test
	T2 Knowledge test
	T2 Skills text
	Cognitive load
	T1 SEFEG
	T2 SEFEG

	All
	3,19

(1,55)a
	4,05

(1,34)
	12,94

(4,32)
	5,48

(1,57)
	15,23

(4,47)
	5,01

(1,97)
	53,47
(16,67)
	61,22
(12,30)

	Control
	3,18

(1,55)
	3,94
(1,28)
	10,80
(3,25)
	4,76
(1,39)
	13,92
(4,57)
	5,83
(1,82)
	45,58

(16,33)
	61,31
(13,22)

	Individual
	3
(1,63)
	4,19
(1,39)
	12,67
(3,80)
	5,04
(1,65)
	14,89
(4,15)
	4,79
(1,93)
	58,09

(13,65)
	56,43
(9,85)

	Guided individual
	2,81
(1,45)
	3,93
(1,44)
	15,30
(3,93)
	5,07
(1,61)
	18,21
(4,45)
	4,95
(1,96)
	62,01

(11,63)
	60,40
(12,55)

	Guided classroom
	3,54
(1,55)
	4,32
(1,39)
	16,78
(3,84)
	6,01
(1,42)
	14,29
(3,95)
	4,89
(2,01)
	63,46

(12,73)
	64,34
(10,76)

	
	
	
	
	
	
	
	
	
	


a Numbers between brackets refer to standard deviation values (()
The differential impact of the research conditions on knowledge acquisition and skills mastery

To test the differential impact of multimedia usage on the one hand and guidance on the other hand, univariate analysis of covariance was applied with the research conditions as fixed factors, the knowledge and skills test results as the dependent variables and the pretest (T1) or the first knowledge and skills test results as covariates (T2).

At T1, the analysis results present a clear picture.  No significant differences in knowledge acquisition are observed (F(1,192)=0,67, p=0.57) between the four research conditions (see Figure 4). But, there are significant differences in skills acquisition (F(1,192)=33,49, p < .01, eta2=.35).  Studying in one of the three multimedia conditions, results consistently in significantly higher skill scores as compared to studying in a conventional classroom setting. The conditions explains 35% of the variance in the dependent variable.  Moreover, unguided use of the multimedia materials results in significantly lower levels of skills development as compared to a guided use or a guided classroom use. Also the guided individual use result in a significantly higher skills score as compared to the unguided individual use of the DVD. Figure 3 shows in a clear way the pattern in the results (Time1).
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Figure 3: Consistent increase in skills acquisition in multimedia based conditions and guided learning settings (scores at T2 are corrected for differences at T1).

At T2, a significant differential impact is both observed in relation to knowledge acquisition (F(1,180)=16,78, p < .01, eta2=.12) and skills development (F(1,181)=17,38, p < .01, eta2=.23).
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 As to knowledge acquisition, students who first studied in a multimedia condition and are now positioned in a conventional classroom setting, consistently outperform students who study now the multimedia learning materials (see Figure 4).  
Figure 4: Differential impact on knowledge acquisition in multimedia based conditions and guided learning settings (scores at T2 are corrected for differences at T1).

The results plainly show that despite the fact that no significant difference in knowledge acquisition could be observed at T1, students in the conventional classroom setting at T2 did benefit from the multimedia learning experiences to develop a better knowledge base. The post hoc analyses support a consistent pattern in the significant higher knowledge scores between studying in the conventional classroom setting and the multimedia setting. No significant differences between the multimedia research conditions could be observed. 
The significant differential impact of the research conditions on skills acquisition is especially obvious when comparing student performance in the conventional classroom condition with student skills mastery in the guided individual and the guided classroom setting. There is no significant difference with the performance resulting from studying in the unguided individual use condition.

Again - within the multimedia research conditions - the superiority of the guided conditions is evidenced with significantly higher skills mastery resulting from the guided  individual usage and guided classroom usage as compared to unguided individual use of the DVD.

 In short, the results give us sufficient information to accept both research hypotheses about the positive differential impact of multimedia learning materials and the added value of guided study of these materials.
The differential impact of the research conditions on cognitive load and self-efficacy

To test the differential impact of multimedia usage on the one hand and guidance on the other hand on the mediating variable – cognitive load and self-efficacy -  univariate analysis of covariance was applied with the research conditions as fixed factors, the cognitive load and self-efficacy test results as the dependent variables (T2). In the case of self-efficacy, the first SEFEG scores are used as a covariate variable in the analysis.

At T1 and at T2, studying in the different research conditions results in a significant difference in self-efficacy. This is especially clear at T1 (F(1,192)=19,65, p < .01, eta2=.10). Consistently, students studying in multimedia conditions report significantly higher levels of self-efficacy as compared to students in a conventional classroom setting.  Students, using the DVED in a guided classroom setting also report significantly higher self-efficacy levels.
At T2 the differences are still significant, but less prominent (F(1,180)=6,10, p < .01, eta2=.12). The results nevertheless show that students who studied multimedia materials during the first research phase, attain again a significantly higher self-efficacy level at T2. Studying the multi-media learning materials seems to have boosted the student self-efficacy. This is only significant when compared with students the multimedia learning materials in a guided individual way or in a guided classroom setting. At T2, there are no significant differences in self-efficacy between research conditions based on the multimedia learning materials.
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Figure 5: Differential impact on self-efficacy in multimedia based conditions and guided learning settings (scores at T2 are corrected for differences at T1).
In summary, the results confirm the differential impact of studying with multimedia learning materials and of guidance on self-efficacy as a mediating variable.

The results in relation to the mediating variable cognitive load, are less clear. Though, consistently, studying multimedia learning materials consistently results in lower level of cognitive load, the differences are not significant (F(1,181)=1,54, p = .205). 
Discussion

The results confirm the findings of earlier studies pointing at the significant positive impact of multimedia learning materials on learning performance (see e.g., Chandler 2004; Diwakar et al. 2003; Mayer & Moreno 2002, 2003) and the results of meta-analysis studies (e.g., Hattie, 2009, p.201) pointing at positive effect sizes of the implementation of interactive video (d = .52). Students using the DVD acquire significantly higher skills acquisition scores.  Especially the fact that learners could manipulate the multimedia features in the DVD is important. Bernardo stresses in this context 

students will remember more when using animated movies as compared to lessons enriched with images as illustrations (Bernardo 2003). The integration of such multimedia applications in the curriculum of veterinary students seem to improve medical knowledge about diagnosis and management in equine obstetrics as has been shown with a similar educational project in human medical education (Hamptom and Sung 2010).
But, the interesting finding is that the instructional context in which the DVD is being used can significantly be enhanced when building on the expertise of a specialist.  As been shown for simulation models (Issenberg et al. 2005) the findings that the added value of the comments of an experienced clinician is rewarding and appreciated by the student, is applicable as well for multimedia applications such as the FoalinMare DVD. In the end “good teachers are key to good education” technology is just a tool (Bernardo 2003). It reconfirms that teachers help to reach a bigger audience, accommodate different learning styles and offer an element of fun (Bernardo 2003). 

The added-value of the expert guidance can also be linked to the impact on self-efficacy. Students report a significantly higher level of self-efficacy  in the multimedia conditions. In addition, post hoc comparison indicates that the DVD condition in which students were guided by an expert also resulted in significant higher self-efficacy levels as compared to the unguided DVD usage.  In a comparable way, the guided use of the DVD also resulted in – yet not significant - lower levels of cognitive load. These results are in line with other studies that point at the guided usage of multimedia and the positive impact on self-efficacy (Yeh, Chen & Liu 2005). Crippen and Earl (2007) refer in this context to the guiding impact of worked examples and explanations. The combination of the multimedia applications together with the explanation by an experienced clinician (Group 6) leads to better understanding by the students. Learning and recall seems to be positively affected by visual material which is already shown by previous research (Corton et al. 2006; Hampton and Sung 2010). Moreover, it is easier to motivate students by providing ‘new’ objects especially when those are clinically relevant (Parkinson et al. 206).

The cross-over design helped to clarify the differential impact of the timing in using the DVD. The initial significant impact of the DVD based conditions, had a differential carry-over impact on the acquisition of declarative knowledge in the second phase of the study. The students – initially studying in an experimental condition - now attain the highest knowledge score in the subsequent control condition. This confirms the assumption that the DVD learning setting provided the students with a richer experiential knowledge base that helped them to a better extent to process the declarative knowledge during the second research phase. From an experiential learning cycle perspective, the DVD usage has invoked a sufficient experiential base to induce relevant reflective and abstract learning at a later stage (Kolb 1984; Specht en Sandlin 1991). In addition, it can be argued that the interactive manipulative experience with the DVD has helped to establish or develop cognitive schemas that give a sound experiential base to link conceptual knowledge in a subsequent phase. The critical importance of manipulative, also called enactive knowledge was already stressed by Bruner (1964). In addition, the animated DVD based learning experience clearly resembles the features of a rich sensory learning environment, that is stressed by proponents of anchored instruction and situated learning theorists (Bransford, Sherwood, Hasselbring, Kinzer & Williams 1990). 
The less conclusive impact of studying in the experimental on cognitive load measures can be explained by the rather short duration of the intervention. As suggested by Plass, Moreno and Brünken (2010), an explanation can also been found in the less sensitive instrument to measure cognitive load. But, - though not significant – cognitive load measures were the lowest in the multimedia study conditions.
Some limitations have to be stressed in relation to the present study. First, though veterinary students at Ghent University (Belgium) should be able to master the English language in a sufficient way, the fact that the multimedia applications were only available in English, might have slightly disadvantaged students compared to the guided group or the traditional classroom setting, where class was given in the native language. Second, the cognitive load measure was only measured at the start and at T2, thus making it not possible to study the cognitive load impact after the first part of the study. Third, the research design focused on between)-group differences and did not center on within group differences. This implies that the potential interaction effect of individual differences has been neglected. Differences in visual-spatial skills, prior knowledge, preferred learning mode, … have not been considered. Especially in the context of multimedia learning individual differences have been stressed (see Mayer 2001). Fifth, the impact on skills development has been – due to the measurement approach – been limited to the cognitive base of skills development. Lastly, the study was set up during a rather short period of time. Future studies should center on the long term impact of studying with multimedia and how mixed instructional settings result in a differential impact on knowledge and skills acquisition. 
Conclusions

Equine obstetrics presents an instructional challenge due to the complex nature of the knowledge domain. In the present study, a multimedia solution was – despite the limited teaching time – able to have a differential impact on knowledge and skills acquisition and self-efficacy. The most interesting finding of the present study is that the instructional implementation of the FoalinMare DVD clearly pointed at the superior impact of guided usage of rich multi-sensorial learning materials in complex learning domains.
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