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ABSTRACT
Computer-based virtual learning environments (CBVLEs) have attracted
attention as a learning innovation that can foster students’ self-efficacy
and intrinsic motivation. Research on the instructional design regarding
these aspects of learning in a virtual learning environment is rather
piecemeal. This study investigates the instructional design of a CBVLE for
mathematical medication learning by nursing students in vocational
education. The instructional design was based on a task-centered
approach, and students’ future learning tasks formed the backbone. We
examine the extent to which the CBVLE fostered the nursing students’
mathematical learning, self-efficacy, and intrinsic motivation, and the
ways in which the design components of the CBVLE met nursing
students’ satisfaction. In total, 118 nursing students were assigned to
four groups, with or without extra support from worked examples, and
were trained via the CBVLE on mathematical medication learning tasks
over four consecutive weeks. Students were pre- and post-tested on
their mathematical medication learning, self-efficacy, and intrinsic
motivation. Students also rated their satisfaction with the instructional
design. Our results showed that the CBVLE fostered nursing students’
mathematical medication learning, self-efficacy, and intrinsic motivation,
but no significant differences were found between the four conditions.
Overall, student satisfaction was above average. The design components
were able to predict nursing students’ mathematical medication
learning, self-efficacy, and intrinsic motivation.
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1. Introduction

This study focuses on the instructional design of a computer-based virtual learning environment
(CBVLE) for mathematical medication learning by nursing students in vocational education. The
mathematical medication process is complex, and requires conceptual understanding that includes
both a theoretical knowledge of medicines and a domain-specific mathematical knowledge of medi-
cation (Prins et al., 2019). Domain-specific mathematical knowledge also involves a knowledge of the
underlying unifying mathematical principles (Canobi, 2009). In current traditional educational pro-
grammes, mathematical medication learning is often taught in the form of fragmented mathematics
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lessons that are too different from the future professional competence of nursing students, and the
main emphasis is placed on passing the mathematics test rather than learning. It has been noted that
“when instructional programmes are assessed by traditional assessments they tend to get reduced
to a ‘teach for efficiency’ profile” (Bransford et al., 2005, p. 52).

An alternative that enables teachers to prepare nursing students for future employment and shift
assessments of students’ abilities in a knowledge-rich environment is to use a CBVLE (Bransford et al.,
2005). A CBVLE can be used to impart an in-depth knowledge of mathematics in relation to the medi-
cation skills of nursing students. CBVLEs offer educational opportunities, such as place- and time-
independent learning, that traditional on-site learning environments cannot offer (Van Merriënboer
& Kirschner, 2018; Zwart et al., 2020). CBVLEs are particularly interesting in terms of the teaching of
more concrete academic concepts (Buchanan, 2003), as they enable students to instantly experience
situations that are similar to real-life scenarios, such as nursing tasks involving the medication
process. CBVLEs can increase the diversity of learning experiences and provide flexible and meaning-
ful instruction by combining teaching of the mathematical medication process and domain-specific
mathematical knowledge without constraints on time and place (Zwart et al., 2020).

CBVLEs can enable self-directed learning by enhancing students’ self-efficacy and boosting their
intrinsic motivation (e.g. Huang et al., 2013; Xinhao & Fengfeng, 2016). Progress has been made in
terms of design principles that allow for more or less learning via CBVLEs (e.g. Makransky et al.,
2019), but research in this area is rather piecemeal (Boyle et al., 2016), and the ways in which these
design principles facilitate students’ learning, self-efficacy, and intrinsic motivation remain unclear.

In this study, we are interested in the extent to which these instructional design principles are
related to student satisfaction in terms of mathematical medication learning via the CBVLE. Further-
more, the aim is to investigate the extent to which such instructional design principles facilitate stu-
dents’ mathematical medication learning, self-efficacy, and intrinsic motivation for mathematical
medication learning via the CBVLE.

2. Theoretical background

2.1. Computer-based virtual learning environments

CBVLEs are digital environments based on desktop virtual reality (VR) that allow the users to dyna-
mically interact with learning materials via 3D images on a computer screen (Lee et al., 2010; Mer-
chant et al., 2012). CBVLEs can be defined as simulated learning environments containing various
problem-solving scenarios (Wang et al., 2018). Students use a keyboard or mouse to navigate
through the CBVLE. A CBVLE enables the user to specify both the relevant elements in a domain
and the relationships between these elements, and are designed with VR features. According to Mer-
chant et al. (2012), the two main VR features are “representational fidelity” and “learners’ inter-
action” (see Dalgarno & Lee, 2010). Since Merchant et al. (2012) used the same innovative 3D
technology in Second Life® as in this study, we apply the same definitions here. In their work,
they stated: “Representational fidelity refers to the realistic display of the virtual environment that
can be attained by physical characteristics of the environment. In the context of this study, these
are rich graphics such as hospital tents, doctors, and patients. Learners’ interaction is the ability
of users to influence the occurrences of events in the virtual environment by their actions” (Merchant
et al., 2012, p. 552). In the context of this study, the learners are students who log in into the Second
Life® platform as nursing avatars to help doctors and their patients with their medication issues.
These VR features offer opportunities to display interactive stories representing the students’
future professional tasks. The graphical design of the CBVLE allows for a realistic representation,
since a high degree of realism can cognitively engage students and motivate them to learn (Csiks-
zentmihalyi, 1990; Shute et al., 2009). Given that the students’ learning tasks correspond to those
that will be performed in future in the workplace, these tasks can serve as encouragement for learn-
ing (Merchant et al., 2014), and are therefore essential for instructional design via technology.
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Designing instruction for VR involves developing and adapting instructional strategies to new tech-
nology. In order to represent the tasks that students will undertake in their future employment, the
instructional design benefits from a task-focused approach.

2.2. Instructional design of the computer-based virtual learning environment

Van Merriënboer and Kirschner (2018) developed a task-centred design approach in which the
design of the instruction is based on real-life tasks. This task-centred design approach, described
as four-component instructional design for complex learning (4C/ID), takes advantage of a holistic
approach to design learning environments. The four basic components are (i) learning tasks, (ii) sup-
portive information, (iii) procedural information, and (iv) part-task practice. This overcomes the pro-
blems of compartmentalisation and fragmentation of traditional instructional design models, and
hence is a particularly interesting design model for teaching academic concepts via CBVLE. Each
of these four basic components are described in more detail below.

2.2.1. The learning tasks design component of a CBVLE
Learning tasks form the backbone of the CBVLE learning programme. “The learning task confronts
the learner with all or almost all of the constituent skills important for real-life task performance,
together with their associated knowledge and attitudes. The learning tasks are meaningful, auth-
entic, and representative for the tasks that a professional might encounter in the real world” (Van
Merriënboer & Kirschner, 2007, p. 7). Learning tasks encourage students to learn; when the
motive for learning arises from the activity itself, the activity of learning helps students to success-
fully complete learning tasks (Merchant et al., 2014; Pajares & Schunk, 2001). Practising many
different activities, such as domain-specific types of problems, permits students to grasp learning
procedures and make connections (Dunlosky et al., 2013; Rohrer et al., 2015). Although learning
via CBVLEs should be challenging, it is easy to place excessive demands on students with activities
that cause cognitive overload (Sweller, 2010), and this may result in negative emotions (Pekrun,
2006). One way to support students is to add supportive information into the CBVLE.

2.2.2. The supportive information design component of a CBVLE
According to Van Merriënboer and Kirschner (2018), supportive information explains to students
how a learning domain is organised and how to approach problems in that domain. Supportive
information is necessary for students to develop cognitive models and strategies for completing
learning tasks (Frerejean et al., 2019). For example, the future medication tasks of nursing students
involve a range of nursing activities such as verifying, preparing, checking, administering, registering,
monitoring, and evaluating medication. Calculations are necessary for almost all of these tasks. Seen
in terms of the instructional design model of Van Merriënboer and Kirschner (2018), the first two
components of 4C/ID, learning tasks and supportive information, can help students to build cogni-
tive schemas through the acquisition of new knowledge that contributes to their existing knowl-
edge. The other two components, procedural information and part-task practice, stimulate the
automation of schemas and the development of automatic, task-specific procedures that can be
applied without undue demand on cognitive processing resources (Frerejean et al., 2019, p. 516).

2.2.3. The procedural information design component of a CBVLE
Procedural information specifies how to perform recurrent aspects of the learning tasks (Van Mer-
riënboer & Kirschner, 2018), and involves corrective feedback and demonstrations of rules, pro-
cedures, and prerequisite knowledge. It should be displayed “just in time”. Instructional activities
that can show students how to apply procedures to specific problems in a CBVLE include worked
examples (Chen et al., 2016; Kirschner et al., 2018; Van Gog et al., 2011). While solving a problem
in the CBVLE, students can click and open a worked example that provides them with step-by-
step instruction. A CBVLE could also be pre-programmed with feedback on domain-specific
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knowledge. When students’ responses to the problems are incorrect, they receive corrective verifi-
cation feedback in the CBVLE (Maier et al., 2016). Moreover, detailed feedback on domain-specific
knowledge can draw students’ attention to the domain-specific knowledge needed to correctly
execute task-specific procedures. This feedback can support reflection and improvement, and is
crucial for learning and achievement (Yuang et al., 2020). When students cannot master certain
aspects of a learning task, part-task practice can be virtually embedded.

2.2.4. The part-task practice design component of a CBVLE
The use of part-task practice to train one or more selected recurrent aspects of learning tasks is an
instructional strategy for recurrent constituent skills that are critical to safety (Van Merriënboer &
Kirschner, 2018). Mathematical mistakes in the medication process can have serious consequences,
meaning that the inclusion of exercises in the CBVLE that develop an in-depth knowledge of the
underlying domain-specific mathematical knowledge is necessary if a high level of automation is
desired. Part-task practice can be treated as a feedback facilitator for students’ understanding and
performance (Yuang et al., 2020). In this way, students can make connections between the under-
lying knowledge and the problems to be solved (Tynjälä, 2013).

The monitoring of students’ learning processes also involves their reflections on learning.
Van Merriënboer and Kirschner (2018) place this under the category of cognitive feedback;
however, reflection on learning is not simply feedback on the quality of students’ learning. In the
context of this study, reflection on learning is implemented as a self-assessment exercise regarding
students’ mathematical medication learning results, in terms of their experience of the whole
learning task. We therefore describe this step separately as a design component of the CBVLE.

2.3. Cognitive feedback as a reflection on learning

Feedback is a process in which students interpret comments about the quality of their work as input
for the development of their future performance or learning strategies (Carless, 2019; Latifi et al.,
2021). Ideally, feedback contains both cognitive and affective features (Nelson & Schunn, 2009): cog-
nitive features influence performance and understanding, allowing students to know what to
improve, whereas affective features relate to the students’ agreement and disagreement with feed-
back. Feedback must enable students in the CBVLE to move from an initial state of mind to a desired
state of mind (Mor et al., 2015). Reflection on learning via the CBVLE stimulates students to identify
their strengths and weaknesses in terms of the actions taken for learning. This computer-based feed-
back on learning provides information drawn from the analysis of learning logs, and is based on each
student’s performance. Table 1 gives an overview of the implementation of the design components
of the instructional design of the CBVLE in this study.

Since the CBVLE is a structured system in which activities, exercises, and support form an integral
part of the virtual educational learning environment, it can increase nursing students’ intrinsic
motivation and enhance their self-efficacy (Merchant et al., 2014; Pekrun, 2006).

2.4. Self-efficacy and intrinsic motivation in a cvble

Self-efficacy refers to the student’s judgements of their own level of competence in dealing with
prospective situations (Bandura, 1982). Pajares and Schunk (2001) state that the successful com-
pletion of learning tasks contributes to students’ self-efficacy. Self-efficacy is also enhanced
when students value the task that they are undertaking (Schunk & DiBenedetto, 2016) and is posi-
tively associated with motivation, which in turn enhances the learning outcomes of students
(Schunk & DiBenedetto, 2016). When students are intrinsically motivated to learn, their satisfaction
is associated with the performance of learning tasks (Ryan & Deci, 2000). In fact, it has been shown
that the relevant outcomes are of less importance than the activities themselves (Pekrun & Ste-
phens, 2010). Interactions in CBVLEs can enable students’ self-directed learning and can stimulate
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their intrinsic motivation and contribute to their self-efficacy (e.g. Huang et al., 2013; Lee et al.,
2010; Xinhao & Fengfeng, 2016), but this depends on whether students are satisfied with the
instructional design of the CBVLE. Hence, with respect to the issues of mathematical medication
learning, self-efficacy, and intrinsic motivation, the research questions addressed in this study are
as follows:

1. What are the effects of the instructional design in a CBVLE in terms of facilitating nursing stu-
dents’ mathematical medication learning, self-efficacy, and intrinsic motivation for learning via
the CBVLE?

Table 1. Overview of the design components of the task-centered instructional design of the CBVLE.

Design component Design component specified in the CBVLE References
Learning tasks:
Meaningful, authentic and
representative tasks that a student
might encounter in future employment

In the CBVLE, learning tasks confront
nursing students with the steps of the
medication process and require
mathematical medication knowledge
and skills. The learning tasks reflect
students’ future real-life tasks and the
associated knowledge and attitudes,
such as communication, hygiene
measures, and correct administration of
medication. A variety of domain-specific
types of mathematical medication tasks
permit the nursing students to grasp the
learning procedures.

Dunlosky et al., 2013; Merchant et al.,
2014; Rohrer et al., 2015; Van
Merriënboer & Kirschner, 2018

Supportive information:
Information in the CBVLE that explains
how a learning domain is organised
and how to approach problems in that
domain

In the CBVLE, the relevant elements are
highlighted to steer nursing students
towards the goals of solving
mathematical medication problems.
Examples that illustrate task-specific
procedures, such as domain-specific
rules for underlying mathematical
knowledge, are also embedded.

Frerejean et al., 2019; Van Merriënboer
& Kirschner, 2018

Procedural information:
Information that specifies how to
perform the recurrent aspects of
learning tasks, displayed “just in time”

Worked examples providing step-by-step
instruction for mathematical medication
learning are embedded as conditions in
the CBVLE that students are assigned to.
Detailed corrective feedback is provided
for all students and is promptly displayed
when wrong answers are given.

Chen et al., 2016; Maier et al., 2016;
Tynjälä, 2013; Van Gog et al., 2011;
Van Merriënboer & Kirschner, 2018;
Yuang et al., 2020

Part-task practice:
Exercises on recurrent aspects of
learning tasks with the aim of
developing a high level of automaticity

Students are trained on patients’
mathematical medication problems in
response to orders by doctors.
Furthermore, sets of short exercises
involving the underlying mathematical
knowledge and skills are displayed,
which are necessary to develop the high
level of automaticity of mathematical
knowledge that students need to solve
the problems.

Tynjälä, 2013; Van Merriënboer &
Kirschner, 2018; Yuang et al., 2020

Cognitive feedback as reflection on
learning:
Stimulates students to identify
strengths and weaknesses related to
their learning

After a play round consisting of six
mathematical medication problem and
two sets of five short exercises, nursing
students navigate through the CBVLE
towards the doctor, who gives a
feedback message as a reflection on
learning. This message is related to the
points awarded to nursing students
during the play round for the right
actions and right solutions to the
mathematical medication problems.

Carless, 2019; Latifi et al., 2021; Mor
et al., 2015; Nelson & Schunn, 2009
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2. To what extent are nursing students satisfied with the instructional design, and how do the
design components account for nursing students’ mathematical medication learning, self-
efficacy, and intrinsic motivation for learning via the CBVLE?

3. Method

3.1. Context and participants

The study took place at five post-secondary vocational nursing schools (N = 44) and at seven uni-
versities of applied sciences (N = 74) in the Netherlands. The participants, who were compensated
with a €15 voucher for their contribution, were 118 students enrolled in these schools. The edu-
cational levels of the participants were different, but the mathematical medication training and its
content was the same in both educational programmes. The mean age of the participants was
19.6 (SD = 2.4), and 92% were female. Students worked on a bring your own device (BYOD)
basis in this study, except for two schools in which students used PCs, but they all worked
with the same platform (Second Life®) in the same virtual learning environment. Although stu-
dents had basic computer skills (Mpre = 3.7, SD = 0.7; Min = 1.0, Max = 5.0), working with a
CBVLE was new to them.

All students were provided with equivalent learning content in the CBVLE. Moreover, the
CBVLE was the same for all students, and provided a structured learning environment based
on the task-centred design approach with the five instructional design components (Table 1).
All students received their assignments via doctors, and all students received verification feed-
back and elaboration feedback on domain-specific knowledge that was pre-programmed in the
CBVLE. The students performed the tasks on their own. However, the support arrangements in
the CBVLE differed. Students were randomly assigned to one of four groups with different
support conditions: mathematical medication learning via the CBVLE without worked examples
(condition 1); mathematical medication learning via the CBVLE with worked examples involving
domain-specific knowledge (condition 2); mathematical medication learning via the
CBVLE with worked examples involving regular thinking strategies (condition 3); and mathemat-
ical medication learning via the CBVLE with a combination of both types of worked example
(condition 4).

3.2. Learning materials

The subject matter to be learned involved the concept of mathematical medication, which included
three mathematical domains: liquid medication, infusion of fluids, and solid medication. These
different mathematical domains involve different mathematical rules, and students need to
master these. The details of the learning tasks and the principles of the underlying design and math-
ematical content are summarised in Table 2.

About 30 scenarios were developed for each domain, at three levels (easy, difficult, and very
difficult), so that students could practice each type of problem at different levels and multiple
times in the CBVLE. Almost all the constituent skills that are important for the future performance
of nursing students in relation to mathematical medication tasks were included. In this way, the
skills important for real-life task performance could be trained, together with their associated knowl-
edge and attitudes (Van Merriënboer & Kirschner, 2018). Figure 1 illustrates the procedure of math-
ematical medication learning via the CBVLE. Figure 2 shows four screenshots of the CBVLE
environment.

INTERACTIVE LEARNING ENVIRONMENTS 7397



Table 2. Learning tasks involving domain-specific mathematical medication knowledge related to liquid medication, infusion of fluids and solid medication in a CBVLE.

Medication
domains

Domain-specific
knowledge

Domain-specific rules for feedback Underlying domain-specific principles for all
domains

Learning tasks Basic
computational
skills
(short
exercises)

Liquid medication
(incl. dilution)

Ratio of the
dissolved
substance and
diluent

Mass/volume
1% = 1gram dissolved substance/
100 ml
1‰ = 1gram dissolved substance/
1000 ml (1 L)
Volume/volume
1% = 1 ml
liquid/100ml
1‰ = 1 ml dissolved liquid/1000 ml
(1 L)

Quantities,
units,
conversions of ratios:
a. fractions
b. decimals
c. numbers
d. percentage
relations between
a, b, c, d,
division, multiplication, hours, minutes,
seconds, (time ratio), elements of the
prescription dispensed, extraction of
numerical information, applying
calculations correctly and accurately

P. suffers severe pain. He is prescribed
15 mg morphine every four hours.
Stocked: 1 ml morphine ampoules of
15 mg/ml. How many ml do you inject
every four hours? How many ml is this per
day?

16 × 8 =
12 × 9 =
¼ +¾ =¼ =
3/3 + 5/3 =
3/4 - 2/8 =
14/5–9/5 =
3/4 × 4/5 =
5/10 × 4/8 =
4/5: 2/5 =
3/5: 1/3 =
¼ = 0.25
1/20 = 0.05
5% of 1000 ml
4% of 250 ml
1 L =…ml
1 ml =… . cc

Infusion of fluids Drip rating 20 drips per ml
1. Calculate the total number of
drips
2. Calculate the drips per hour
3. Calculate the drips per minute

G. is administered a drip of 500 ml 0.9%
NaCl in three hours. How many drips are
administered to G. per minute?

Solid medication Dosage
calculation for
tablets

Counting, division, multiplication,
working with fractions, reference
measurements: 24 h in a day,
60 min in an hour, 50% = 1/2, 1/4 =
25%, et cetera.

F. suffers from cystitis. She receives
treatment with antibiotics for six days:
750 mg Amoxicillin every 12 h. Stocked:
Flemoxin with 375 mg Amoxicillin per
tablet. How many tablets should
F. swallow during treatment?
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3.3. Procedure

A pilot test was conducted with 11 students to determine the feasibility of the study with respect to
the introduction, learning tasks, materials, instruments, feedback, and platform. This pilot study
resulted in a slight modification to the introduction section to include an extra short meeting,
and a paper-based manual that was provided before and during the exercises. We also introduced
an instruction in the CBVLE, using photos with a description of the simulation script to guide stu-
dents in their initial activities in the hospital field.

The experimental session consisted of four main phases (see Table 3). During the introduction and
personal data phase (1), which took 70 min, students received introductory explanations about the
CBVLE training. Students were then assigned to avatars and logged into the CBVLE. These avatars
(students) were randomly allocated to one of the four groups.

Figure 1. Structure of mathematical medication learning in the CBVLE.

Figure 2. Screenshots of the CBVLE environment.
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Students carriedout onepractice round in the CBVLE, and itwasmade clear that theywere expected
to work individually during the game, without help from the researcher or their peers, while paying
attention to the information on the screen (30 min). Students were then asked to complete a question-
naire on their personal data, including their name, gender, age, and computer skills (10 min).

During the individual phase (2), students first received an introductory explanation of how to fill in
the questionnaire and a description of the domain-specific mathematical knowledge test (5 min).
Next, they were asked to fill in a questionnaire (20 min) on intrinsic motivation and self-efficacy,
and then to complete the domain-specific mathematical knowledge test (60 min).

From the secondweek onwards, the learning phase (3) took 90 min per week, over four consecutive
weeks for each student. In those weeks the students work individually in the CBVLE and performed
their own mathematical medication learning tasks during 90 min per week. Students completed the
domain-specific mathematical knowledge test (60 min) during the post-test phase (4) in the sixth
week andwere then given twoquestionnaires: the first measured self-efficacy and intrinsicmotivation,
and the second measured their satisfaction with the components of the instructional design of the
CBVLE (30 min). Finally, the participants received a short debriefing for about 10 min.

3.4. Measurements and instruments

3.4.1. Measurement of nursing students’ mathematical medication knowledge
Domain-specific mathematical medication knowledge was assessed via a test provided by Cito for
this research (the Dutch national organisation for test development; see Lampe et al., 2011). This
test was based on the domain-specific mathematical medication content and measured the
domain-specific mathematical medication knowledge of the nursing students. Cito offered two par-
allel versions, which were applied before and after intervention with the CBVLE. The original domain-
specific mathematical medication knowledge test consisted of 50 multiple choice questions, with 20
questions on domain-specific mathematical medication knowledge on the infusion of fluids, 19 on
liquid medication, and 11 on solid medication (tablets). An item response analysis showed that four
items in both versions had poor discriminatory power. These items were eliminated so that students
could obtain a maximum score of 46 for both tests. The reliability for the pre-test was good (Cron-
bach’s α = .80). The post-test reliability was also good (α = .83).

3.4.2. Measurement of nursing students’ self-efficacy and intrinsic motivation
Self-efficacy and intrinsic motivation were assessed using a questionnaire with 12 items on a five-
point Likert scale ranging from “fully disagree” to “fully agree”. The questionnaire was designed
by Oprins et al. (2015) and adjusted for this experiment. Seven items of this questionnaire asked stu-
dents to ascertain the extent to which they believed in successfully completing learning tasks (self-
efficacy); for example, they were asked to rate their own expertise in mathematical medication and

Table 3. Procedure used for the CBVLE study.

Procedure for mathematical medication training in the CBVLE Duration
Week 1: Introduction and personal data (total) 70 min

Introductory explanations of the procedure, materials, and the purpose of the research study 30 min
Students were given avatars, logged in and played a round 30 min
Personal data questionnaire 10 min

Individual pre-test measurements (total) 85 min
Introductory remarks 5 min
Assessment of self-efficacy (se) and intrinsic motivation (im) (questionnaire) 20 min
Pre-test assessment of domain-specific mathematical knowledge 60 min

Weeks 2-5: Learning phase: CBVLE training (total) 90 min per week
Week 6: Post-tests and debriefing (total) 100 min

Post-test assessment of domain-specific mathematical knowledge 60 min
30 min
10 min

Assessment of se, im, and design components (questionnaires)
Debriefing
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to assess themselves against the other students. The reliability coefficients were high in both the pre-
assessment (α = .81) and in the post-assessment (α = .86). Five items of this questionnaire aimed to
ascertain students’ intrinsic motivation towards mathematical medication; for example, they were
asked to rate whether mathematical medication lessons held any excitement for them and their
level of pleasure during these lessons. The reliability coefficient was satisfactory at the pre-assess-
ment stage (α = .78) and high at the post-assessment stage (α = . 84).

3.4.3. Measurement of nursing students’ satisfaction with the instructional design
Using a modified questionnaire from Oprins et al. (2015), students were asked to score their satisfac-
tion with the components of the instructional design of the CBVLE after training. On a five-point
Likert scale ranging from “fully disagree” to “fully agree”, students rated their satisfaction with
the instructional design. These items could be related to the design components of the 4C/ID
model (Van Merriënboer & Kirschner, 2018); for example, students were asked whether they could
relate to a particular character, and whether what they learned could be transferred to different situ-
ations. The reliability coefficient of the questionnaire was high (Cronbach’s α = .79).

3.4.3.1. Ethics. Students freely participated in this study. After giving active informed consent and
receiving an introductory verbal explanation about the aims of the study, students could still decline
to take part. Students were assured that identifying information would not be accessible by anyone
except the researchers. Results were de-identified by numbering both the students and their tests,
and files were held in different places under different names. The Faculty Ethics Review Committee
(FETC) of the Faculty of Social Sciences of Utrecht University in the Netherlands reviewed and
approved this research study, under case number 19-230.

3.4.3.2. Data analysis. A total of 118 students participated in the study. Due to external circum-
stances (scheduling, internships, illness) and missing data, around 10% of the students dropped
out of the study. Our results were based on analyses of data on the 101 students who completed
all the sessions and tests. Repeated measure ANOVAs were applied in order to answer the first
research question regarding the individual acquisition of mathematical medication learning, the
self-efficacy and the intrinsic motivation of the nursing students in each of the four training
groups. Post-hoc tests were conducted to determine the significant differences between the four
training groups. For the second research question, the questionnaire items were tested with an
ANOVA to check whether there were differences between the satisfaction levels of nursing students
learning under the four different conditions. Multiple regression analyses were also applied to deter-
mine whether each combination of design components accounted for the mathematical medication
learning, self-efficacy, and intrinsic motivation of the nursing students.

4. Results

For the first research question, we found significant differences between the pre-test and post-test
stages in the mathematical medication learning of the nursing students, F(1,97) = 119.80, p < .001,
η2 = .55. We found no significant differences in mathematical medication learning between the
four different training conditions, F(3,97) = 1.36, p = .26.

The students’ outcomes in terms of self-efficacy showed significant differences between the pre-
test and post-test stages, F(1,88) = 17.64, p < .001, η2 = .17. The different training conditions in the
CBVLE did not give rise to any significant differences in the self-efficacy of the nursing students, F
(3,88) = 2.31, p = .08.

With respect to the students’ intrinsic motivation, significant differences were found between the
pre-test and post-test stages, F(1,85) = 33.69, p < .001, η2 = .28. No differences were observed
between the four training conditions in the CBVLE in terms of the intrinsic motivation outcomes,
F(3,85) = .25, p = .86. Table 4 shows the values for the mean and standard deviation for the
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mathematical medication learning, self-efficacy, and intrinsic motivation of nursing students under
the four training conditions.

For the second research question, we found that the satisfaction of the students with the com-
ponents of the design were above average (see Table 5 for mean scores per design component),
but no differences were found between the four training conditions, F(3,93) = 0.37, p = .08.

In combination, the students’ satisfaction with the components of the instructional design did sig-
nificantly account for their mathematical medication learning, R² = .21, F(5,87) = 4.48, p < .001. Signifi-
cant results were also obtained for satisfaction with the components of the instructional design and
self-efficacy, R² = .38, F(5,88) = 10.72,p < .001, and intrinsicmotivation, R² = .47, F(5,84) = 15.11,p < .001.

5. Conclusion and discussion

This study investigated the instructional design of a CBVLE for mathematical medication learning
by nursing students in (higher) vocational education. The outcomes of the study showed that
training via the CBVLE did enhance the mathematical medication learning, self-efficacy, and intrin-
sic motivation of these students; however, no differences were found between the results for the
students in the four groups. We also accounted for the students’ satisfaction with the instructional
design: they were satisfied with the separate design components to an above average level, but
no differences were found between the four groups. The nursing students were satisfied with the
instructional design of the CBVLE. We found that a small variance in the mathematical learning
results could be explained by the combination of the instructional components. The combination
of the instructional components explained a medium level of variance in self-efficacy and intrinsic
motivation for learning with the CBVLE. The structure of the learning environment in the CBVLE
outlined a mathematical medication task and students had access to a great deal of information
via verification feedback and elaborated feedback on domain-specific knowledge that was pre-
programmed for them in the CBVLE. The additional worked examples used in some groups
may have introduced redundancy; however, this did not negatively influence students’ satisfaction
with the instructional design components.

With regard to the design component of learning tasks, positive emotions were associated with
the nursing students’ future professional medication tasks, as they believed these to be important
and this influenced their learning behaviour (Csikszentmihalyi, 1990; Wigfield & Eccles, 2000).
Most of the nursing students (80%) confirmed that they were able to relate to the character of
the nurse avatar, and that the virtual learning environment was sufficiently realistic for their learning
goals. These results reflect Csikszentmihalyi’s (1990) “presence”, which was defined as a realistic and
attractive learning environment that engages students and motivates them to learn. It should be
noted that we chose not to make the environment realistic, and it simply represented a virtual
encampment. However, we analysed a real professional learning task, and used strategies to struc-
ture this learning task in the CBVLE. The efforts made by the students in terms of mathematical

Table 4. Summary of outcomes.

Condition 1 Condition 2 Condition 3 Condition 4

CBVLE with no
support

Domain-specific
support

Regular thinking
strategies Combination

M SD n M SD n M SD n M SD n

Test scores
Pre-test maths 23.41 7.00 27 24.45 7.88 33 20.33 6.71 27 21.26 5.08 31
Post-test maths 30.82 7.33 22 29.54 6.90 28 27.35 9.65 28 28.96 5.10 28
Pre-test self-efficacy 18.73 5.67 30 18.00 5.41 26 19.14 4.13 28 21.14 5.02 22
Post-test self-efficacy 20.07 5.45 28 20.21 4.62 24 21.88 4.53 26 22.18 4.37 22

Pre-test intrinsic motivation
15.58 3.26 31 16.31 3.62 26 16.50 3.12 28 16.83 3.32 24

Post-test intrinsic motivation 18.89 2.41 28 19.00 2.51 24 18.26 3.62 26 18.52 3.16 22
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medication learning might therefore have been driven by the relevance of these learning tasks. This
corresponds to the findings of Grigg et al. (2018), who state that students with higher interest in
learning tasks enjoy learning, which leads to better task performance.

In terms of the design component of supportive information, the learning domain was organised
in such a way that it enabled the students to understand how the mathematical medication domain
was organised and how they should complete the learning tasks (Frerejean et al., 2019; Van Merriën-
boer & Kirschner, 2018). Self-directed learning was therefore programmed by navigating students
towards activities involving the learning goals, and students were unable to control the virtual
environment. In contrast to the findings of Bandura (1993), who stated that students’ self-efficacy
was influenced by their ability to control the environment, our study showed that controlling the
environment seemed less important to nursing students, as they preferred to focus on the math-
ematical medication task. This was also illustrated by the students’ satisfaction with the design com-
ponent of supportive information, since 77% of the nursing students were satisfied to an above
average level with the choices made for this design component.

For the design component of procedural information, we included worked examples that enabled
nursing students to apply procedures to specific mathematical medication problems (Chen et al.,
2016; Kirschner et al., 2018; Van Gog et al., 2011). Although these worked examples were embedded
to support students, this did not lead to different outcomes from the four different learning conditions.
The demonstrations of rules and procedures in the worked examples, which were displayed “just in
time”, showed only one standard example per domain-specific mathematical medication problem.
This may have posed a challenge to students in terms of finding out how the rules and procedures
fitted their ownmathematical medication problems that they needed to solve. Theseworked examples
could therefore have caused cognitive overload (Kalyuga et al., 2001; Sweller, 2010), due to the presence
of other feedback elements in the CBVLE that already supported nursing students in solving the math-
ematical medication problems. For example, students received corrective feedback after providing
wrong answers, and also feedback on the rules of mathematical medication. An analysis by Merchant
et al. (2014) found that different learning tasks require different types of feedback: when learning
tasks are declarative in nature, elaborate explanations seem to be more effective as feedback, while
for procedural learning tasks, providing the correct response is sufficient for learning. This corroborates
the results of a study by Maier et al. (2016) on elaborated feedback, including explanatory information
and verification feedback, in response to students’ right or wrong answers to a question. Their findings
revealed that verification feedbackwasmore effective, and the authors concluded that the text used for
feedbackwas too longanddetailed. The feedback in this CBVLE studywasprovided inmanageableunits
(e.g. Shute et al., 2009), and the outcomes showed that this did enhance the nursing students’ feeling of
competency in relation to mathematical medication learning via the CBVLE. Providing students with
more cognitive approaches via the use of worked examples was therefore unnecessary.

The design component of part-task practice included short exercises on the underlying domain-
specific mathematical knowledge that were embedded in the CBVLE to stimulate higher automati-
city in terms of the schemas and procedures necessary to solve mathematical medication problems.
However, Dunlosky et al. (2013) and Makransky et al. (2019) state that these practices can also be
designated as a function of feedback. In addition, the exercises in this CBVLE study enabled the
nursing students to make connections between their prior mathematical knowledge and new knowl-
edge related to mathematical medication learning tasks (Tynjälä, 2013).

Table 5. Outcomes for nursing students’ satisfaction with the instructional design components.

N Min. Max. M SD

Learning tasks 102 2.00 5.00 3.65 .64
Supportive information 103 1.50 5.00 3.67 .66
Procedural information 104 1.00 5.00 3.41 .80
Part-task practice 104 1.00 5.00 3.56 .82
Cognitive feedback 102 1.33 5.00 3.13 .71
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The cognitive feedback component for reflection on learning, which was introduced after six prac-
tice problems on mathematical medication and 10 short exercises, was considered to be crucial for
learning and achievement (Yuang et al., 2020). It was intended to take the students from an initial
state of mind to a desired state of mind after training on mathematical medication learning via the
CBVLE (Mor et al., 2015). However, the nursing students were not satisfied with this component,
and only 47% of them were satisfied with this design principle. This was as expected, since the cog-
nitive feedback for reflection on learning in this study was based on a continuum of points for four
levels. Each level was between two extreme values, but the ratings did not always meet nursing stu-
dents’ expectations. To enable the nursing students to reach the desired level of skill after training on
mathematical medication learning via the CBVLE, this cognitive feedback should be customised more
specifically to the students’ own mathematical medication knowledge.

We structured the CBVLE environment using a task-centred design model, and feedback elements
were incorporated that could strengthen the nursing students’ learning (Nelson & Schunn, 2009;
Sadler, 2010). The CBVLE allowed nursing students to navigate their own self-directed learning,
and produced cognitive engagement (Csikszentmihalyi, 1990). The outcomes of this study not
only demonstrate that the mathematical medication learning of these students was enhanced;
they also confirm the results of other studies showing that virtual learning environments support
students’ self-efficacy and boost their intrinsic motivation (e.g. Huang et al., 2013; Lee et al., 2010;
Xinhao & Fengfeng, 2016).

This study was conducted in order to show that mathematical medication learning in secondary
and higher vocational nursing education can be carried out via a CBVLE with a task-centred design,
rather than with a focus on one particular domain of mathematics learning (Van Merriënboer &
Kirschner, 2018). In current vocational education programmes for nursing students, mathematics
is distinguished from future professional competences in the administration of medication. Further-
more, mathematical medication learning is broken into isolated parts, and little attention is paid to
structure of the domain (Zwart et al., 2017). It is therefore worth noting that in the Netherlands,
mathematics is assessed only once in the educational programme of nursing students, and that
they are then presumed to be familiar with the mathematical medication content. We designed a
CBVLE specifically so that nursing students could practice mathematics in a meaningful context in
relation to medication and could also maintain their knowledge and skills in this domain by periodic
training via the CBVLE. When nursing students practice their mathematical medication knowledge
and skills in this way, the emphasis may shift from the outcomes produced to training on the activi-
ties necessary for future mathematical medication tasks (Pekrun & Stephens, 2010).

Limitations

This study was a first attempt to concretise (i) the conceptual model of mathematical medication learn-
ingby classifying theobjects, events andactivities of themathematicalmedicationdomain; (ii) the struc-
turalmodel, inorder tooutlinehowtheobjects, events, andactivitiesare related to eachother inorder to
reach specific goals; and (iii) the causal model, in order to address the effects that objects, events and
activities have on each other (Van Merriënboer & Kirschner, 2007). Nevertheless, the results in this
study should be interpreted with some caution. The study was conducted in a context that was not
part of the standard curriculum, and the results may also have been affected by the reward received
by students. The sample of participants was also small, which might limit the generalisability of the
findings and the making of strong claims that are not based on coincidence. It is therefore rec-
ommended that this study should be replicated with more nursing students to confirm the results.

Suggestions for future research

Future research should be characterised by further development of the design of the CBVLE, and
especially by an investigation of how standardised pre-programmed feedback steers nursing
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students’ mathematical medication learning via the CBVLE. The domain-specific knowledge of
nursing students significantly improved over time, regardless of which of the four learning conditions
was used in the CBVLE. This may imply that extra support from worked examples with step-by-step
digital instruction involving domain-specific knowledge and regular thinking strategies in the CBVLE
did not have any added value, but it could have also been caused by the passive approach of students
towards dealing with worked examples (Kyun et al., 2013). Hence, to investigate the effectiveness of
support fromworked examples in the CBVLE, future research should incorporate quantitative scoring
rubrics to measure nursing students’ active use of the worked examples. The use of qualitative
methods to analyse nursing students’ satisfaction and ideas will also reveal more information that
can be used to tailor the feedback in the CBVLE to their needs. In this way, the design could shift
from an instructional design for learning to a learning design tailored to the feedback that nursing
students need in order to be prepared for future mathematical medication tasks.

This study represents a first step towards influencing the science of assessment of mathematical
medication learning in (higher) vocational education through providing feedback in a CBVLE. It aims
to contribute to a more dynamic understanding of the integration of assessment with technology
that captures activities as evidence of nursing students’ levels of mathematical medication learning
(Kim et al., 2016).
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