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Summary

In today’s complex world, the acquisition of research skills is considered an important goal in
(upper secondary) education. Consequently, there is a growing body of literature that
recognises the value of well-designed (online) learning environments for effectively
supporting the development of this complex set of skills. However, a clear consensus on how
these research skills can be facilitated is currently lacking. Furthermore, interventions aiming
to foster these skills are often implemented in specific domains, mostly in physics, biology
and chemistry. In addition, current approaches to facilitation often refer to only a few
epistemic activities related to research skills. Because of the broad and (mainly) domain-
specific character of research skills, the purpose of this paper is to articulate the instructional
design considerations for an online learning environment for upper secondary school
students’ (broad set of) research skills in a(n) (underrepresented) behavioural sciences
context.

Introduction

Defining research skills

In recent decades, the importance of the acquisition of research skills has been reflected in
numerous curriculum and policy documents (Departement onderwijs en vorming, 2017;
OECD, 2006; Opitz etal., 2017). These research skills should enable students to address
problems in research, professional practice, and daily life (Opitz et al., 2017). Because of its
broad (Fischer et al., 2014) character, it is necessary here to clarify exactly what is meant by
research skills in this paper. While a variety of conceptualizations have been suggested in
(recent) literature (Kestens, Elen, & Verburgh, 2016), such as scientific reasoning skills
(Engelmann et al., 2016; Fischer etal., 2014; Opitz et al., 2017); scientific literacy (Norris,
Phillips, & Burns, 2014) or research methods skills (Earley, 2014), in the present study the term
research skills is used, as it adequately reflects the target concept as a broad set of skills (not
merely referring to reasoning, literacy or research methods skills). Throughout this paper, the
term will be used to refer to the definition suggested by Fischer and colleagues (2014),
labelling research skills as a set of “skills and abilities to understand how scientific knowledge

174


https://doi.org/10.38069/edenconf-2019-ac-0020

The Instructional Design of an Online Learning Environment (RISSC) for Upper Secondary School
Students’ Research Skills
Louise Maddens et al.

is generated in different scientific disciplines, to evaluate the validity of science-related claims,
to assess the relevance of new scientific concepts, methods, and findings, and to generate new
knowledge using these concepts and methods” (Fischer etal., 2014; p.29). Fischer and
colleagues (2014) refer to this definition using the term scientific reasoning skills as a 21%
century skill. In short, research skills include the knowledge and skills involved in eight
scientific activities, namely: (a) problem identification, (b) questioning, (c) hypothesis
generation, (d) construction and redesign of artefacts, (e) evidence generation, (f) evidence
evaluation, (g) drawing conclusions and (h) communicating and scrutinizing (Fischer et al.,
2014).

Domain-specificity of research skills

Recent literature highlights the importance of domain-specific knowledge when it comes to
apply higher-order cognitive skills (such as skills for problem-solving, critical thinking and/or
research) (Kirschner, 2017). The (mainly) domain-specific character of research skills is also
underlined by Fischer and colleagues (2014) (see also Engelmann et al., 2018), arguing that
the relative weights of the eight activities involved in preparing, performing and evaluating
research will differ across disciplines. Fischer and colleagues (2014) argue that some aspects of
research skills may be similar across domains (such as the identification of dependent and
independent variables), but stress that many aspects of research skills are domain-specific
(such as, for example, evidence generation). Approaches to facilitation of research skills
typically focus on one specific domain (Engelmann etal., 2018; Fischer etal., 2014). In
addition, it is clear that a vast majority of studies on supporting research skills focuses on
specific natural sciences disciplines (OECD, 2006; Gess, Wessels, & Blomeke, 2017; Opitz
et al., 2017), while very little attention has been paid to behavioural sciences disciplines (Gess
etal, 2017). Furthermore, studies on the differences of research skills between disciplines
have been rare (Fischer et al., 2014).

Two main questions arising from the literature

In order to deepen our understanding of research skills, the current research project builds on
two existing categories of research questions. First, questions related to the assessment (and
assessment instruments) of research skills are central. Second, we take a closer look at
approaches aiming to answer questions related to the support of research skills in educational
contexts. Although the first type of questions is receiving considerable attention in this
research project (see, for example, Maddens, Depaepe, Janssen, Raes, & Elen, in press), this
paper focusses on the latter group of questions. In this paper, the instructional design
considerations for an online learning environment aiming to foster upper secondary school
students’ research skills (in a behavioural sciences context) are outlined. The online learning
environment is called RISSC (Research In Social SCiences).
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Designing the online learning environment

Preliminary remarks
Definition and relevance of instructional design

According to the definition of Elen and Clarebout (2006 p. 1), “instructional design aims at
contributing to the development of learning environments by describing the basic
components of a learning environment, their interrelations and their interaction with learner
characteristics”. The notion learning environment encompasses both the learning task (what
the learner needs to learn), as the support (elements integrated into the learning task in order
to foster learning) (Elen & Clarebout, 2006). It is argued by Elen and Clark (2006) that
various elements and interactions between these elements influence learning from
instruction.

As learners do not automatically engage in epistemic activities (Weinberger et al., 2005), there
seems to be an agreement on the importance of well-designed (online) learning environments
for effectively supporting the development of complex skills. It is argued that, if designed with
caution (Seel, 2006), and if adequately used by the learners (Elen & Clarebout, 2006), the
process of complex problem solving can be substantially supported by means of multimedia
programs (Elen & Clarebout, 2006; Engelmann et al., 2016; Seel, 2006).

(Online) learning environments

As stated by Merrill, “principles of instruction can be implemented in any delivery system or
using any instructional architecture” (Merrill, 2002; p.44). In addition, according to Clark
(1983; p.445), “there are no learning benefits to be gained from employing any specific
medium to deliver instruction”. As such, citing Cook and McDonald (2008; p.7), we believe
“the argument of superiority, inferiority, or equivalence is moot. It is a far better investment
of resources to investigate “what works?” in e-learning, rather than trying to justify its
existence”. Following this rationale, the technology versus non-technology question does not
seem to be the most important one to be raised. The question does remain how to design
(technology-enhanced) learning environments.

In what follows, first, the structure, the goal and the target group of the instructional design of
the RISSC-environment are outlined. Second, some important theoretical principles
underpinning the design decisions are described and illustrated. To conclude, some further
areas in research on research skills are suggested in the concluding section.

Structure, goal and target group of the RISCC learning environment

The goal of the online learning environment (further on referred to as RISSC) is to support
upper secondary school students’ research skills (as defined in the conceptualization section),
relying on theoretical instructional design principles (as defined in the following sections). In
doing so, we focus on the support and the design of learning tasks for students in a specific
behavioural sciences context, because (a) the reliance of research skills on domain-specific
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knowledge has been emphasized several times in research (Fischer et al., 2014; Engelmann
et al,, 2016; Kirschner, 2017; Opitz et al., 2017), and (b) a majority of (intervention) studies on
the support of research skills limits the focus to scientific disciplines almost exclusively
situated in the field of natural sciences. In Flanders, four different types of education are
offered from the second stage of secondary education onwards. In general, secondary
education (one of the four types), students can choose to enrol in a program called
behavioural sciences. As a result, research into supporting research skills in a behavioural
sciences context is particularly scarce. In RISSC, content is available related to each of the
eight epistemic activities (Fischer et al., 2014).

RISSC: theoretical considerations
Five principles

Merrill (2002) identified five first principles that can be found in instructional design models.
According to these five principles, learning is promoted (a) when learners are engaged in
solving real-world problems, (b) when existing knowledge is activated as a foundation for
new knowledge, (c) when new knowledge is demonstrated to the learner (ideally by means of
a demonstration of the whole task, rather than by means of a list of abstract objective
statements); (d) when new knowledge is applied by the learner, and (e) when new knowledge
is integrated into the learner’s world (Merrill, 2002; p.43). Although not all of the five
principles are addressed in an equally explicit way, all five principles are (in some way)
implemented in the 4C/ID model (van Merriénboer & Kirschner, 2018). The differences
between programs and principles are discussed in Merrill (2002). This model (and its relation
to the first principles) is described in the next section. In addition, the implementation of the
instructional design principles is illustrated by means of the RISSC-environment.

Four components

It is recommended not to base instructional design decisions on one instructional design
model, but rather to evaluate and to compile elements from a variety of models (Elen &
Clarebout, 2006). A model generally known because of its aim to integrate elements from
different models and theories, focusing in the first place on training domain-specific complex
skills, is the 4C/ID model (van Merriénboer & Kirschner, 2018). Roughly sketched, the 4C/ID
model is built upon four crucial components: learning tasks, supportive information, part-
task practice, and just-in-time information. Central assumptions related to these four
components are that (a) a high variability in authentic learning tasks is needed in order to
deal with the complexity of the task; (b) supportive information is provided to the students in
order to help them build mental models and strategies for solving the task under study (Cook
& McDonald, 2008); (c) just-in-time (procedural) information (related to steps, procedures,
facts, concepts and principles) is provided for recurrent skills, and (d) part-task practice is
provided for recurrent skills that need to be automated. The “Ten steps” - related to the
4C/ID model described by van Merriénboer and Kirschner (2018) - were used as a
prescriptive guideline in designing the online learning environment for the present study.
The sections below discuss how the four main steps (the design of learning tasks, the design
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of supportive information, the design of procedural information and the design of part-task
practice) are addressed in the RISSC.

1. Design learning tasks

A problem-centred approach (indicating that learning is promoted when learners are engaged
in solving real-world problems), the importance of student’s application of new knowledge,
and the integration of this new knowledge into the learner’s world by means of creation and
reflection tasks are prescribed in principle 1, 4 and 5 of Merrill’s (2002) first principles of
instruction. This whole-task approach is also key in the 4C/ID model, where the design of (a
variety of) simple-to-complex real-life based whole tasks, aiming at integrating knowledge,
skills and attitudes is the core design activity of the training blueprint (van Merriénboer &
Kirschner, 2018). As such, the identification of these real-life tasks for the domain under
study (research skills in behavioural sciences) appeared crucial in designing the RISSC. In
RISSC, cases, (modelling) examples and tasks were selected from research in the domains of
psychology, educational sciences and sociology. The complexity of the learning tasks
increases with each task class, and the support decreases within each task class (Merrill, 2002;
van Merriénboer & Kirschner, 2018). By means of emphasis manipulation (van Merriénboer
& Kirschner, 2018), different sets of constituent skills are stressed in different task classes,
without losing sight of the whole task. The first task class, for example, focusses on problem
identification, questioning and hypothesis generation, but the tasks are integrated in several
cases involving real (whole) research projects.

2. Design supportive information

Supportive information helps learners to carry out the non-recurrent aspects of the learning
tasks related to research skills (van Merriénboer & Kirschner, 2018). In the first principles,
Merrill (2002; p.47) states that “learning is promoted if the instruction provides a structure
that the learner can use to build the required organizational schema for the new knowledge”.
In the 4C/ID model, structural, conceptual and causal domain models are provided to the
learners in order to help them reasoning in the task domain. Concerning research skills, the
supportive information can differ for different epistemic activities (de Jong & van Joolingen,
1998; Fischer etal., 2014). For the epistemic activity evidence generation, for example,
experimentation hints (or SAPs (van Merriénboer & Kirschner, 2018)) and reflection
prompts can be provided, while in the epistemic activity drawing conclusions, visualizing tools
and knowledge integration environments (or conceptual domain models (van Merriénboer &
Kirschner, 2018)) might be helpful (deJong & van Joolingen, 1998). In RISCC, the
transferability of the effectivity of these support tools was always evaluated based on the
domain under study (behavioural sciences). Supportive information is provided in RISSC for
complex tasks such as formulating a research question, where students can consult general
information on characteristics of a good research question in behavioural sciences, can
consult examples or demonstrations (see principle 3, Merrill, 2002) of this general information
(for example a typical research question in behavioural sciences) and can receive cognitive
feedback on their own research questions (Merrill, 2002; van Merriénboer & Kirschner, 2018).
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In doing so, learners are for example asked to critically compare and contrast their own
research question with an example. The supportive information is offered by means of
multimedia such as pictures, texts, and information videos, and is directly accessible during
the whole learning task (deJong & vanJoolingen, 1998). An example of supportive
information can be found in Figure 1. When students click on the link “criteria for a good
research question”, they are guided towards an in instruction video (conceptual model).

Casus: journalisten crashen op werkethiek

in Gent de resultaten van hun onderzoek naar

fde team =l e=n kwantitatief or k dat meer dan tien procent van de beroep:

n in het ziskenhuis. Bovendien loopt meer dan twintig procent e

Opdracht

Welke onderzoeksvraag stond volgens jou centraal in dit onderzoek? Formuleer deze onderzoeksvraag aan de hand va

de criteria voor een goede onderzoeksuraag)

Bror: Barte, L. (2090}, mei 5. Jurnalisten crashen op werksthiek. De Standuard. Geraodpleend op 28/03/2016 via ity fwwa standaard beyert/r 2

Antwoord:

CONTROLEER

Figure 1. Example of supportive information for the non-recurrent skill “formulating a research
question” in RISSC

3. Design procedural information

Procedural information is necessary for carrying out recurrent aspects of learning tasks
(van Merriénboer & Kirschner, 2018). As such, in RISSC, procedural information is provided
for tasks such as the use of Boolean operators in a literature search, or the identification of
dependent and independent variables. This information is presented just-in-time: students
can consult information displays on a specific rule, procedure, fact, concept or principle (for
example on the effect of the word “AND” in a search query). An example of procedural
information (with procedural directions for formulating a search query) in RISSC can be
found in Figure 2.

Casus: Mindfulness is geen wondermiddel

etenschappers in het vakblad PlosOne. 7= bekeken 124 gepublicesrde studies, waarvan 83 procent een positief sffect van mind

Over mindfulness is 1,6 keer meer positief onderzosk gepublicesrd dan redelijk
n ngeld hebben?

jckljjker gepubliceerd in de vakbladen. Die artikels worden gelezen, gedesld en becommentarieerd, e

minder spannend.
Dus raken Kisine studies wel gepubliceerd n andere studies - zelfs groters of beter opgezetts - in de lads liggen. Niet sens omdat ze een negatisf effect vinden, vaak zelfs omdat ze geen sffect van betekenis vinden. ‘He
niet het wondermiddel dat wetenschap en media el aakt hebben’, zegr Raes

Opdracht:

AMND: jg zoskt naar pagina's waarin 2llz cpgegeven
OR: j=
NOT: je zoekt nzar pagina's waarin dit trefwoord niet voorkomt

Z0EeKT naar CB;'I’IB 5 waarin minstens &&n van de o pgegew n voorkomt

De onderzoskers zochten naar artikels via verschillende zoekmachines, en hanteerden hi

Mindfulness AND effect.

Beoordes! deze

Figure 2. Example of procedural information for the Boolean operators (rules)

4, Design part-task practice

Part-task practice involves practice items promoting rule automation for recurrent aspects of
the whole complex skill. Because an overreliance on part-task practice is not helpful for
complex learning (van Merriénboer & Kirschner, 2018), in RISSC, additional part-task
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practice is available for some (but not all) of these recurrent routine aspects of skills (for
example for the formulation of a search query or the identification of dependent and
independent variables). In addition, students receive corrective feedback, pointing the
students to an error, and giving a hint for applying the correct rule (van Merriénboer &
Kirschner, 2018). An example of part-task practice and related corrective feedback in RISSC
(for the recurrent aspect “formulating a search query”) can be found in Figure 3.

En nu gefenen!

groepsdruk bij jongeren. Welke zosktzrm gebruikt Gilles het best?

mogelijkheden:

Figure 3. Example of part-task practice for the recurrent aspect “formulating a search query”

Conclusion and further research

RISSC’s systematic design is based on the aforementioned insights from instructional theory,
with a main focus on the 4C/ID model (van Merriénboer & Kirschner, 2018) and the first
principles of instruction (Merrill, 2002), and is unique because of its domain-specific focus on
research in behavioural sciences, and its attention to eight distinct epistemic activities
(Fischer et al., 2014). Although the models mentioned offer very specific guidelines, it is up to
the designer to concretely operationalize these guidelines taking into account the domain
under study. As such, more research is needed (and planned) into the validation of these
instructional guidelines for the context of research skills in a behavioural sciences domain.

In a first planned study, the impact of two different approaches to present the learning goals
in the beginning of the RISSC-environment on students’ affective, behavioural and cognitive
outcomes is investigated. In the first approach (also called the topic-centred approach), an
abstract clarification of learning objectives is presented to the learners, while in the second
approach (also called the problem-centred approach), a concrete discussion of the learning
objectives is provided to the students with a concrete link to the application and integration
phase. More concrete, the second approach contains a specific explication of the particular
whole task the learners will perform following instruction. As such, the central question in
this study is to what extent a problem-centred online learning environment influences
students’ affective, behavioural and cognitive learner characteristics, compared to a topic-
centred online learning environment.
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