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Abstract

Orchestrating technology-enhanced learning is a difficult task, especially in demanding pedagogical approaches
like inquiry-based learning (IBL). To foster effective teacher adoption, both the complexity of designing IBL activities
and the uncertainty about the student learning path during enactment need to be addressed. Previous research
suggests that aligning learning design and learning analytics can be an effective way to provide such orchestration
support. This paper reports on a design-based research (DBR) project to explore teachers’ orchestration needs in
Go-Lab (a technological ecosystem for IBL used by thousands of primary and secondary school teachers around
the world), and on how solutions that align learning design and analytics can fulfill such needs. The analysis of data
from multiple events (including surveys, case studies, workshops with teachers, and platform usage analyses) led to
a catalogue of IBL orchestration needs that can be tackled by aligning learning design and analytics, as well as
a list of guidelines for technology development aiming to support IBL orchestration. These two contributions can
support the creation of future learning analytics—enhanced IBL environments that are both pedagogically grounded
and usable by teachers in authentic settings.

Notes for Practice

* Inquiry-based learning (IBL) has many documented benefits, but its demanding orchestration hinders
adoption by teachers.

» We identified teachers’ orchestration needs in an IBL platform and explored how to fulfill those needs with
solutions that align learning design and learning analytics.

» Researchers, designers, and developers of information and communications technology (ICT) for IBL
orchestration can benefit from the elicited IBL orchestration needs and design guidelines reported.
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1. Introduction

Inquiry-based learning (IBL) is an educational strategy in which students actively construct knowledge following the methods
and practices of scientists. This demands that students develop their questioning skills, make hypotheses, design experiments,
and reflect on the resulting observations. Although this pedagogical approach has many benefits (e.g., improved ability to apply
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scientific thinking, preparedness for graduate study, increased retention rates) (Seymour et al., 2004), the literature also shows
that IBL depends on the provision of adequate scaffolds (Alfieri et al., 2011; Furtak et al., 2012; Zacharia et al., 2015), making
it notoriously demanding for teachers (de Jong et al., 2013; Dobber et al., 2017; Kirschner et al., 2006). In IBL, teachers need
to strike a balance between letting students freely explore on the one hand and guiding them to avoid frustration, focusing
their attention on the target phenomenon, and making the inquiry feasible in the allotted time on the other. Teachers also need
to carefully choose motivating topics, narrow down and describe the scope of student inquiries, and guide the IBL process,
monitoring each individual’s learning path to intervene in case of need. Such overload makes the large-scale adoption of IBL a
challenging matter (Maaf} & Artigue, 2013).

There have been several attempts in the technology-enhanced learning (TEL) research community to support teachers in
the orchestration of IBL, i.e., the productive coordination of multiple learning activities occurring at different social levels,
across contexts and media (Dillenbourg & Jermann, 2010; Prieto et al., 2011). To address the complexity of designing effective
inquiries, the field of learning design has provided guidelines and best practices to help teachers structure the sequence of
inquiry tasks, resources, and scaffolds for students throughout the IBL process (Sharples & Anastopoulou, 2012). Also, the
field of learning analytics has proposed solutions that collect, analyze, and report data about learners and their contexts to
support IBL orchestration, e.g., by enabling awareness and reflection on students’ activities and progress (Manske et al., 2014;
Vozniuk et al., 2015).

Despite these efforts, the design of IBL tools suitable for teachers’ everyday practice remains a “grand challenge” in
TEL (Pedaste, Lazonder, et al., 2015). Orchestration research posits that, to favour adoption, technologies and instructional
designs need to take into account the pragmatic constraints and needs of actual classrooms (Dillenbourg & Jermann, 2010),
and considers that their support needs to be aligned, not looked at in isolation (Prieto et al., 2011). Similar calls for alignment
have been made by researchers in both the learning design and learning analytics fields to provide more meaningful and
contextualized analytics, as well as informed and assessed learning designs (Lockyer et al., 2013). Examples of such “alignment
of design and analytics” (ADA from now on) have been proposed in IBL itself (Guéraud et al., 2009; Sergis et al., 2019). Yet,
due to the scarcity of (explicit, formal) learning designs that fit everyday educational practice, the implementation of these
ADA approaches remains largely theoretical or small scale.

In this paper, we explore such ADA support and how it can help teachers orchestrate (technology-enhanced) IBL!.
Concretely, our research questions are as follows: (RQa) “What are the IBL orchestration needs of teachers?” and (RQb) “To
what extent do ADA solutions fulfill those needs?” We tackled these questions in a four-year, iterative design-based research
(DBR) process (Wang & Hannafin, 2005) in the context of Go-Lab (a TEL initiative to promote and support IBL in primary
and secondary education). The three DBR iterations presented in this paper span one survey study, eight case studies of
IBL implementation in authentic classrooms, four teacher workshops, and an analysis of the usage of the Go-Lab authoring
platform. All in all, 95 different STEM teachers were actively involved. In these studies, multiple data-gathering techniques
(questionnaires, interviews, observations, focus groups, log data gathering) and mixed methods of analysis were used.

2. Related Work

2.1 Orchestrating IBL

The lack of adoption of IBL in our classrooms can be related to personal beliefs and predispositions (Silm et al., 2017;
Voet & De Wever, 2019) or external factors (e.g., dissemination of IBL initiatives, professional development, or resource
availability) (Dorier & Garcia, 2013; Hofer & Lembens, 2019; Maal} & Artigue, 2013). It can also be due to the considerable
effort and changes in teaching practices required to effectively guide IBL (Harris & Rooks, 2010). In this paper, we focus
specifically on how technology can support teachers in the design and enactment of inquiry activities in authentic classroom
conditions—what Dillenbourg & Jermann (2010) would call the “orchestration” of IBL.

In their literature review, Prieto and colleagues (2011) proposed a conceptual framework that decomposes the orchestration
of TEL into several aspects that need to be supported by technology: the design of learning activities, as well as their enactment
(i.e., the regulation and management of activities; their awareness, assessment, and reflection; and their adaptation under
unexpected occurrences). This framework also includes other factors, like the role of the teacher and other actors in the
orchestration, their theories and beliefs, the pragmatic constraints of the setting, and the alignment of all these elements to
produce an effective learning experience. Hence, to develop IBL technologies that are easily adoptable, we need to understand
the main challenges that teachers face to effectively orchestrate IBL (so that technology can address those needs).

Among the aforementioned orchestration support aspects, the most commonly addressed in the IBL literature is the design
of inquiries. This includes the ability to author scripts of IBL activities (Lejeune et al., 2009; Mulholland et al., 2012; Slotta
et al., 2013) and the modification of pre-made scripts to address the level and skills of students (Friesel et al., 2015; Gillet

'In the remainder of the paper, we will focus on technology-enhanced IBL, but we will refer to it simply as “IBL.” for brevity and readability.
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et al., 2013). Another commonly supported IBL orchestration need is awareness, which enables teachers to monitor students’
progress (Mulholland et al., 2012; Slotta et al., 2013) and provide them with feedback (Jona & Uttal, 2013). Examples can also
be found of support for run-time management of the learning activities (Lejeune et al., 2009; Slotta et al., 2013) or the dynamic
adaptation of planned scripts (Mulholland et al., 2012).

More specific to IBL proposals and pedagogy is the emphasis on subverting the traditional role of the teacher as the main
orchestrator of activities, instead enabling “personal inquiries” (Mulholland et al., 2012) or off-loading orchestration tasks from
the teacher to allow student self-orchestration (Blake et al., 2013; Dobber et al., 2017; Sharples, 2013). Other IBL-specific
needs include the pragmatic adaptation of the inquiry design to the contextual constraints of the classroom (Friesel et al., 2015),
e.g., enabling offline usage in inquiries that take students far from reliable network infrastructures (Mulholland et al., 2012).
Many IBL proposals also provide coarse-grained support for the enactment of the inquiry itself, in the form of spaces for
different phases of the inquiry cycle (Gillet et al., 2013; Mulholland et al., 2012).

2.2 Aligning (Learning) Design and Analytics

The orchestration aspect that has received the least attention so far within IBL research is the alignment of the different
supports that teachers are offered. For instance, a technology may provide conceptual support on how to design effective
inquiries (Hsu et al., 2015; Pedaste, Mieots, et al., 2015), while learning analytics can help monitor learner progress (e.g.,
through widgets (Manske et al., 2014)). However, those aids are usually provided independent of each other. Teachers and
learners are left to bridge the gap between their particular inquiry design and the data provided by the analytics solutions, thus
limiting their interpretability and actionability due to a lack of context (Reimann, 2016). Besides, practitioners cannot easily
monitor or assess the effectiveness of IBL designs, since learning analytics solutions normally do not analyze the data from a
learning design perspective (Sergis et al., 2019).

Researchers have advocated for the alignment between learning design and analytics (ADA) in TEL (Bakharia et al., 2016;
Lockyer et al., 2013). This alignment may bring benefits such as the use of learning designs to better understand and interpret
analytics in its pedagogical context (Lockyer & Dawson, 2011; Shen et al., 2020) (e.g., using student information set at design
time). Conversely, learning analytics could help improve a pedagogical design (Emin-Martinez et al., 2014; Hernandez-Leo
et al., 2018; Mangaroska & Giannakos, 2018), e.g., through detecting deviations from the original plan or identifying aspects
that may require revision based on metrics obtained while enacting the design (Emin-Martinez et al., 2014; Lockyer et al.,
2013).

Examples exist of ADA implementations in authentic classroom settings at different granularity levels. At the activity
level, teachers can be informed about students reaching the goals of a simulation-based learning activity, as well as errors
detected (Guéraud et al., 2009). At the lesson level, deviations between expected and actual student interactions have been
reported during a collaborative lesson (Rodriguez-Triana et al., 2015). At the course level, analytics can relate types of learning
activities in a course design to learners’ behaviour and performance (Rienties et al., 2015). At the curriculum level, analytics
can help compare course specifications and actual student performance (Gluga et al., 2013). Yet, at the granularity levels that
orchestration research considers (activity/lesson), ADA proposals remain largely theoretical and/or small scale (Mangaroska &
Giannakos, 2018). Indeed, there are still few examples of ADA implementations in IBL (Wiley et al., 2020). This may be
related to the lack of explicit, machine-readable learning designs in authentic educational practice. Thus, to align learning
design and analytics in inquiry settings, we need TEL solutions that support teachers across all orchestration activities, from
design creation to deployment and enactment with students, along with collection of traces during this enactment (Sergis et al.,
2019).

This overview of TEL and IBL research highlights the importance of supporting teachers in different IBL orchestration
tasks (as per Prieto and colleagues’, 2011, orchestration framework), as well as the fact that solutions aligning learning design
and analytics can be appropriate to provide such support in a coherent, pedagogically grounded manner. This was the starting
point for our DBR into whether and how ADA solutions can effectively support teachers’ IBL orchestration needs. This DBR is
described in the following sections.

3. Context and Methodology

This paper describes a four-year research effort guided by two questions: “What are the orchestration needs of teachers
implementing IBL in their classrooms?” (RQa) and “To what extent do ADA solutions fulfill such orchestration needs?”
(RQDb). These questions were explored in the context of a particular initiative to support IBL in primary and secondary schools
(Go-Lab), although we hope its implications and lessons learned are relevant for researchers and technology designers aiming
to support IBL using other platforms.
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3.1 Research Context: Go-Lab

The Go-Lab? initiative provides an ecosystem of tools that supports IBL and several related orchestration tasks, including
co-design and enactment support via inquiry learning spaces (ILSs) (de Jong et al., 2021). ILSs are by default structured
according to the different phases of an inquiry process (orientation, conceptualization, investigation, conclusion, and discussion;
see Pedaste, Mieots, et al., 2015). Teachers can later modify this structure depending on their learning goals (see the left
side of Figure 1). Each of these phases provides students with background information and tasks to perform (e.g., proposing
hypotheses, collecting observations of a phenomenon, interacting with a simulation). Teachers can enrich these phases with
additional resources, such as multimedia content, scaffolding apps (e.g., supporting hypothesis formulation), and labs. In an
ILS (representing an inquiry), learners can thus navigate through different inquiry phases, performing associated tasks and
interacting with various multimedia resources to accomplish them.

To help teachers in ILS design, Go-Lab provides a repository® where teachers can find and reuse online labs, applications
(or apps), and existing ILSs. Go-Lab also offers Graasp*, the ILS orchestration platform where teachers can (co)create ILSs
(from scratch or by adapting existing ones), share them with students, and follow students’ progress.

By 2018, more than 27,000 primary and secondary school teachers worldwide had signed up in Graasp, out of which around
16,000 actively (co)created ILSs during 2015-2018 (the four-year period reported in this paper). In the research below, this
large community of practitioners helped us understand the orchestration needs when implementing IBL in their classrooms
(RQa), and to what extent ADA solutions could fulfill such orchestration needs (RQb).

3.2 Methodology
To explore the aforementioned research questions, we followed DBR (Wang & Hannafin, 2005), a research methodology often
used to study educational environments through iterative cycles of design, implementation, and analysis. Following DBR
guidelines (Barab & Squire, 2004; Wang & Hannafin, 2005), this research is based on collaboration between researchers and
practitioners in real-world settings, which led us to the contextually sensitive (in the sense of “fit for the studied contexts™)
findings and design guidelines presented in Section 7. Since DBR may not be replicated and generalized in the classical sense,
we adopted the following measures to provide research outcomes that can eventually be adapted to different contexts. First, we
provide a detailed description of the design and the context where each study took place to help readers understand the extent to
which our results and guidelines could apply to their own contexts. Second, instead of paying attention to context-specific
problems, we attempt to address systemic issues that arise in many real-world settings (i.e., persistent problems of practice
around IBL orchestration). And third, to conduct research in a real-world setting that could be representative of many others,
we chose a technological ecosystem for IBL used by thousands of primary and secondary school teachers around the world.
Also, our studies involved teachers with different levels of expertise, from different STEM subjects and countries. Moreover,
this research employs mixed methods, typically used in DBR to enable the exploration of the different perspectives and multiple
factors that affect learning situations.

Our DBR comprised three iterations combining explorative purposes (to identify teachers’ orchestration needs in IBL, RQa)
and evaluative ones (to assess different ADA solutions that try to address such needs, RQb). Each iteration was composed of
several data-gathering events (Figure 2):

1. The first iteration was purely exploratory. We conducted a survey study with 21 teachers (experts in IBL and Go-Lab) to
better understand their learning contexts and identify perceived information needs when orchestrating ILSs (Event_I).

2. Based on the needs elicited in the first iteration, a second iteration aimed at (a) uncovering further teacher needs emerging
while actually orchestrating IBL (using Go-Lab’s technologies) in their classrooms, (b) prioritizing the list of needs, and
(c) evaluating the suitability of initial ADA solutions for such needs (see the tools evaluated in Events 2 to 4 in Table 2).
This iteration involved eight in-depth case studies of IBL enactments in real classrooms, with three different teachers
(Event_2) and two face-to-face workshops, one with 28 expert Go-Lab teachers (Event_3) and another with 6 pre-service
teachers (Event_4).

3. In the third iteration, we refined the initial ADA solutions and assessed to what extent the solutions (see the tools
evaluated in Events 5 to 7 in Table 2) fulfilled the orchestration needs elicited originally. We also identified emergent
challenges for IBL adoption. In this iteration, two workshops took place (Event_S and Event_6), with 34 and 22 teachers
(experts in Go-Lab and IBL/ Go-Lab, respectively). Additionally, we analyzed the actual adoption of the ADA solutions
among the 15,894 teachers who created ILSs during this four-year period (Event_7).

2Go-Lab: https://www.golabz.eu
3Go-Lab repository: https://www.golabz.cu
4Go-Lab orchestration platform: https://graasp.eu
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Figure 1. ILS example. Left side: tabs named after inquiry phases (orientation, conceptualization, investigation, conclusion,
and discussion), plus an additional teacher-created phase with a quiz. Right side: contents of two of the phases: a scaffolding
app (Hypothesis Scratchpad, top) and a virtual laboratory (Amrita University’s photosynthesis lab, bottom).

As a result of these iterations, we obtained a final list of teacher orchestration needs and a set of guidelines for the design of
ADA solutions for IBL (see the “Discussion” section at the end of this paper). Figure 5 summarizes the main outcomes and
decisions made per iteration. In all the aforementioned events, explicit informed consent was obtained from participants after
details of the research project were described by the researchers. Additionally, the data analyses of Event_7 are compliant with
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Figure 2. Overview of data-gathering events and their goals, in our DBR iterations.

Graasp’s user agreement on data management.

In order to guide our mixed-methods analysis of these events and to gain a holistic understanding of the orchestration of
IBL in the different settings studied, we used the orchestration aspects of the conceptual framework proposed by Prieto and
colleagues (2011). Following the example and recommendations of other researchers who have applied this framework (Prieto,
2015), we have clustered these aspects into three different areas (see the clouds in Figure 3): looking at the different activities that
(IBL) orchestration entails, at the actors that perform these activities, and at the background that shapes the way orchestration
is performed. In terms of activities, we will focus on the needs and ADA support for the design and enactment activities.
Regarding the background, this study deals with pragmatic and theoretical constraints derived from the pedagogical approach
(i.e., specific to IBL). Finally, given that in all our data-gathering events the teacher was the main driver of the inquiries,
we chose not to analyze this aspect specifically (i.e., it was an invariant in our studies). The same applies to the alignment
aspect, which is implicit in the ADA solutions developed throughout the studies. Since each event followed slightly different
approaches, the analyses performed have been described per event in the following sections.

4. DBR lteration 1

The first iteration mainly focused on identifying the orchestration needs of teachers implementing IBL in their classrooms
(RQa) (see Figure 5). Although the literature reviewed above provided initial ideas of teachers’ orchestration needs (as reported
by researchers), we aimed to better understand teachers’ own perceived information needs, specifically regarding Go-Lab’s ILS
support to IBL orchestration. In this and following sections, results are presented per event, followed by overall conclusions per
iteration.
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Figure 3. Overall analytical framework of our DBR: research questions and orchestration aspects explored.

4.1 Event_1 (Online Survey)

We conducted an online survey’ from January to March 2015, aimed at expert teachers. The survey was sent to a group of 21
teachers recruited by the project’s national coordinators in nine countries, who looked for teachers with previous experience
in Go-Lab motivated to enroll in participatory design activities. The survey aims were (a) to better understand the pragmatic
constraints of teachers’ classrooms and (b) to identify information needs they had when orchestrating IBL in such contexts
(crucial for solutions that align learning design and analytics). Content analysis was applied to the open-ended questions to
extract and group teacher needs. We used descriptive statistics to overview teacher needs and constraints.

Regarding teachers’ contextual constraints, we posed questions related to three aspects that may add complexity to the
orchestration load: the number of students, the delivery mode (inside/outside the classroom), and the social level (e.g.,
individually, in small groups, etc.) at which the inquiries were conducted in their classroom. Since IBL requires teachers to
follow each individual learning path (Dobber et al., 2017; Kirschner et al., 2006; Zacharia et al., 2015), the greater the number
of students, the more learning paths have to be followed simultaneously. The physical space where the learning takes place
(inside/outside the classroom) also conditions teachers’ visual awareness about the learning process (Rodriguez-Triana et al.,
2017). Finally, collaborative activities, while highly beneficial, especially for IBL (Pedaste, Mieots, et al., 2015), may be highly
demanding in terms of teacher orchestration (Alavi & Dillenbourg, 2012; Holstein et al., 2019). The number of students per
classroom varied from 12 to 30. As we can see in Figure 4, teachers used their ILSs totally (47.62%) or mainly (42.86%) within
the classroom (instead of as homework), with students working either individually or in small groups of two or three students.

In the survey, teachers were asked what information could help them orchestrate ILSs (essential for implementing ADA
solutions) through an open question. We classified teachers’ expressed needs into 19 clusters (see Table 1, first column) related
to the four aspects of our analysis (pragmatic constraints, IBL-related, design-related, and enactment-related). As shown in the
column on orchestration aspects, teachers barely reported needs related to IBL specifically, or about their pragmatic constraints,
and only two needs related to the design process. The main a priori teacher concerns referred to the enactment (regulation
and management, awareness and assessment, adaptation and intervention), with special emphasis on accessing the artifacts
generated by students during the inquiry. From a learning design granularity perspective, we can organize these needs into three
levels: (a) related to specific resources or tasks included within a phase, (b) focused on the phases of the inquiries’ design, and

SEvent_l survey: https://goo.gl/KwqVqd
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Figure 4. Pragmatic constraints voiced by teachers in the online survey (Event_1).

(c) affecting the whole IBL process.

Table 1. Teacher orchestration needs elicited from a survey (Event_1), later ranked and grouped by importance during a teacher
workshop (Event_3). The last column indicates the average and deviation of teachers stating that the orchestration need was
satisfied (—1 = no, 0 = partially, 1 = yes) with the first ADA prototypes developed for the second DBR iteration.

Event_1 (Survey, n = 21) Event_3 (Workshop, n = 28)
Teacher Information Needs Tel:c(;er Orclzestration Designb Imp 01:tance Ranl{ ing Satijr?)etgtzgeiimt
Mentions spect Granularity (%) (%) —1,1] (& sd)
Students’ questions/comments 2 Enactment Task/resource High 1 0.42, 0.49
Specifications and tips from other teachers 1 IBL, design Inquiry High 2 0.33,0.52
Used resources, apps, labs 1 Enactment Task/resource High 2 0.79, 0.27
Learning artifacts created by students 12 Enactment Inquiry High 3 0.33,0.52
Self-evaluation 2 Enactment Inquiry High 4 0.67,0.41
Expert feedback on the ILS design 1 IBL, design Inquiry Medium 5 0.17,0.41
Peer evaluation 1 Enactment Inquiry Medium 6 0.08, 0.20
Stuck students 2 Enactment Inquiry Medium 7 0.17,0.41
Followed path 3 Enactment Inquiry Medium 8 0.67,0.52
Students who required hints 1 Enactment Task/resource Medium 9 0.25,0.42
Statistics per session 1 Enactment Inquiry Medium 10 0.83,0.41
Intermediate learning artifacts 2 Enactment Inquiry Medium 11 0.17,0.41
Current phase per student/students per phase 2 Enactment Phase Medium 12 0.67,0.52
Evidence of face-to-face interaction 1 Pragmatic Task/resource Medium 13 0.00, 0.00
Current actions 1 Enactment Task/resource Medium 14 0.67, 0.52
Automatic evaluation 5 Enactment Inquiry Medium 15 0.17,0.26
Time spent (per phase, app, ILS) 4 Enactment Iggijz;gﬂf;:’ Medium 15 1.00, 0.00
Current state 1 Enactment Inquiry Low 16 1.00, 0.00
Visited phases - Enactment Phase Low 17 0.83,0.41

4.2 lteration 1 Summary

The main outcomes and next steps of each iteration are represented in Figure 5. In the case of Iteration 1, outcomes were related
to eliciting IBL orchestration needs (RQa) according to expert teachers. Still, to better understand how pragmatic constraints
(such as the contextual constraints and teachers’ classroom management style) influenced these voiced needs, in-depth case
studies of IBL enactments in authentic settings were planned for the second iteration. Since the frequency of mentions of a
need may not indicate its importance, we would involve teachers actively in the prioritization of needs in a later workshop. In
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addition, the next iteration would also pay attention to the additional requirements of teachers not familiar with IBL/Go-Lab,
in order to facilitate their adoption. Furthermore, to explore to what extent ADA solutions could fulfill those needs (RQb),
Go-Lab started building a set of ADA solution prototypes to be integrated in the ILSs. These solutions (described in the next
section) aimed mainly at teacher enactment activities (especially targeting awareness, assessment, and reflection), which were
most frequently mentioned in Iteration 1.

Next steps
H e [RQb] Implement ADA prototypes for
Ite ratlon 1 most-cited needs (enactment)
e [RQb] Test solutions in actual classrooms
Outcomes e [RQa] Check orchestration needs priorities

e [RQa] Initial list of IBL e [RQa] Explore needs of non-expert teachers
orchestration needs

Iteration 2
Outcomes
* [RQa] Increased importance of design-oriented
needs/solutions
e [RQa] Influence of physical environment and
teaching style
. e [RQa] (Unexpected) Blended learning support
Iteration 3 e [RQb] Third-party tools: good for design, tricky
for analytics

Next steps
e [RQb] Refine ADA prototypes
* [RQb] Evaluate ADA solutions vs.
orchestration needs
e [RQa] Elicit remaining/emergent IBL
orchestration needs

Outcomes
e [RQa] Prioritized list of IBL
orchestration needs
¢ [RQb] Guidelines for ADA
solutions to support IBL
orchestration

Figure 5. Graphical summary of the main outcomes and next steps prompted by the iterations of our DBR, and their relation to
the research questions.

5. DBR Ilteration 2

This iteration had both an exploratory purpose (to further elicit and prioritize teachers’ orchestration needs, RQa) and an
evaluative one (assessing a first set of ADA prototypes, RQb). Since teacher expertise might influence their needs, we gathered
data from both novice (in fact, pre-service) teachers and practitioners familiar with IBL and Go-Lab.

Based on the first iteration results, a number of ADA solutions were progressively proposed, implemented, and evaluated
in Go-Lab (see Table 2 and Figures 6, 8, and 9). We initially focused on enactment-oriented solutions (because those were
the most commonly voiced needs) and later on developed design-oriented solutions. Further details about these apps are
available in Manske & Cao (2015) and Rodriguez-Triana & Holzer (2016), and currently existing ADA solutions can be
found in the Go-Lab repository®. It is worth noting that certain orchestration needs mentioned by teachers were not addressed
exclusively with ADA solutions (see last row in Table 2): additional functionalities were developed to enable access to student
artifacts (during and after the activities), collaboration and discussions with other teachers and experts while designing an ILS,
synchronous online communication with students, self-evaluation, and peer review, as well as to visualize ILS activity logs.
However, the need for evidence of face-to-face interactions or student hint requests was not implemented due to the lack of data
within the platform in those regards.

5.1 Event 2 (Enactment Case Studies)
To identify further orchestration needs that might only emerge during the actual orchestration of an inquiry using ILSs, and to
assess the first round of ADA solutions in authentic practice, we studied eight cases of authentic classroom enactments of IBL
using Go-Lab (featuring the first set of ADA solutions). Three teachers (let us call them Alice, Bob, and Chris) enacted a total
of eight learning designs with a grand total of 111 students. While Alice had no previous experience in using ILSs or IBL, Bob
and Chris had already used ILSs in their courses.

The main data sources used during these eight case studies were teacher interviews and classroom observations. Before the
orchestration started, teachers were interviewed about the perceived usefulness of five potential ADA solutions for awareness,

Shttps://www.golabz.eu/apps
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Figure 6. Example ADA solutions used by teachers during Iteration 2: “average time spent per phase,” as used in the
pre-enactment interview of Event_2 (top left); “users currently active per phase” (top right); and the “sequence of phases visited
by the students,” used during the actual Event_2 enactments (bottom).

assessment, and reflection (see Table 3). The enactment aspects were reduced to those three, since most of the needs reported
in Event_1 and Event_3 (see Table 1) were related to them. Then, two teachers decided to use three of these solutions in
the classroom. We observed all eight sessions to collect emerging teacher needs and understand how the implemented ADA
solutions were integrated into teaching practice. Afterwards, teachers were interviewed about the problems they had faced and
the usefulness of the solutions. Descriptive statistics were used on the quantitative feedback (about the perceived usefulness),
also extracting quotes from the interviews about orchestration needs and other tool suggestions. Observations helped detect
emergent orchestration needs, which were later cross-checked with teachers themselves during the interviews.

In line with results from the previous iteration, all three teachers expressed that they were mainly interested in the learning
process and in student-generated artifacts, mostly for assessment purposes. All three teachers asked experts or peers for advice
on apps/labs adequate for their pedagogical objectives and requested feedback to refine their ILSs. When informed about the
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Table 3. Perceived usefulness (from interviews with teachers) and actual use (from researcher observations) of ADA solutions
in the authentic classroom inquiry enactments (Event_2). The numeric value of the perceived usefulness (score column) is the
average rating by the teachers (n = 3) of usefulness for different purposes (fourth column), given in a seven-point Likert scale
from Strongly Disagree (—3) to Strongly Agree (+3).

Event_2 (Enactments, n = 3)

ADA Solution Ist Interview (n = 3) Observation 2nd Interview (n = 3)

Teachers who

Orchestration Granularit ADA I would use this information for Score [—3,3] actually used Sample of qualitative
Aspect y Analyses e (x,9) y feedback
the app
Sequence of awareness in the classroom —1.33,2.08 After seeing students going
phases visited awareness out of the classroom —1.33,2.08 back and forth between
Enactment  Inquiry by the = B 0 phases during the enactment,
students assessment —2.33,0.58 teachers were interested in
(overall) . . analyzing the “learning path”
reflection on the learning process 2.00, 1.00 to improve the ILS flow
reflection on the learning design 2.67,0.58 description.
awareness in the classroom —2.33,1.15 “It could be a relevant
Enactment  Phase Time spent awareness out of the classroom —1.33,2.89 Alice. Bob reflection indicator for better
per phase assessment 0.67.2.52 understargimg the students
progress.
reflection on the learning process 2.67,0.58
reflection on the learning design 2.67,0.58
Users awareness in the classroom 2.33,1.15 “It supports teacher
currentl awareness out of the classroom 3.00, 0.00 awareness in both
Enactment  Phase active Zr o Alice, Bob face-to-face and distance
hase P assessment 0.00, 2.65 activities, triggering
p . R interventions when some
reflection on the learning process 2.33,1.15 .
unexpected behaviour
reflection on the learning design 2.67,0.58 appears.”
Overview of awareness in the classroom 2.67,0.58 While assignments were not
Enactment Task/ who handed awareness out of the classroom 2.33,0.58 0 delivered through the ILSs,

resource in their according to the teachers,
assignment assessment 0.67,3.21 having access to the artifacts
created by the students “could

reflection on the learning process —3.00, 0.00 be useful for awareness and

reflection on the learning design —3.00, 0.00 later assessment.”

awareness in the classroom —0.50, 2.18 “Understanding which apps
Task/ Student attract/discourage the students

Enactment actions per awareness out of the classroom —0.67,3.21 Alice, Bob ' 8 o
resource a could support the reflection on
PP assessment —2.33,0.58 the learning design and
reflection on the learning process —3.00, 0.08 refinement of future ones.
reflection on the learning design —3.00, 0.00

possibility of including the aforementioned ADA solutions, Alice and Bob decided to integrate several of them into their ILSs
(users currently active per phase, time spent per phase, and student actions per app; see Table 3).

The teachers’ classroom setting and orchestration style (as per our observations) were quite varied. In the two enactments
by Alice, students worked individually or in groups, while she walked around answering questions. Since Alice was not close
to her computer, she displayed the ADA solutions using the classroom projector so that she (and her students) could see the
visualizations (Figure 7, top). In order to choose which group of students she should visit next, Alice looked at the “users
currently active per phase” and visited those who, according to her expectations, were behind/ahead of schedule, or those not
listed in any phase (meaning they were not interacting with the ILS). Students periodically checked the projection to compare
their own progress with that of their peers. In Bob’s lessons, students worked in small groups sharing one computer. He
monitored students from his desk using mainly the “users currently active per phase” and, occasionally, the “time spent per
phase” (Figure 7, middle). This prompted him to access students’ screens (using the school’s classroom management software)
in cases of inactive or delayed students, approaching students only when they had specific questions. In Chris’s sessions, the
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students worked individually. Given that the classroom distribution enabled him to glance over each student’s screen and
experiments (Figure 7, bottom), he did not use any of the proposed ADA solutions.

Teachers had designed the ILSs to be used in 90-minute face-to-face sessions. However, in several cases students could not
finish the activities on time or were absent during the session. Since Alice and Bob had added the ADA solutions a priori, they
were able to monitor the students’ online work as they accomplished the tasks later at home. Chris did not realize until he
assessed the students’ work that some inquiries were not complete—but it was too late to intervene.

After the enactment, a second interview was performed to reflect on the challenges that Alice, Bob, and Chris had faced
during the study and to review their perceptions about the ADA solutions (right side of Table 1). Although the three teachers
were mainly concerned about obtaining the learning artifacts produced by students during the learning process (e.g., hypotheses,
concept maps, datasets and observations collected while interacting with a lab, or conclusions), they did not require any support
in this regard, since all three asked students for paper-based reports about their work. Additionally, Alice and Chris took
pictures of the reports and uploaded them in the institutional learning environment as a backup. Among the ADA solutions, the
“time spent per phase” was considered especially useful for reflection, and the “users currently active per phase” was considered
to be useful for awareness in both face-to-face and blended situations. The “student actions per app,” not considered very
relevant at the beginning, turned out to be useful to detect which resources had attracted/discouraged students (for reflection
and refinement of the learning designs). Moreover, the fact that teachers had seen students going back and forth between phases
raised their interest in analyzing the sequence of phases visited by the students (to improve the flow and descriptions of the
ILSs they had designed). Also, while the students did not have to “hand in their assignments” through the ILS, the teachers’
concern about accessing the learning artifacts highlights that just providing teachers with evidence about the learning process
was insufficient. Teachers also provided suggestions on the solutions’ usability, which led to their refinement.

5.2 Event_3 (Expert Teacher Workshop 1)

To prioritize the IBL orchestration needs of teachers and to perform a wider evaluation of the ADA solutions implemented so
far, a two-hour workshop was held with expert teachers: 28 Go-Lab teachers (different from the ones participating in previous
events) from 14 European countries were selected by the project partners as expert, pioneering teachers in implementing IBL.

During the workshop, teachers (in groups of four) had to rank and classify by degree of importance (high/medium/low) the
list of orchestration needs emerging from Event_1. They were also invited to come up with additional needs not covered in
the list (e.g., the last item in Table 1). Teachers also assessed to what extent such needs were satisfied at that moment in the
Go-Lab platform (no = —1, partially = 0, yes = 1). Figure 8 (top) shows the results of this classification and assessment, whose
quantitative analysis (averages and standard deviations) has been integrated in Table 1 (right-hand side). Interestingly, needs
that appeared with low frequency in Event_1 were ranked as highly important in Event_3.

In the second part of the workshop, an extended set of ADA solutions for enactment at different granularity levels was
introduced to the teachers (see screenshots in Figure 8). As described in Table 2, this new set contained the five solutions used
in Event_2 (once they were refined in terms of usability) and four new solutions addressing other needs elicited in Event_1 and
Event_2. To better understand the usefulness of the solutions, teachers were provided with textual descriptions and screenshots,
and they also tested them out during the session. Afterwards, each group of four teachers evaluated the solutions using a
seven-point Likert scale from Strongly Disagree (—3) to Strongly Agree (4-3), for which we calculated averages and standard
deviations, also providing open-ended perceptions and ideas for improvement (see Table 4).

The ADA solutions perceived as most useful were comparing actual versus teacher-recommended time spent per phase,
analyzing students’ reflections about the learning process, and reporting on which students handed in their assignments.
Solutions related to timing were also highly valued: online users per phase, or time spent (per student or whole class). In terms
of granularity, no special trend was identified.

The qualitative feedback highlighted that the usefulness of enactment-oriented ADA solutions depends on the teaching
style (e.g., walking around the class vs. staying next to the computer). The main drawback identified was the limited accuracy
of the solutions when ILSs contained third-party apps or labs that did not have activity tracking, which led to incomplete
evidence of student activity. Also, teachers provided recommendations to improve the usability of solutions, which led to
further refinements.

5.3 Event_4 (Novice Teacher Workshop)

To assess potential adoption barriers of newcomers to Go-Lab’s IBL support, we organized a workshop on IBL for pre-service
teachers in a master’s program on secondary teacher education. Six participants attended the event (n = 6), none of whom had
participated in previous events. This workshop targeted IBL and design-oriented orchestration needs (assuming those needs
would be more acute for someone without prior experience teaching with inquiry methods). Given that the Go-Lab platform
already guides the creation of the whole inquiry and its phases, the most demanding design task is to decide which content
should appear in each phase. Thus, the goal of the ADA solutions tested in this event was to support such decisions (at the
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Figure 7. Classroom situations in the authentic enactment studies (Event_2). Awareness information displayed for Alice and
students (top). Bob monitoring the students from his desktop (middle). The classroom physical distribution in Chris’s cases
allowed him to have an overview of students’ activity by staying in the centre of the classroom (bottom).
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Table 4. Perceived usefulness of ADA solutions in the expert teacher workshop (Event_3)

ADA Solution Event_3 (n = 7 groups, 28 teachers in total)
Orchestration Perceived
Granularity ADA Analyses Usefulness Sample of Qualitative Feedback
Aspect =
[—3,3] (%,5)
Enactment- Sequence of phases
assessment/ Inquiry ed p 1.57,2.43 “The graphs need to be easier to read/understand.”
. visited by students
reflection
Enactment- . .
awareness/ “We cannot trust how much time students spend in a phase.
assessment/ Phase Time spent per phase 1.29,0.38 E.g.: if a student is working at home and takes a break and
C time spent keeps on counting.”
reflection P P &
. “Usefulness depends on the type of teacher. If you are walkin
Enactment- Users currently active fu P ¢ bp {f cher. If you wating
Phase 1.57,0.38 around the class looking at the entire class, you cannot monitor
awareness per phase o
anything.

Enactment- Overview of who

awareness/ Task/resource  handed in their 2.86, 1.11 “Enable filtering by user and assignment preview.”
assessment assignment
Enactment-

awareness/ Student actions per . . . L,

Task/resource P —0.14,2.16 “The app provides too much information at the same time.
assessment/ app
reflection
Enactment- Analytics on student “Useful for teachers and students.” “It helps teachers to collect
assessment/ Inquiry reflections about the 2.29,0.53 information about the students.” “The questions should be
reflection inquiry configurable.”
Enactment- Time spent vs. time
assessment/ Inquiry, phase ~ recommended by the 2.29, 0.49 “It is not easy to suggest the amount of time.”
reflection teacher per phase
Enactment- « . . .
. Number of students The app is not easy to understand. It required previous
assessment/ Inquiry, phase . —1.14,1.40 L,
. per phase over time explanation.
reflection
Enactment-
Concept map oy , , , , L,

assessment/ Task/resource 0.86, 1.35 It is a good idea [. .. ] but it requires previous explanation.

reflection aggregator

task/resource granularity level) with pedagogical and content-based recommendations. In this case the proposed solutions use
data about the learning designs (i.e., the ILSs), not about the learners. By analyzing the textual contents and apps used per
phase in existing ILSs, this new set of ADA solutions suggested related apps, either according to the inquiry phase being edited
or on the basis of the text and materials present in the ILS. Figure 9 shows the recommendations provided to the investigation
phase of one example ILS.

The workshop spanned four hours and included an introduction to IBL and Go-Lab, a hands-on session on using an ILS as
a student, and tasks for the creation of an ILS as a teacher. At the end of the session, using a survey with both closed-ended
(Likert) and open-ended questions, participants were asked about their disposition toward the design-oriented ADA solutions.

Table 5 summarizes participants’ answers, presenting the average and standard deviation of the quantitative data, and quotes
from the open-ended questions. The results show a marginal difference in favour of pedagogy-based recommendations. In the
qualitative feedback, participants pointed out that their low expertise in the platform conditioned their answers about the ADA
solutions. Additionally, the low relevance of certain recommended items and the lack of awareness about the rationale behind
the recommendations conditioned participants’ trust in such recommendations.

5.4 Iteration 2 Summary

Overall, this iteration elicited several lessons (see Figure 5). In relation to IBL orchestration needs (RQa), as the initially
important enactment needs were progressively supported by Go-Lab, design-related ones (e.g., getting feedback from experts
and hints from experienced peers) gradually became more prominent. Also, the enactment case studies highlighted the crucial
influence of classroom space and teaching style on the usage and adoption of ADA solutions. Unexpected blended learning may
often occur, even in lessons planned to be face to face, which led us to think that there could be cases of blended learning among
teachers’ reporting of face-to-face usage of ILSs (the 47.62% of teachers using ILSs totally in the classroom, in Event_1). This
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Figure 8. Images from the workshop with expert teachers (Event_3). Sheets generated by teachers with the prioritization of
needs (top). Screenshots of ADA solutions evaluated in the second part of the event: “Student actions per app” (middle) and
“Number of students per phase over time” (bottom).
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Figure 9. Screenshots of design-oriented ADA solutions. On the left, current contents of an investigation phase. In the middle,
pedagogical recommendations based on the inquiry phase being edited (Go-Lab apps). On the right, app recommendations
based on the astronomy-related content of the ILS.

Table 5. Evaluation of perceived usefulness of ADA solutions by pre-service teachers (Event_4). The five-point Likert scale
goes from Strongly Disagree (—2) to Strongly Agree (+2).

ADA Solution Event_4 (Workshop, n = 6)
Orchestration Granularit ADA Analyses Statement Score Sample of Qualitative Feedback
Aspect y yses [=2,2](x,s) p
. Content-related I found it useful 0.50, 0.84 "The algorithm provided recommendations that were not
Design Task/resource ,,
recommended - . relevant to the content.
. I"d like to use it
items 0.50, 0.55
frequently
IBL, design Task/resource Pedagogy-based I found it useful 1.00, 0.63 To profit from the req)m{nfnda{tons it wou!d be .
recommended o . necessary to be more familiar with the platform. Before
apps I'd like to use it 0.50,1.38  Starting to think about the content, I need to learn the
frequently basic functionalities to reduce the cognitive load.”

increases the interest of the awareness support provided by ADA solutions. The results from Event_3 suggest that the proposed
ADA solutions could contribute to addressing elicited teacher needs (see Table 1).

Regarding the suitability of the ADA solutions (RQb), we experienced the challenge of including (and designing the
technological platform for) third-party apps and labs created beyond the project: while the increased variety of tools is beneficial
when designing inquiries, it is a challenge for analytics due to the lack (or the heterogeneity) of student activity data from these
tools. The workshop with pre-service teachers led to inconclusive results regarding how to support practitioners at design time
using recommendations. It would be necessary to refine the recommendation algorithms (e.g., increase the accuracy of the
results), to extend them (e.g., enable recommendations beyond the content available in the platform, or take social feedback
into account), and/or to explore other inquiry design support. Finally, Event_2 and Event_3 confirmed the importance teachers
ascribe to accessing learner-generated artifacts (initially raised during Event_1). Thus, several functionalities were developed
(during and after this iteration) to enable teachers to access and export such artifacts.

6. DBR lteration 3

The results from the previous iteration underlined that certain orchestration needs detected at the outset were now fully
or partially addressed (see Table 1) and prompted the following question related to RQa: are there additional, emergent
orchestration needs impeding the adoption of IBL? Furthermore, regarding RQb, we aimed at evaluating the fulfillment of
orchestration needs and tried to investigate the actual adoption of Go-Lab’s ADA solutions (as opposed to the perceptions and
opinions of a limited number of teachers). The decisions and outcomes of this iteration are summarized in Figure 5.
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6.1 Event_5 (Expert Teacher Workshop 2)

At this point, the technological ecosystem (i.e., the repository and authoring platform) had evolved noticeably since the previous
iterations, and the ADA solutions had been extended and refined according to the suggestions and usability feedback collected
during Iteration 2. A two-hour workshop was held with 34 teachers from different European countries who had implemented
ILSs in their own classrooms (22 of whom had never participated in previous events). To assess the added value of the ADA
solutions, participants first received training and guidance about using such solutions within an ILS. Later, teachers integrated
the ADA solutions in ILSs already created and used by the teachers in their own classrooms. This exercise enabled the
participants to analyze, interpret, and visualize the work done by the students in the context of their own lessons. At the end
of the workshop, teachers answered Likert-scale questions about the usefulness and expected frequency of use of the ADA
solutions. Additionally, through a questionnaire and a focus group, teachers were asked about how the Go-Lab ecosystem and
the ADA solutions addressed their design and enactment needs (in terms of awareness, assessment, and reflection—the main
orchestration aspects related to the needs reported in Event_1 and Event_3), and which ones were not yet covered. Quotes from
the focus group and teachers’ open-ended written feedback were clustered by topic.

All ADA solutions were perceived as useful (averages ranging from 1.24 to 1.52, in a [—2,2] scale; see Table 6). Interestingly,
responses about the expected frequency of use were lower (averages ranging from 0.90 to 1.34) and more varied. While
there was no exact matching in the ranking of usefulness and expected adoption, the differences in the scores were small.
Interestingly, while in previous events teachers had requested a customizable version of the solution “Analytics on student
reflections about the inquiry,” the solution proposed to address this request (the “Evaluation questionnaire”) received the lowest
scores in terms of usefulness and expected use. As per the qualitative feedback, such results could be linked to bugs found by
the teachers while testing the tool.

Table 6. Perceived usefulness and expected frequency of use of ADA solutions by Go-Lab teachers (Event_5)

ADA Solution Event_5 (Workshop, n = 34)
. Orchestration o
Orchestration Granularity ADA Analyses Statement Score_ Need Satisfaction Sample of Quaht.atlve Feedback
Aspect [-2,2](x,s) ~ about Orchestration Needs
[727 2] (X, s )
Pedagogy-based I think it is useful 1.35,0.81 “Indeed, we need help to find more
Task/resource recommended apps suitable online labs for math, biology,
Design PP Iwill useitoften  1.12,0.84 1.29,0.76 .  J10008%,
chemistry ICT or computer science.
Content-related I think it is useful 1.44, 0.86 “It would be useful to have expert
Taskiresource recommended items recommendations or ILS rankings.”
Iwill use it often  1.09, 0.90 8
Student actions per I think it is useful 1.24,091
Task/resource a
PP I will use it often 1.03,0.87 “We need solutions for offline
Enactment- . 0
. 1.07, 1.07 learning. So far it’s internet
awareness . . I think it is useful 1.38,0.78 R ”
Inquiry, phase  Time spent per phase dependent: no internet, no lesson.
I will use it often 1.00, 0.96
. Users currently I think it is useful 1.41,0.78
Inquiry, phase active per phase
per phas I will use it often 1.14,0.95
. Student transitions I think it is useful 1.31,0.81
Inquiry, phase
per phase s . .
N I will use it often 1.10, 0.90 Give an automatic statistical
(individual) ’
summary of what students have been
Inquiry, phase S‘equence of phases I think it is useful 1.34,0.81 1.34,0.72 doing.” “It takes a lot of work to
Enactment- visited by students T will it oft 117.0.85 evaluate all the students’
assessment/ (overall) will use it olten S work.” “Enable ILSs to be printed, so
reflection Time spent vs. time I think it is useful 1.34.0.77 that I can evaluate the student work
Inquiry, phase ' » ine.” “Embedded -test
recommended by the - - offline.” “Embedded apps for pre-tes
teacher per phase I will use it often 1.03, 091 and pf)st—te;t.” “Survey [ evaluation
. . I think itis useful  1.52, 0.69 questionnaire] not working.
Inquiry, phase  Time spent per phase
I will use it often 1.34,0.72
Student actions per I think it is useful 1.34,0.90
Task/resource a
PP Iwill useitoften  1.07,0.84
Inquiry, Evaluation I think it is useful 1.28,0.88
task/resource  questionnaire T will use it often 0.90. 1.01

Participant teachers were especially satisfied with the enactment-oriented assessment and reflection support (¥ = 1.34),
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including not only the ADA solutions but also other functionalities, like the support for student reflection and self-evaluation.
In this regard, during the focus group teachers reported that the main unfulfilled needs referred to the general problem of
assessment (e.g., supporting the automatic assessment of student learning artifacts), some of which could easily be supported
by learning analytics solutions (e.g., using automatically processed pre-/post-tests). Teachers were slightly less satisfied with
the design-oriented support (X = 1.29), including not only the ADA solutions (i.e., the recommenders from Iteration 2 above)
but also the community support, online materials, and pedagogical guidance. In the focus group, teachers emphasized the
importance of supporting the discovery of apps, labs, and other resources and mentioned the potential usefulness of having not
only content-related but also expert recommendations and socially ranked ILSs. Other common limitations of TEL solutions,
such as the need for better internationalization, were pointed out as well. Enactment-related needs were considered less
satisfactorily addressed (¥ = 1.07), mainly due to bugs, usability issues, information and communications technology (ICT)
infrastructure (lack of, or poor, WiFi), and student language barriers.

In summary, while teachers seemed satisfied with the ADA solutions, this event uncovered the fact that unmet orchestration
needs were related to the particular ILS content, contextual constraints, or the general use of technology, rather than being
IBL specific. Still, future ADA solutions could address some of these general needs. For example, at the task level, concept
clouds automatically extracted from student productions could raise teacher awareness about whether students are internalizing
the concepts of the ILS. Also, concept clouds could be applied at the inquiry or phase level, comparing the students’ and the
teacher’s clouds (e.g., extracted from the ILS instructions). At the inquiry level, the relation between phases could also be
analyzed, e.g., between the hypothesis, the observations, and the conclusions entered by the students.

6.2 Event_6 (Expert Teacher Workshop 3)

In order to uncover the remaining or emergent IBL orchestration challenges hindering the adoption of Go-Lab, we organized
a workshop with 22 teachers who had previous expertise, both with IBL. and Go-Lab (9 of them had already participated in
previous events). During the workshop, part of a teacher-training program on innovative practice using IBL, teachers reflected
on and discussed the difficulties they still faced when integrating IBL and Go-Lab in their practice. This was done as a focus
group, where teachers expressed benefits and outstanding orchestration challenges (see Figure 10, top). The recording of the
session and the artifacts produced by the teachers was analyzed in relation to the orchestration aspects depicted in Figure 3,
clustering voiced difficulties per topic.

As we can see in Figure 10 (bottom), teachers cited classic challenges in TEL adoption, like insufficient ICT infrastructure
and usability and language barriers. For this kind of pragmatic challenge, ADA solutions may not be of great help, since there
is no specific relation either with the learning design or with learning and teaching practices.

Looking at IBL-specific challenges, we see that time restrictions (and the increased time that designing and enacting
inquiries takes) were most often mentioned. Similarly, many of the other challenges relate to making the most of teachers’
limited time: more findable, reusable ILSs and apps; assessment functionalities; etc. Additionally, certain remarks were made
about the difficulties for teachers to provide adequate direction in the inquiries and for students to assume more active roles.
ADA solutions could be especially valuable in addressing these IBL-specific challenges.

Several issues were specific to the Go-Lab ecosystem: teachers mentioned the (in)compatibility between Go-Lab and their
already-existing technological classroom ecosystems (in terms of web browsers, hardware devices, etc.), or particular usability
problems of Go-Lab. These barriers are beyond the scope of ADA solutions per se, but built-in compatibility tests could be
explored to mitigate them.

6.3 Event_7 (Platform Usage Analysis)

In our DBR thus far we had collected opinions and perceptions and observed actual enactment practice from 95 teachers. Yet,
this evidence could represent a skewed vision of the awareness and adoption of the ADA solutions for IBL orchestration offered
by Go-Lab. The participants involved in the previous events represent less than 0.35% of the Go-Lab user base, and their
commitment and motivation may not be representative of the rest of that population. To tap into the whole Go-Lab teacher
community, we analyzed the overall usage of Go-Lab’s ADA functionalities until 1 November 2018.

In order to understand the level of awareness and adoption of the ADA solutions, we analyzed the ILSs of every teacher
registered in the platform (26,810 teachers, excluding partners from Go-Lab and related projects). For each teacher, we
calculated (a) how many ILSs the teacher had (co)created in total, (b) how many ILSs included at least one ADA solution that
each teacher had (co)created; (c) how many of the teacher’s ILSs had potentially been implemented in the classroom’; and (d)
how many ILSs with at least one ADA solution had potentially been implemented. Figure 11 shows the number of teachers

7To determine whether an ILS has been implemented with students on the basis of the platform’s logs, the following heuristic was used, based on the fact
that most teachers reported having 10 or more students per classroom (Event_1) and that an average European classroom may have around 20 students. Since
teachers reported having used Go-Lab in small groups (i.e., two students may have used a single computer to access the ILS), we considered ILSs as potentially
implemented when there were traces from at least 10 different students in an ILS.
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Figure 10. Images from a workshop with Go-Lab teachers (Event_6) (top), and main remaining IBL orchestration challenges
from the analysis of workshop evidence (bottom). The number of teachers mentioning each challenge appears in parentheses.
Lines connect related challenges.

who had ILSs corresponding to each of the four aforementioned categories. While the usage of ADA solutions to support the
design could not be tracked (since they are built-in solutions that anyone can use at any time), the analysis focused on the rest
of the apps listed in Table 2.

Regarding the awareness of ADA solutions, out of 15,894 teachers who (co)created at least one ILS, 25.07% included at
least one of the ADA solutions. Out of 3,985 teachers that potentially implemented ILSs in their classroom, 69.62% did so with
at least one ILS featuring these solutions. Indeed, more than 50% of those including ADA solutions in an ILS used them again
in at least one other ILS of theirs (regardless of whether we look at co-created ILSs or ILSs potentially implemented in the
classroom).

We can look at the numbers of teachers who have (co)created ILSs versus those who have gone on to implement them
in their classrooms (Figure 11, left margin) as a sort of “conversion funnel” (Kotler & Armstrong, 2010). Since it requires
additional effort to put an ILS into practice in the classroom, only a portion of those who create ILSs will go on to become
“implementers.” Indeed, only 15.18% of the (co)creators become implementers of ILSs and, out of this group, 49.15% did it
more than once. However, if we look at the teachers who included ADA solutions in their ILSs (right-hand margin in Figure 11),
we find a much larger proportion (42.16%) that went on to become classroom implementers, and 57.62% of them did it with
more than one ILS. Multiple factors can be at play here: is this because the ADA solutions indeed provide more adequate IBL
orchestration support, or because of some other inherent trait of the teachers (which causes them to both try out ADA solutions
and implement them in the classroom)? This observational study cannot answer this question, which can be the focus of future
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research.

These results align with the emphasis placed on enactment needs by the teachers participating in the previous DBR events
(especially in the survey and workshops). Given the high proportion of teachers who repeatedly implement their ILSs using
ADA solutions once they try them, one potential adoption promotion strategy could be to offer built-in guidance about the
benefits that ADA solutions could have in a teacher’s ILS, clearly explaining how these solutions can be integrated into their
teaching practice.

Figure 11. Platform usage statistics of awareness and adoption of the ADA solutions in Go-Lab, in terms of (co)created and
implemented ILSs (Event_7). In the margins, the total number of teachers in each of the categories.

In terms of orchestration needs, this overall analysis suggests that many teachers (40.71%) disengage before (co)creating an
ILS in the platform. These results match with the feedback obtained from the pre-service teachers in Event_4. While some
teachers may have just tried the Go-Lab ecosystem out of curiosity (without intending to adopt it later on), it could be useful to
better integrate the ADA solutions into the design process (e.g., with a wizard guiding newcomers in the design process, based
on pedagogically grounded recommendations and patterns observed from other teachers).

6.4 Ilteration 3 Summary

Overall, this iteration provided us with an updated, more complete view of teachers’ orchestration needs (RQa) when
implementing IBL in their classrooms. Furthermore, in relation to RQD, the evaluation of the ADA solutions implemented in
Go-Lab and their actual adoption helped us understand how to align learning design and analytics in a way that supports teacher
orchestration (which could be distilled into design guidelines). These two outcomes are described in the following section.

7. Discussion

As shown in Figure 5, the three DBR iterations raised a number of findings regarding our research questions: (RQa) “What
are the IBL orchestration needs of teachers?” and (RQb) “To what extent do ADA solutions fulfill those needs?”” Below we
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synthesize these needs and design guidelines for ADA solutions devoted to IBL orchestration as main theoretical outputs from
our DBR (Barab & Squire, 2004).

7.1 Teacher Needs in Orchestrating IBL and Suitability of ADA Solutions

From the elicitation and prioritization of teacher needs performed throughout the data-gathering events, and our own observations
during this whole DBR process, we can categorize the orchestration needs that teachers implementing IBL in their classrooms
seem to have (RQa). We have classified these needs in Figure 12, according to the different orchestration aspects addressed in
this research.

When orchestrating IBL there is a need for ...

THEORY PRAGMATIC CONSTRAINTS
BLtralning blended orchestration support
e Time constraints or unexpected events may require

i i orchestrating blended learning
more direction

IBL requires more student scaffolding interpretable, actionable analysis
) i i That provides meaningful and contextualised evidence of
fostering students to change their practice student learning
IBL and active learning require a change in the teacher
and student practice compatibility and interoperability

With browsers, devices and existing tools in use

DESIGN ENACTMENT
reduced design time manpower
To design the lesson, find materials, ... Need for more human resources for monitoring and

regulating each learning path
reusable designs (ILSs)

For specific domains or educational levels that can be awareness support
later adapted according to the contextual, cultural and MNeed for versatile visualizations of the student activity and
curricular constraints current status usable with a variety of teaching management

styles and classroom layouls

findable resources
For specific domains, educational levels, functionalities assessment support
Need for peer, self and automatic assessment solutions

guidance and feedback .
Meed for IBL guidance and expert feedback reflection support
Need for deeper analyses about the learning process

Figure 12. Main IBL orchestration needs extracted during our DBR process.

From the perspective of IBL theory, the teachers’ perceived need for receiving feedback from more experienced peers
and experts supports the importance of social practices for IBL adoption reported in other papers (de Jong et al., 2021;
Rodriguez-Triana et al., 2020). Aligned with the existing literature (Blake et al., 2013; Sergis et al., 2019; Sharples, 2013),
to help teachers guide students toward more active learning models, IBL pedagogical principles and best practices should be
provided. While teacher requests tagged as IBL related were mentioned infrequently, they were closely linked to the most
popular demand among teachers: to effectively guide students within the time constraints.

Among the needs for coping with (planned and unplanned) pragmatic constraints, the main concerns of the teachers
referred to the interoperability and compatibility of the IBL platform with the technological ecosystem already in use and the
need for contextualized and easily interpretable learning analytics solutions to help them monitor and understand the learning
process. While the former concern about interoperability is common in TEL research (Ochoa & Ternier, 2017), the latter is a
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well-known issue in the learning analytics community (Hernandez-Leo et al., 2018). In addition, due to the student-driven
nature of the inquiries, part of the learning activity may happen outside the classroom (and outside a controlled technological
setting (Mulholland et al., 2012)). Thus, there is a clear need to make learning designs and technologies compatible with
blended learning (Rodriguez-Triana et al., 2017).

As stated by other researchers (Emin-Martinez et al., 2014; Herndndez-Leo et al., 2018; Lockyer & Dawson, 2011; Lockyer
et al., 2013) and illustrated in the different events of our DBR process, the alignment between learning design and analytics can
aid design and enactment needs:

» Before the learning activity, ADA solutions can support the learning design, analyzing existing designs to make
recommendations at the inquiry or app/resource level, thus reducing the complexity and workload of the task (see
Event_4).

* During the learning activity (as seen in Event_2), ADA solutions could facilitate teachers’ awareness needs, such as the
constant search for struggling students, or raise awareness about situations that may require teacher intervention (e.g.,
excessive time deviations from the planned design). In this way, ADA can reduce the management and awareness load,
freeing teachers’ time and attention so that they better regulate, intervene in, and adapt the learning activities.

 After the learning activity, ADA solutions may provide analytics for assessment (e.g., automatic statistical summaries of
the learning activities or pre-/post-tests) and help teachers reflect on their inquiries, and what parts of them need to be
improved for future designs (as happened in Event_2).

Our second research question, about whether or not the ADA solutions implemented in Go-Lab fulfill teachers’ IBL
orchestration needs (RQb), can be illuminated by drawing upon the evidence of Events 2 to 7 (following the four topics of
analysis in Figure 3):

Design support The proposed recommender systems to aid in ILS design had mixed success. Their main target audience
(novice teachers) valued both pedagogical and content-based recommendations positively but pointed out shortcomings in
accuracy or considered them overwhelming (Event_4). More expert teachers, on the other hand, valued them quite highly
(Event_5). Despite this mildly positive reaction, teachers also pointed out several unsolved challenges in order to make the
design of ILSs faster and more versatile (Event_6).

Enactment support This area was the most complex in terms of number and variety of needs identified. Awareness solutions
showing real-time data were well valued, especially those comparing the time spent with the lesson plan, and pointing to the
students’ current phase within the inquiry (Event_3). More complex visualizations (like the temporal evolution of students
across inquiry phases), however, did not seem worth the increased load on teachers’ attentional resources (Event_3). Enactment
time limitations remain an unsolved problem for many teachers (Event_6). ADA solutions related to assessment and monitoring
of assignments are considered important by teachers (Event_2, Event_3) but may not fully cover teachers’ assessment needs yet
(Event_6).

Support within pragmatic constraints The case studies of classroom enactment (Event_2) showed that ADA solutions were
usable in a variety of authentic settings by different kinds of teachers. The fact that teachers’ expected frequency of use is
moderately high across all ADA solutions (Event_5) also hints at the tools complying with at least basic classroom contextual
constraints. In general, ADA solutions have been adopted by thousands of teachers using the Go-Lab orchestration platform,
even if the proportion of ADA users is still moderate (Event_7). The fact that a higher proportion of teachers using ADA
solutions then go on to implement their ILSs in the classroom (Event_7) also suggests that ADA solutions might alleviate
certain hurdles of implementing IBL in authentic settings. Nevertheless, challenges remain in this area (e.g., time, infrastructure,
or interoperability constraints), which may not be solvable exclusively through ADA solutions (Event_6).

IBL-specific support Many of the proposed ADA solutions feature IBL-specific concepts (like the inquiry phases), which
were well received by teachers (Event_3, Event_4, Event_5). Still, the pedagogical support for designing and enacting effective
IBL activities is still in its infancy in Go-Lab. Again, systemic challenges like the lack of teacher training (Blanchard et al.,
2009; Hofer & Lembens, 2019; Silm et al., 2017) and expert feedback (Event_6) make this kind of support a target for future
ADA solutions.

These findings paint a promising overall picture of the ADA support for IBL orchestration in Go-Lab. However, future
evaluations should look at the validity and reliability of these solutions by both teachers and students (e.g., using the Evaluation
Framework for Learning Analytics proposed by Scheffel et al., 2017).

7.2 Design Guidelines for Solutions That Align Design and Analytics for IBL
Our interaction with teachers and the different attempts at implementing ADA solutions during the DBR process have unearthed
a number of lessons in the design of technologies leveraging learning design and analytics for the orchestration of IBL, which
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can be valuable beyond the Go-Lab community.

1.

One need, multiple solutions. Considering the variety of teachers’ contextual constraints (from classroom space and
furniture to local culture or curriculum) and teaching styles, a single orchestration solution is not likely to work across the
board. Thus, as pointed out in previous literature (Gasevic et al., 2016), a single orchestration need may require multiple,
apparently redundant, solutions. Early user involvement with many different types of teachers is highly recommended to
uncover this variety of constraints (Prieto et al., 2019).

Time is paramount—develop for time. The most influential factor conditioning the adoption of our ADA solutions
was the tension between the limited time, attention, and effort that teachers have and the increased demands that IBL
approaches place on their shoulders. As pointed out in learning analytics reviews (Rodriguez-Triana et al., 2017;
Schwendimann et al., 2016), the design of ADA solutions should adjust to the timing, cognitive, and interaction demands
of each moment. During the learning activity, the emphasis is on regulation and intervention, with little time and attention
for processing data. Therefore, solutions should offer inquiry-wide, coarse-grained awareness with a focus on time or
deviations from the plan. This information should be glanceable, on both tiny mobile displays and wall projectors (see
the previous guideline). In contrast, design-time and post hoc reflection may allow for more detailed information (e.g.,
about the usage of a single resource, or the paths followed by students throughout the inquiry), which may require more
careful interpretation.

. Blend into the existing ecosystem. It is essential that IBL technologies and ADA solutions “play nice” with tools or

hardware that teachers already use for lessons/inquiries. This involves paying special attention to standards and third-party
tools to enable interoperability (Dodero et al., 2017). For instance, using xAPI, apps and labs could homogeneously
track student activity, so that later on they could be integrated and analyzed. Also, using OpenSocial API and IMS-LTI,
embedded tools could be aware of the context where the actions take place (e.g., the inquiry phases, their content, and the
users involved). Later on, ADA solutions could create context-aware analyses using such context and activity data.
Design for analytics. Apart from designing for data privacy (as required, e.g., by the General Data Protection Regulation,
GDPR, in Europe) (Hoel & Chen, 2016), the collection of meaningful and reliable data requires careful thought about
how students interact with the different parts of the IBL ecosystem. For example, frameworks such as the Learning
Analytics Learning Gain Design (LALGD) model could contribute to aligning meaningful data capture with pedagogical
intentions and their learning outcomes (Blumenstein, 2020).

Involve teachers in the loop. Apart from involving teachers in the design and evaluation of ADA solutions, we should
enable practitioners to configure them (Rodriguez-Triana et al., 2018). For instance, they should be able to customize
contextual parameters like the amount of time to be devoted by students to the different inquiry phases or the kinds of
data that can be collected.

Design for orchestrating blended learning. We often underestimate the probability of unexpected events interfering
with our plans (Kahneman & Tversky, 1982). Many IBL cases designed in Go-Lab target face-to-face, classroom-bound
sessions. However, as happened in several IBL cases reported in our study, this “planning fallacy” often results in learning
becoming blended (due to absent students; latecomers; and “open trajectories,” which cannot be predicted easily, or when
learners need to finish inquiries at home). ADA support should be designed to enable teacher awareness outside the
classroom, including notifications or visualizations of the progress of asynchronous inquiries.

Scaffolding non-experts. Given that few teachers have experience with scientific inquiry (Blanchard et al., 2009),
scaffolding teachers with pedagogical advice is essential to keeping the time, effort, and effectiveness of non-expert
teachers at tolerable levels (Dorier & Garcia, 2013). Such scaffolding should take into account not only the teachers’
pedagogical expertise in IBL (be it through analytics-based recommendations during design, guidelines, or contextualized
help) but also their data literacy.

Account for the evolution of needs. Our long-term study of teacher orchestration needs uncovered a long and evolving
list of needs and challenges for IBL adoption. As needs are fulfilled, teachers find new obstacles that require attention.
Furthermore, teachers’ expertise with IBL and TEL also evolves over time. Hence, it is necessary to perform iterative,
holistic evaluations (cf. our use of the orchestration framework to guide the analyses) over longer periods of time in
which both the technological support and teachers’ own abilities have a chance to evolve.

Researching for adoption (meta-guideline). Our four-year DBR process also showed that researching to foster adoption
requires not only longer-term efforts but also going beyond asking users for opinions and expectations into observing (in
situ or online) their actual everyday use. Also, it requires involving teachers with very different profiles and gathering
data in a wide variety of ways (from large-scale log analyses to single-case in-depth interviews and observations).

These nine design guidelines are in many cases aligned with (or particularize) existing design guidelines to support “orchestrable
technology” (Prieto et al., 2015) and general good practices in educational technology usability. For instance, guideline #2
seems rather related to Dillenbourg and colleagues’s (2011) advocacy of minimalism, which in turn is somewhat contradicted
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by guideline #1 (which defends a certain level of redundancy to address multiple classroom realities). Other guidelines are
rather about how the research and technology design process should be followed (#4, #5, #8, and #9). It is worth noting that
these IBL orchestration guidelines are quite distinct from other design guidelines for developers in the field of IBL, which
focus on how to design TEL to support student inquiry, not teachers’ labour (Quintana et al., 2004).

8. Conclusions and Future Work

This paper reports on the lessons learned during a four-year DBR study exploring primary and secondary school teachers’ IBL
orchestration needs in Go-Lab, and how solutions that align learning design and analytics can fulfill such needs. We have
clustered the elicited needs into four main orchestration aspects (theory/IBL, pragmatic constraints, design, and enactment).
According to our participant teachers, needs related to the enactment of the learning activities appear most frequently and
have the highest priority. To address such teacher needs, several ADA solutions were tested. Our findings highlight how these
solutions aided the orchestration of IBL in Go-Lab, especially in terms of awareness, assessment, and reflection. During this
process, we have also extracted a list of guidelines for technology developers aiming to support IBL orchestration.

The research presented here is not without limitations. The most obvious one is the fact that our DBR and its outcomes (in
terms of both empirical findings and design guidelines) are tied to the context in which our evidence was collected, namely the
Go-Lab ecosystem, its teacher community, and the specific ADA solutions that we used in our evaluations. This potential lack of
generalizability also lies in the fact that, despite being numerous, our informant teachers were not necessarily representative of
all teachers attempting to adopt IBL in different cultures or under different curricula. Moreover, the Go-Lab ecosystem already
supported many orchestration tasks (related to both design and enactment). Therefore, while eliciting teacher orchestration
needs in IBL, we were able to detect only those not supported yet by the ecosystem. Thus, in the future, it would be interesting
to cross-check our findings with those from other IBL platforms.

Our exploration of ADA solutions was biased toward the use of learning design to contextualize/enhance the results of
learning analytics. The design-time recommendation systems evaluated in our research have only scratched the surface of
the complementary approach: to use learning analytics to analyze and eventually improve learning designs. Much of the
future work we envision will involve design-oriented ADA solutions and the analysis of their adoption within Go-Lab. We
also expect to improve ADA solutions (e.g., with more accurate tracking of timing indicators, or the combination of activity-
and content-based analytics) in a way that can be useful for assessing the inquiries. To better understand the added value
of the ADA solutions and their associated tangible and intangible costs, existing user-centred (Scheffel et al., 2017) and
diagnostic (Rodriguez-Triana et al., 2018) approaches could contribute to better adapting the solutions to their intended users.
Finally, there is a need to identify validated and pedagogically grounded indicators for IBL that teachers can trust and integrate
into their practice, as noted in the area of collaborative learning by Dimitrakopoulou and colleagues (2006).

Despite these limitations, the list of orchestration needs and guidelines outlined above may be useful for other researchers
and learning designers interested in supporting technology-enhanced IBL in the challenging environment of primary and
secondary school classrooms. Additionally, the detailed account of our methods and approach can serve as an example for
others trying to study this complex phenomenon through DBR in the future.
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