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Abstract Despite many years of research in CSCL, computers are still scarcely used in

Q1

Q2

7

classrooms today. One reason for this is that the constraints of the classroom environment 8

are neglected by designers. In this contribution, we present a CSCL environment designed 9

for a classroom usage from the start. The system, called TapaCarp, is based on a tangible 10

user interface (TUI) and was designed to help train carpenter apprentices. A previous study 11

(Cuendet and Dillenbourg 2013) showed that the tangible nature of TapaCarp helped inte- 12

grate it in the classroom environment, but that this did not guarantee a meaningful learning 13

activity. In this article, we describe the process that led us to design a new learning class- 14

room activity for the particular context of dual carpentry apprenticeships. One innovative 15

aspect of the activity is that TapaCarp is used only for a small part of it. This contrasts with 16

the mainstream CSCL approach that assumes that the system must be used from beginning 17

to end of the activity. This new activity was used in a classroom study with 3 classes of car- 18

penter apprentices over two days for each class. Despite its many steps, the activity proved 19

usable and fostered many connections to the workplace, which was one of its main purposes. 20

The teacher and the students were positive and showed high engagement in the activity. The 21

learning gain results were mixed: the performance of the students improved from day 1 to 22
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day 2, but the learning gain measured with a pre-test/post-test mechanism did not show any23

significant difference compared to that of a control group.24

Keywords Tangible user interfaces · Classroom orchestration · Scripting · SWISH ·25

Vocational training · Carpenters · Spatial skills26

Introduction27

Technology for classroom orchestration28

Although numerous projects have shown the potential benefits of technology for learn-29

ing, and in particular for collaborative learning, implementations of these technologies in30

authentic teaching settings are few and far between (Roschelle et al. 2009; Dillenbourg31

et al. 2012). In fact, classrooms using computer technology are today the exception rather32

than the majority. This is not for the lack of potential of computer technology for learn-33

ing. Computers can indeed support fundamental characteristics of learning, such as active34

engagement, participation in groups, frequent interaction and feedback, and connections to35

real-world contexts (e.g. Roschelle et al. 2000).36
Dillenbourg and Jermann (2010) argued that the success of a learning technology in a37

classroom environment goes beyond the potential of the technology to deliver a learning38

outcome. The authors present six constraints that a teacher faces when managing a class-39

room: curriculum, assessment, time, effort, space, and safety. Others (Moraveji et al. 2011;40

Roschelle et al. 2009) have also observed the curriculum and assessment constraints, and41

added the following ones: pedagogical guidance; logistic support for teachers; coping with42

different levels of expertise among the students; and providing task-specific context to the43

teacher.44
These extrinsic constraints were often ignored in the early days of CSCL, during which45

research tended to focus more on the learning outcome by satisfying primarily the con-46

straints linked to the core pedagogical task (intrinsic constraints). Many scholars in the47

CSCL community now defend the idea that the extrinsic constraints should be given more48

attention. This has led to the recent focus on classroom orchestration (Dillenbourg et al.49

2009). The core idea of classroom orchestration is that to be successfully used in a class-50

room, a learning technology should address both the constraints linked to the learning51

context and the intrinsic constraints (Dillenbourg et al. 2012).52
Although the focus on classroom orchestration is quite recent, some learning systems53

have successfully been integrated in the classroom. ClassSearch (Moraveji et al. 2011),54

a tool for web search skills acquisition, was used in classrooms of 11-14 years old stu-55

dents. It reduced the teacher’s orchestration load by displaying a search history on every56

student’s screen and by encouraging students to stay on task. OneMouse Per Child (Alcoho-57

lado et al. 2011) is a single display groupware where each student controls a mouse linked58

to a single computer. It was used to train third grade students for arithmetic, geometry, and59

grammar. The teacher can easily monitor the activity of each pupil, which decreases the60

orchestration load. One of the main successes of classroom integration is Group Scribbles61

(Dimitriadis et al. 2007), a graphical user interface (GUI) that enables students and a teacher62

to scribble contributions on sheets similar to post-it notes, and to jointly manage the move-63

ment of these electronic notes within and between public and private spaces. The system64

increases awareness of students’ actions for the teacher, making it easier to orchestrate the65

classroom.66
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This article follows up on the classroom orchestration and the integration of learning 67

technology in the classroom. It is distinctive from previous work in that it focuses on a spe- 68

cific educational context, vocational education and training (VET), and that is uses tangible 69

user interfaces (TUIs). Both are described in the following sections. 70

Educational context: Vocational training 71

The dominant approach to VET in Switzerland, where this study was conducted, is the 72

dual one, where apprentices split their time between school and work. They spend one day 73

per week in a professional school where they acquire profession specific knowledge. The 74

practical knowledge is developed during the remaining four days spent in a company and 75

during intensive practical courses that generally occur once a year over 2 to 3 weeks. 76

The dual system is ideal on paper: the firsthand practical experience acquired in the 77

workplace is complemented by the theoretical lessons given at school. In practice, though, 78

things are a bit more complex. Companies evolve in a fast and competitive environment and 79

are required to constantly adapt their practices based on technological progress and industry 80

standard changes. Schools, for their part, favor continuity based on a rarely changing cur- 81

riculum and teachers are often not active in the profession anymore. For apprentices, this 82

leads to a gap between the practical work in the company and the theoretical teaching at 83

school. To be successful, a learning technology for VET training should therefore, in addi- 84

tion to satisfying the extrinsic constraints of the classroom described above, help overcome 85

this gap. This can be achieved by putting together what is learned at the workplace and at 86

school and making a link between the two. 87

Carpenters 88

In 2010, with 1060 apprentices starting an apprenticeship, carpentry was the 19th most pop- 89

ular profession by the number of apprentices starting an apprenticeship (Gaillard 2012). In 90

2011, 890 carpenter federal degrees were delivered (869 men and 21 women) and there were 91

2887 people enrolled in a carpenter apprenticeship (29 women), representing about 10 % of 92

all apprentices in the building trades. 93

The job of a carpenter is to prepare, cut, and assemble wood pieces to create the frames 94

and roofs of buildings. Carpenters work on new buildings as well as on older ones that they 95

renovate. Their job mainly consists in five steps: 96

1. Read and make sense of the plans produced by the architect (or the engineer). 97

2. Generate a working drawing based on the plans, at a 1:1 scale. 98

3. Determine how much wood will be needed, select and prepare it. 99

4. Cut the various pieces of wood as indicated on the plan. 100

5. Go on the construction site and assemble all the pieces together. 101

Companies and professional schools both put forward spatial skills as a crucial capability 102

asked from carpenters. Tapacarp was designed to support carpenter apprentices particularly 103

regarding the acquisition of spatial skills (Fig 1).Q3 104

Technological context: Tangible User Interfaces 105

Apprentices in VET are often interested in practical tasks, especially in manual profes- 106

sions. We therefore believe that they should be provided with learning environments that 107

begin with concrete tasks and concrete objects before introducing more theoretical and 108
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(a) (b) (c)

Fig. 1 Typical structures built by carpenters.

abstract concepts. Tangible user interfaces (TUIs) seem particularly adequate in the context109

of vocational training as they offer concrete manipulation of physical objects.110

According to Shaer and Hornecker (2009, p. 4), a tangible user interface (TUI) is an111

“interface that is concerned with providing tangible representations to digital information112

and controls, allowing users to quite literally grasp data with their hands”. The original113

motivation behind TUIs was indeed to connect the physical world with the digital one by114

using physical artifacts, therefore keeping the richness of physical interactions. This was115

novel and contrary to the main trend that focused on forcing the user into a virtual world.116

An exhaustive panorama of TUIs is beyond the scope of this article. Instead, we review the117

work on TUIs for education.118

TUIs for education119

Education has been one of the main domains of application for TUIs, resulting in many120

TUI prototypes for various learning domains. An excellent review of tangible interfaces in121

the domain of learning is available in the survey of TUIs provided by Shaer and Hornecker122

(2009, chap. 4.1). It references many recent TUI applications for collaborative problem123

solving, tangible programming, and storytelling. The focus here is on TUIs that are closer124

to the one mentioned in this article, i.e. TUIs that concern the creation and manipulation of125

three-dimensional (3D) shapes, the development of geometrical and spatial related concepts,126

and TUIs that are used on interactive surfaces.127

Several systems have been developed that allow users to build 3D models through the128

manipulation of physical blocks (Girouard et al. 2007; Anderson et al. 2000). Song et al.129

(2006) developed an interface that allows users to annotate physical 3D models and integrate130

the annotations back into a CAD software. Several works have focused on exploring TUIs131

and spatial skills. Kim and Maher (2008) showed that designers using the TUI (as opposed132

to a traditional GUI) recognized more spatial relationships, were more immersed in the133

task, and discovered new visuo-spatial features when revisiting their design. Quarles et al.134

(2008) compared the use of a TUI, a GUI, and a physical interface to learn how to operate135

an anesthesia machine. They found that the TUI significantly helped users with low spatial136

cognition ability, whereas the physical interface and the GUI did not. They noted that by137

merging physical objects and computational media, the TUI made it easier for users to138

perform spatial cognition tasks.139

The TUI presented in this article is a top-down interactive surface. An interactive tabletop140

surface is a horizontal surface that serves both as an input and output space. It is in gen-141

eral composed of a camera and a projector which can be placed either above the surface or142

under it. As detailed in Dillenbourg and Evans (2011), there are advantages and drawbacks143
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to both approaches. One of the most fully developed top-down tabletop systems is TinkerL- 144

ogistics, created by Zufferey et al. (2009) and later improved by Do-Lenh (2012). The aim 145

of the system is to teach logistics to teenaged apprentices by allowing them to build ware- 146

houses and evaluate them. The system is composed of small-scale shelves that the users can 147

freely manipulate. Each shelf is equipped with a fiducial marker which allows the system 148

to track its position accurately, build the model of a warehouse, and project feedback on the 149

shelves. The users control the system through a paper interface. They can then run simula- 150

tions and observe various metrics reflecting the performance of the warehouse. Contrary to 151

constructive assembly systems such as Smart Blocks or Digital Manipulatives, the shelves 152

are simple objects that do not contain any electronic equipment. 153

Another top-down system, without augmentation, is the one created by Horn et al. (2009) 154

for practicing tangible programming. The system is aimed at kids who, through tangible 155

puzzle pieces, can put together several programming instructions to direct a robot. The 156

system identifies the puzzle pieces through a camera, interprets them into program and 157

command a robot to execute the program. 158

Many other tabletop TUIs for learning have been developed over the years. Rather than 159

listing them all, the next section summarizes the potential benefits of such systems for 160

learning. 161

Potential benefits for learning 162

There are many reasons why tabletop TUIs could benefit learning. The most relevant ones 163

in the context of this study are increased usability, physicality and its link with cognition, 164

multiple external representations, and the impact of TUIs on collaboration, co-location, and 165

simultaneous interactions. 166

Increased usability The learners’ familiarity with the manipulation of physical objects 167

can increase usability and limit the cognitive effort dedicated to interact with the system, 168

and subsequently allow learners to focus on the core of their task (Manches and O’Malley 169

2012; Fitzmaurice and Buxton 1997). Tuddenham et al. (2010) found that tangible objects 170

were easier for the user to acquire than multi-touch or mouse, and that once acquired, they 171

led to an easier and more accurate manipulation. However, the ease of manipulation can 172

sometimes be counterproductive for learning if it leads to too much manipulation (Cuendet 173

et al. 2012c; Do-Lenh et al. 2010; Price et al. 2009). In the context of a classroom, where 174

time is a scarce resource, increased usability and intuitiveness of manipulating objects can 175

be decisive. 176

Link with cognition and spatial tasks Assuming that perception and cognition are 177

linked (e.g. Pecher and Zwaan 2005), gestures and physical movement can benefit learn- 178

ing (Goldin-Meadow 2003; O’Malley and Stanton Fraser 2004). Physicality can also be 179

beneficial for specific tasks, and especially for spatial ones, thanks to their haptic and 180

proprioceptive properties (Sharlin et al. 2004; Marshall 2007). 181

Multiple external representations Zhang and Norman (1994) showed that external rep- 182

resentations can lead to higher problem-solving performance, because they can reduce the 183

load on working memory, anchor and structure cognitive behavior, and provide information 184

that can be directly perceived and used without further processing. Tangibles can serve as 185

external representations, and especially so in the case of spatial reasoning tasks, where they 186

can serve to anchor the spatial reasoning (Cuendet et al. 2012b). Price et al. (2009) also 187
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found that different geographical locations (i.e. co-located vs. discrete) of a representation188

led to an understanding of concepts at different levels of abstraction.189

The potential benefits of multiple external representations (MERs) for learning are190

summarized in Ainsworth (1999) who argues that MERs can help learning by providing191

complementary processes and information, by constraining interpretation, and by helping to192

construct deeper understanding. However, the dosage of cognitive load of MERs upon the193

learner has to be well chosen. Using an additional representation leads to increased learn-194

ing if it is used to constrain interpretation, but results in lower learning when the additional195

representation merely complements other representations.196

Collaboration, co-location, and simultaneous interactions Tangible tabletops pro-197

vide a shared workspace for their users. Having a shared workspace helps learners be aware198

of each other’s actions, which in turn can lead to fluid collaboration and interaction (Hor-199

necker et al. 2008; Ha et al. 2006; Rogers and Lindley 2004; Hornecker and Buur 2006).200

Rogers and Lindley (2004) found that when using a horizontal display learners generated201

more ideas than when using a vertical display. Hornecker et al. (2008) compared multi-202

touch and multiple mice and found that the multi-touch condition led to more actions that203

interfere with each other, but that interference was quickly resolved, leading to higher lev-204

els of awareness between participants. Ha et al. (2006) reported a similar result comparing205

stylus, mouse, and touch input: the touch input led to a higher awareness of each other’s206

actions, but some participants expressed concern about physical interference and collisions.207

Tangibles are however not always promoting collaboration. Marshall et al. (2009) found that208

children resolved conflicts by moving physical objects out of reach and conclude that the209

tangibility of an interface can break collaboration rather than foster it. Finally, Speelpen-210

ning et al. (2011) observed that TUIs compared to multi-touch can increase the negotiation211

of objects but that usage of the interface depended greatly on group dynamics and not only212

on the type of interface213

TUIs and classroom orchestration214

The notion of classroom orchestration with a TUI in a VET context was first addressed215

by Zufferey et al. (2009) and further developed by Do-Lenh (2012), who created the Tin-216

kerLogistics described above. Do-Lenh (2012) showed that the system positively impacted217

learning in the classroom mainly through the development of appropriate orchestration218

tools. Those tools included a card with which the teacher could instantly pause the sys-219

tem of all the groups and a large display on the wall showing the progress of each of the220

groups. The pause card allowed the teacher to quickly get the attention of all the students,221

whereas the board allowed him to monitor all the groups from a distance. Topobo (Parkes222

et al. 2008), a construction kit with kinetic memory, has also been widely deployed into223

classroom. Results of a longitudinal study showed that Topobo was especially useful in pro-224

moting collaboration and cooperation between children. Educators experiencing the use of225

this tool concluded that they needed prior training and some set of exercises prepared for226

them that matched the curriculum. A similar constructionist approach is used by Blikstein227

(2008). The basic idea behind his work is to allow students to explore electronic concepts in228

the context of the classroom with material that match their every day life and socioeconomic229

background. This approach was used successfully in several classrooms in Brazil.230

The TUI presented in this paper, TapaCarp, was previously tested in the classroom as231

well (Cuendet and Dillenbourg 2013). TapaCarp was designed in a participatory way with232

carpentry teachers and apprentices, with the goal that it should be integrated in existing233
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pedagogical practices at the school. The system was tested in the classroom regarding the 234

usability and the learning performance. Results on usability were globally positive and 235

showed that there was potential for such a system in a classroom. As a result of this 236

study and other similar ones, Cuendet et al. introduced 5 design principles to reduce the 237

orchestration load (Cuendet et al. 2012a): integration, flexibility, empowerment, awareness, 238

minimalism. Their definition is shown in Table 1. 239

The integration of TapaCarp into existing practices and activities followed a request from 240

the teacher and allowed TapaCarp to be accepted and deployed in the classroom. However, 241

the activities done with TapaCarp were so close to the ones done in the regular curriculum 242

that one can wonder if TapaCarp was really a valuable contribution. If the activities are so 243

similar, why could they not be done without TapaCarp? Could it not be more valuable to 244

use TapaCarp and its unique features to design new pedagogical scenarios that could not be 245

achieved without it? These questions led to the design of a new learning activity with the 246

aims to fit into the particular context of carpenters’ vocational training while keeping the 247

orchestration load low. The next section describes the activity in more detail, as well as the 248

study in which it was evaluated. 249

Experiment and method 250

Activity 251

Context and goal 252

A key element in carpentry is the competency to read and write plans. Plans tell carpenters 253

how to cut the beams and how to put them together. On a construction site, the plan is the 254

only reference and communication means between all stakeholders. Currently, carpenter 255

apprentices develop reading and writing plans skills during drawing classes at school. The 256

plans used in these classes serve mainly as a technical exercise and a means of assessment 257

for the teacher. The objects they feature do often not have any carpentry meaning, but are 258

instead abstract shapes (such as a truncated pyramid) that are used because they allow to 259

highlight a particular geometrical difficulty. Moreover, these plans are (usually) not used to 260

build an object. This is justified by the limited time available in the classroom and by the 261

absence of a workshop in it, but is nonetheless different from the workplace, where the plan 262

is a means to the creation of an object rather than an end in itself. 263

Table 1 The 5 design principles from Cuendet et al. (2012a) t1.1

t1.2Integration Orchestration load decreases if the learning environment is integrated in the workflow.

t1.3Empowerment Orchestration load decreases if the learning environment allows the teacher to keep

t1.4a central point in the classroom interactions when it is necessary.

t1.5Awareness Orchestration load decreases if the learning environment provides the teacher with

t1.6permanent awareness of the state of all students in the class.

t1.7Flexibility Orchestration load decreases if the learning environment is flexible enough to adapt the

t1.8activities to the evolution of the scenario (e.g. the state of students, the time remaining)

t1.9and to accommodate unexpected events.

t1.10Minimalism Orchestration load decreases if the learning environment does not provide more

t1.11information (and functionalities) than what is required at a given time.
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Making a connection with the workplace is a key constraint of the VET dual carpenter264

apprenticeship system. The main goal of the activity presented in this article is to match265

this constraint while also respecting the usual extrinsic constraints linked to the classroom266

(time, space, noise, etc.). For example, bringing a band-saw in the classroom is not an option267

(noise constraint). Neither is asking carpenters to work on real-world objects over several268

weeks and cut them in their company workshop (time constraint).269

The activity creates a connection to the workplace by giving the plan the same role it has270

at the workplace: a means of communication and action. It includes the full workflow of car-271

pentry, from the design of the object to the production of its final physical artifact, but does272

not require a full-fledged workshop. Importantly, although its duration varies depending on273

the apprentices’ level and on the difficulty of the objects at hand, it should be feasible in a274

lesson’s time (45 minutes). It therefore meets the “workplace” constraint while not breaking275

the time constraint (Fig. 2).
Q4

276

Besides meeting constraints, the activity should (obviously) also help carpenters learn.277

Here are some reasons why this should be the case. First, the activity includes the entire278

workflow of carpentry in a short period of time, which should allow apprentices to make279

a link between the various steps of their work (drawing, marking out the wood, cutting).280

Second, performing both a school activity (drawing) and creating a final object as done at281

the workplace helps them link the workplace and the school. It allows them to make sense282

of what they learn, which is commonly referred to as meaning-making (e.g. Suthers 2006).283

Third, the confrontation created by the SWISH scenario (described below) should benefit284

learning (e.g. Butterworth and Light 1982; Vygotsky and Cole 1978), by forcing them to285

find the source and cause of a mistake and to negotiate until they agree. Finally, the class286

debriefing allows them to learn from their own and their peers’ mistakes and to learn by287

inducing rules from a selected set of objects (contrasting cases, Schwartz et al. (2011)).288

The collaboration between students is designed according to the “Split Where Interaction289

Should Happen” pedagogical script (SWISH, Dillenbourg and Hong (2008)). The idea of290

SWISH is to split a task between group members, thereby forcing students to interact with291

each other to complete the task. Learning results from the effort to build a shared solution292

and understanding.293

In a carpentry company, the plan is made by a specialized carpenter. The other carpenters294

must then interpret the plan and mark out the wood to indicate how it must be cut. This is295

therefore a natural point for the SWISH, and we chose to put the split on the transition from296

the plan to the marked out object.297

Description298

The activity is composed of two phases. The first phase involves a pair of students at a time299

and is composed of 5 steps, described in more detail below and summarized in Table 2;300

U
se

r 
A

U
se

r 
B

Discussion
between

both users

Object 1

Object 1

Object 2

Object 2

Fig. 2 A graphical representation of the SWISH script
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Table 2 Description of the first phase of the activity. The bold line marks the split of SWISH t2.1

t2.2Step Name Description Timing

t2.31 Cut object virtually Using TapaCarp, define cutting planes. 5–15’

t2.4Print plans The three orthographic projections of the object are

t2.5printed on an A3 sheet of paper. The views include the

t2.6cutting planes done in step 1. All printed lines are

t2.7stipple and very light. 2’

t2.82 Improve plans The apprentice must improve his own plan so that it is

t2.9understandable by his colleague. 5–15’

t2.10←→ Exchange plans The plans of the students are exchanged. –

t2.113 Mark out block Based on the plan received from his colleague, the

t2.12apprentice marks out a block. 5–10’

t2.134 Cut block Based on the marks he made, the apprentice cuts the block. 5’

t2.145 Within group peer assessment The two apprentices are brought together to compare the

t2.15objects. 10’

most of them are also illustrated in Figs. 3 and 4, and in Video 11. The second phase is a 301

class debriefing (Fig. 4). 302

1. Cutting the object with TapaCarp The apprentice is prompted with a perspective 303

view of the object he has to cut (one of the objects shown in Fig. 5). This object is different 304

from the one given to his partner, and an apprentice has no knowledge of the object given 305

to his partner. The perspective view given to them does not include any dimensions. The 306

apprentice must therefore place the position and orientation of cutting planes so that the 307

general shape of his object will resemble the object shown to him, but cannot be blamed for 308

small inaccuracies. At the end of this step, the plan is printed. 309

2. Improving the plan The printed plan displays the cuts made on TapaCarp, but in a 310

“dumb” way: all the cuts are transverse to the object and are displayed with light stipple 311

lines. That is, the machine does the tedious job of creating a draft of the three orthographic 312

projections with the right dimensions, and it is the student’s job to decide and indicate what 313

line should be solid, stipple, or simply non existing. These line properties provide necessary 314

information to make out the shape of the object. An example of a raw plan is given in Fig. 315

6a with the corresponding plan improved by a student (Fig. 6b). 316

3. Marking out the object After they have been improved, the plans are exchanged. 317

Based on the plan received, the student marks out a polystyrene block so that he can cut it 318

(Fig. 3c). A key aspect of the activity is that the two apprentices paired together are working 319

on two different objects and have no knowledge of their partner’s object. They do not know 320

what the shape of their partner’s object is, and the only way for them to determine this is 321

through their partner’s plan. 322

4. Cutting the block Each student cuts out the object he has marked out, using a hot wire 323

cutter and/or a utility knife (Figs. 3e and 3d). 324

1http://www.youtube.com/watch?v=1S3gURKUjSA

http://www.youtube.com/watch?v=1S3gURKUjSA
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(a) Cut object virtually with TapaCarp. (b) Plan improvement.

(c) Marking out the block. (d) Knife cutting. (e) Hot wire cutting.

(f) Group discussion. (g) Debriefing preparation.

Fig. 3 Steps of the first part of the activity

5. Within group peer assessment Pairs meet with their objects and plans and compare325

the objects with the printed perspective view that served as a prompt (Fig. 3f). A double-326

sided A4 paper sheet that shows a perspective view of the desired object as well as the327

correct three orthographic views supports the discussion. The evaluation is done mostly328
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Fig. 4 The second part of the activity: class debriefing

graphically by circling the differences between the produced object and the desired one. For 329

each mistake they find, both students must agree on where the mistake stemmed from (the 330

plan or the cutting), and must explain the reason of the mistake and how it could be avoided. 331

After all groups have completed these 5 steps in the first phase, the teacher collects all 332

plans and objects and evaluates their accuracy, i.e. their ressemblance with the initial object. 333

Then, all apprentices come together for a class debriefing where the teacher discusses typ- 334

ical errors on the plans and on the objects with the apprentices and together they identify 335

solutions for avoiding those mistakes.

Q5

336

(a) P01 (1/2) (b) NP01 (5/1)

(c) P02 (2/6) (d) NP02 (6/5)

Fig. 5 The four objects that the participants were asked to reproduce. The name of the object indicates
whether it was plausible (P) or non-plausible (NP), and whether it was used on the first (01) or second day
(02). The numbers in parentheses are the plausibility and difficulty scores, respectively



EDITOR'S PROOF JrnlID 11412 ArtID 9213 Proof#1 - 21/04/2015

UNCORRECTED
PROOF

S. Cuendet, et al.

(a) The plan saved.

(b) The plan once printed and improved by the apprentice.

Fig. 6 The plan (a) saved by TapaCarp; (b) the same plan improved by an apprentice
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Class debriefings 337

Class debriefings were prepared by the teacher, with the help of a researcher, by examining 338

the objects and the plans produced by the apprentices (Fig. 3g). All the objects – each object 339

together with its plan and the group discussion sheet – were placed next to each other. They 340

were sorted by object type, and then by correctness. The teacher made a list of points to 341

discuss based on the objects produced by the apprentices with the help of the researchers. 342

This is important: although some general points came up in each of the debriefing sessions, 343

each debriefing session was unique because it was based on the objects produced by the 344

apprentices, and the mistakes that they made. The teacher led the debriefing session and 345

engaged apprentices by asking them questions. 346

The class debriefing is a key part of the activity. The students receive a feedback on their 347

performance and get the explanations on why they failed, if they did. Even if they do not, 348

they do reflect on the mistakes made by others. However, it is also a difficult activity for 349

the teacher, because he has little time to prepare it. He also needs to adapt his message as 350

much as possible to what the students have done because a tailored feedback is what helps 351

the students understand their mistakes and build their knowledge. 352

Research questions 353

The main purpose in designing the new activity was to bridge the gap between the school 354

and the workplace while keeping it usable in the classroom. This can be translated into the 355

following research questions: 356

• Does the activity help create a connection with the workplace context? 357
• Is the activity usable in a classroom environment? 358

Measuring learning was not the foremost goal of this study: the environment is not con- 359

trolled, the number of concepts to learn is large given the short activity, and time to assess 360

learning is limited. Nevertheless, this is a learning activity and we must try to assess learn- 361

ing. Additionally, we also study the impact of plausibility of objects on the learning gain. 362

Working with plausible objects may be more motivating and seem more relevant, but might 363

also be easier, thereby reducing the learning gain. This leads to the two following secondary 364

research questions: 365

• What is the impact of the activity on the learning performance? 366
• Are plausible objects more efficient for learning than non-plausible ones? 367

Tapacarp 368

TapaCarp, is a top-down camera-projector tabletop system. The projection area is about 369

50 cm by 70 cm. Users interact with the system by manipulating objects equipped 370

with fiducial markers. These objects are tracked by the system thanks to a tag track- 371

ing library (Bonnard et al. 2013). and are the tangible interface through which users 372

interact with the system. More information on TapaCarp and its design can be found in 373

Cuendet (2013). 374

For this activity, the interface given to the apprentices was composed of a polystyrene 375

block, two “selectors”, one token, and five cards (Fig. 7a). Using this interface, the users had 376

to create virtual cuts in the polystyrene block. To do so, they positioned the cutting plane 377

around the polystyrene block using the two selectors (Fig. 7b), and adjusting its orientation 378
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(a) Interface items for the activity. (b) Using selectors to position
the cutting plane.

(c) Orienting the cutting plane
by turning the token.

Fig. 7 The components of the interface, and the manipulations of the cutting plane

by turning the wooden token (Fig. 7c). The cards are used to utter actions, such as validating379

or removing a cut.380

One of the researchers kept some cards: the cards to quit the activity and launch the381

activity, and the card to print the plans (shown on the right in Fig. 7a). The card to print the382

plans terminates the activity and creates a file containing the orthographic projections of383

the cuts done by the student (Fig. 6a). The typical display of the interface for this activity is384

shown in Fig. 3a. The block is placed on the left side slightly above the horizontal median of385

the workspace. Below the block, a summary of the cuts made so far, as well as information386

about the current cut, are displayed. On the right of the block, a preview of the block is387

shown that includes the cuts already made and the one being made. On the bottom right, the388

object as it would be cut by the current cut is shown. The lower central area is left blank so389

that users can manipulate the cards and the token there.390

Participants391

Forty second-year carpenter apprentices, spread over three classes, participated in the study392

which took place at the practical school. Apprentices typically work in pairs at school and393

these pairs were kept for the study. The apprentices were rewarded for their participation394

with a chocolate bunny. Because the testing material was designed specifically for this395

experiment, a fourth class composed of fourteen second-year apprentices took the pre-test396

and post-test to control for potential levels of difficulty between the two tests. These par-397

ticipants simply took the pre-test and post-tests, and were given a one hour drawing task in398

between the two tests. We refer to them as the control group.399

In the control condition, because the apprentices simply took the test, the teacher did not400

play any significant role. In the experimental condition, students work on their own under401

the technical supervision of two researchers. The teacher, who was also taking care of the402

rest of the class, was present about half of the time. He prepared the classroom debriefings403

with the two researchers and conducted them on his own.404

Flow of the experiment405

The study took two days for each of the three classes. The first day, the two experimenters406

explained the global flow of the study (1 minute), demonstrated the use of TapaCarp (3407

minutes), and administered a pre-test (15 minutes). Pairs of apprentices went through the 5408

steps of the group activity phase consecutively. When all pairs had finished, the teacher and409
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the two experimenters prepared the class debriefing session (10 to 15 minutes). The appren- 410

tices were then brought back in for the debriefing session (no time constraint imposed, but 411

ended up lasting between 10 and 20 minutes). The procedure during the second day was 412

similar to the first day, except that the objects were more complex, the debriefing session 413

was followed by the post-test, and there was no pre-test in the morning. 414

Tests 415

The questions in both tests were of the same kind but with a different object. All questions 416

were built around an object, and there were 4 questions per object. The first and second 417

question tested the ability to match the three orthographic projections with a perspective 418

view and to correct them if a view was wrong. The third question asked whether all three 419

views were necessary to be able to cut the object. The last question showed how the object 420

had been cut based on the plan given in question 1, and asked whether the object was correct. 421

If not, participants were to tell whether the mistake came from the plans or from the cuts. 422

Material 423

The objects that the participants had to reproduce are shown in Fig. 5. There were four 424

objects in total: (a) and (b) were used on the first day of the experiment, and (c) and (d) 425

on the second day. The objects were classified into one of two categories according to 426

their degree of plausibility: (a) and (c) are plausible, whereas (b) and (d) are non-plausible. 427

Plausible objects are those that carpenters could expect to find in the real world, typically a 428

house-like shape. Non-plausible objects, are objects that are not necessarily more difficult 429

to create, but whose shape would seem less natural in the construction world. These objects 430

will be referred to as <plausibility><day of use>, e.g. P01 for the plausible object of the 431

first day, or NP02 for the non-plausible object of the second day. 432

To determine the plausibility of objects, 13 objects were rated by 10 persons from our 433

laboratory on a plausibility scale from 1 (plausible) to 7 (non-plausible at all). The plau- 434

sibility was then defined as the median of all the ratings. Besides, a difficulty score was 435

computed which considered the following criteria: the number of cutting planes; the num- 436

ber of axes of the cutting planes (i.e. the number of cutting planes not parallel to each other 437

or to an edge of the object); the number of non-transverse cut; the number of new edges 438

(created by a cut) not parallel to any other edges of the objects. The final difficulty score 439

was normalized to range on a scale from 1 to 7. 440

The four objects chosen for the experiment were two objects with low difficulty for the 441

first day, and two objects with a higher difficulty for the second day. On each day, one 442

object had to be plausible while the other had to be non plausible (see Fig. 5; plausibility 443

and difficulty scores are shown in parentheses). 444

The participants were randomly assigned to the objects on each day and we tried to 445

balance them between the 4 possible combinations (P01/NP02;NP01/P02;P01/P02;NP01 446

/NP02). 447

Data collection 448

Data were collected in various ways. The plans, final objects and group self-assessment 449

sheets were kept for later analysis. All the manipulations done on TapaCarp were saved into 450

log files. TapaCarp’s camera was also used to save one snapshot of the student’s workspace 451

every second. The group peer assessments and the classroom debriefings were audio and 452
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video recorded using a Sony Bloggie video camera equipped with a fisheye lens. Semi-453

structured interviews were conducted with the teacher at the end of each day and students454

were asked for a global feedback on the activity after the class debriefing. Observations455

were also made by the two researchers that were in the classroom.456

For the statistical analysis, we checked that the variances of the various groups were457

homogeneous (homoscedasticity) and that the data were normally distributed, by using458

Bartett’s and Shapiro’s tests, respectively, and plotting the quantile-quantile (Q-Q) plot

Q6

459

(Fig. 8).460

Results461

Usability of the activity462

The activity “worked well“. All apprentices were able to complete the activity within 45463

minutes on the first day and less than 40 minutes on the second day. In general, two or three464

groups worked simultaneously (each at a different stage of the activity). This allowed the465

entire activity, including the class debriefing, to be done in half a day.466

There was great variability among apprentices in the usage of TapaCarp on the first day467

(they were using it for the first time). Most of them had no problem using it but two of468

them had to start over once. The apprentices had no problem understanding the rest of the469

activity (drawing, cutting, discussing). The apprentices worked independently and quietly.470

The idle time was in general short except in a few cases where one apprentice had to wait471

a few minutes for his partner to finish drawing the plan before being able to continue. The472

difference in time completion was due to difficulty with TapaCarp or to a level difference473

between students.474

The main difficulty was with the group discussion: some pairs started heated discussions475

right away, inspecting the objects and noticing every minor mismatch with the original476

prompts, while others did not see any problems (even when the manufactured object had477

major flaws) and only started talking after a researcher prompted them to do so.478

The informal feedback gathered from students was largely positive. They reported liking479

working in pairs and having to comment on each other’s work and using this “cool technol-480

ogy“. Only two apprentices said they did not understand why this technology was used and481

that they would rather draw the plan directly instead of first designing it with TapaCarp.482

Fig. 8 The physical organization of the classroom in stations increases awareness.



EDITOR'S PROOF JrnlID 11412 ArtID 9213 Proof#1 - 21/04/2015

UNCORRECTED
PROOF

An integrated way of using a tangible user interface in a classroom

Artifact analysis 483

The correctness of the objects produced serves as an indicator of the performance. The 484

correctness of the object was scored according to four levels: the object did not resemble 485

the target object at all (score: 1); the object had one major mistake but the object could 486

be recognized (2); the object was mostly correct, but contained some inaccuracies (3); the 487

object was correct. The scoring was done by two researchers (4). 488

The details of the correctness score are shown in Table 3. The global correctness score 489

was 2.76 and was similar on both days (2.8 on the first day and 2.73 on the second one). The 490

global score between the plausible and non-plausible objects was also similar overall (2.73 491

for plausible versus 2.8 for non-plausible). However, the average score differed depending 492

on the objects: NP01 and P02 had a score higher than 3 on average, whereas the two other 493

objects had an average score of 2.35. While the average correctness hints that there was 494

not a big difference between the two days, the distribution of the results tells a different 495

story. As can be seen in Fig. 9, which shows the distribution of the correctness for each 496

of the four objects, objects that had a similar average correctness score did not necessarily 497

show a similar correctness pattern. NP02 was the only object that had scores ranging from 498

completely wrong to completely correct. None of the groups managed to build P01 correctly, 499

while P02 was never completely wrong, and NP01 was either correct or contained only 500

minor mistakes. 501

The objects for the second day were more difficult, and the similarity of the performance 502

on both days suggests that the apprentices performed globally better on the second day. 503

Looking at the number of correct objects produced (those with a score of 4) corroborates this 504

observation: 13 correct objects were built on the second day versus only 5 on the first day, 505

and this despite the higher level of difficulty. This is a significant difference (F[1,78]=4.74, 506

p=.03). 507

Class debriefings 508

Each class had two debriefing sessions, one at the end of each day. In total, for the three 509

classes, 6 debriefing sessions took place. Each of them lasted for 12 to 20 minutes (no time 510

Table 3 Details of the correctness of the objects and the plans t3.1

t3.2Object correctness score Plan

t3.31 2 3 4 average # correct

t3.4P01 1 11 8 0 2.35 1

t3.5NP01 0 0 15 5 3.25 5

t3.6P02 0 6 6 8 3.1 6

t3.7NP02 8 2 5 5 2.35 4

t3.8plausible 1 17 14 8 2.73 7

t3.9non-plausible 8 2 20 10 2.8 9

t3.10day 01 1 11 23 5 2.8 6

t3.11day 02 8 8 11 13 2.73 11

t3.12overall 9 19 34 18 2.76 16
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Fig. 9 Correctness score by object.

limit was imposed) and involved all students of a class simultaneously. The researchers did511

not intervene, unless asked a direct question by the student or the teacher (this happened512

in two sessions). While all the sessions were different from one another, the same subjects513

came up in several sessions, as shown in Table 4.514

Lack of observation515

One subject that was mentioned on each of the first day sessions was the lack of observation.516

Only 5 out of 40 objects were completely correct, and the cause for most of the mistakes was517

in the interpretation of the prompt object. The teacher pointed out that, despite the absence518

of dimensions – the reason given by students to justify this kind of mistakes – they should519

be able to observe and reproduce an object accurately.520

Link with workplace and plan design521

The teacher made links with the workplace very frequently in each session. For instance,522

about the lack of dimensions, he said: “When the client comes to your company, he comes523

with an idea. Even if he puts dimensions, they might be vague. We have to interpret so that524

the final object satisfies the client’s requirements. So in this activity you have to analyze and525

observe what you see.” He even did so with drawing practices. When he asked why they had526

drawn all three orthographic projections of an object (two only were necessary), students527

said “this is how we have learned to do it in the drawing class”. The teacher then pointed528

Table 4 Summary of the subjects discussed in each of the debriefing session. The name of the session is the
class identifier followed by the day of the session

t4.1
t4.2

t4.3 A-01 A-02 B-01 B-02 C-01 C-02

t4.4 lack of observation � � �
t4.5 plan design � � � � �
t4.6 link with workplace � � � � � �
t4.7 plan reading � � � � �
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out that when they draw a hip rafter at work, they only draw two views. Many of the links to 529

the workplace came up when discussing the importance of the plan in the real world. Four 530

main areas were pointed out: to include only the necessary information, to respect drawing 531

conventions, to be consistent, and the importance of the plan as a means of communication. 532

Plan reading 533

Although most of the mistakes came from the plan, some correct plans also led to wrong 534

objects. The teacher reminded his students that “you do not interpret a plan, you read it”. He 535

made the link with the drawing classes that they attended in school and recommended that 536

they use this knowledge to apply a structured step-by-step approach to mark out the object 537

and cut it. 538

Tests performance 539

There was no significant learning gain difference between the control and the experimen- 540

tal group (t[25]=.13, p=.89). The control group performed slightly worse at the post-test 541

(66.5 % versus 73.1 %), but this lower performance could already be observed in the pre- 542

test (52.4 % versus 59.3 %), and the relative learning gain (RLG) was comparable (28.7 % 543

versus 29.9 %). The global positive learning gain of the control group could indicate that the 544

post-test was easier than the pre-test, or that there was a learning effect due to the pre-test. 545

In any case, students were faster at solving the post-test (10 minutes on average versus more 546

than 14 minutes for the pre-test). The lack of a learning difference between the two groups 547

is obviously disappointing, because it means that apprentices who took part in our activ- 548

ity during two days did not improve more than students who did not follow any dedicated 549

training. Several possible explanations for this will be discussed below in the discussion 550

section. 551

The effect of plausibility 552

The better performance on the second day is really only noticeable for the plausible objects: 553

8 were completely correct on the second day, versus none on the first day. This improvement 554

is quite compelling given that P02 was more difficult than P01. Its cause could be that 555

apprentices learned the task or that they learned a skill, or both. Whatever the reason, it is 556

interesting to identify whether it came from the plans or from the cutting. The source of the 557

error can be on the plan, on the cut, or on both. Table 5 shows the source of the error for 558

each object. For plausible objects, the reduction of mistakes between day 1 and day 2 came 559

mostly from better plans (17 plan mistakes on day 1 versus 8 on day 2). 560

Table 5 Source of errors for each type of object t5.1

plan cut shared total

P01 17 0 3 20

P02 8 3 1 12

NP01 14 0 1 15

NP02 7 3 4 14
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It is harder to assess the performance evolution for non-plausible objects. On the one561

hand, the total number of mistakes remained similar and the number of fully correct objects562

was equal on both days. On the other hand, the average correctness score went down by563

almost a point between day 1 and 2. More specifically, all NP01 objects were correct or564

contained only a small mistake, whereas on the second day half of the objects were signif-565

icantly wrong (8 objects were completely wrong and 2 contained a major mistake). This566

hints that the gap in the task difficulty between two objects was bigger for the non-plausible567

objects than for the plausible ones.568

One explanation is that the criteria used to assess the difficulty level of an object do569

not capture everything related to the difficulty level. While this is possible, it is hard to570

find additional criteria that could reflect better this gap of difficulty. A more likely expla-571

nation is that there is an interaction effect between the plausibility and the difficulty of572

an object: once a certain level of difficulty is crossed, the plausibility becomes a crucial573

factor. This can be seen with the plans of the two difficult objects (Fig. 10). Although574

there were fewer cuts on NP02 than on P02, the P02 plan (Fig. 10a) is easier to interpret575

for a human brain that has been trained to read plans of houses than the plan of NP02576

(Fig. 10b).577

When asked about their strategies to create a correct object, successful groups said that578

they had to imagine how the three views would look like based on the perspective view.579

During a class debriefing, two apprentices explained that they made sense of plans that580

had many cuts by creating a mental model of the object; they added that making a mental581

model of a house was easier than making one of an object that is unfamiliar. In other words,582

Fig. 10b by itself is hard to decipher, but once one knows what NP02 looks like, it is not583

more difficult to create than P02. This could explain why the objective criteria did not cap-584

ture accurately the difficulty level: only criteria related to the number and nature of cuts were585

taken into account. These might be valid criteria for computers, but for humans the plausi-586

bility of the object should be factored into the difficulty score, because the first step made587

by humans when solving such a problem is to try to imagine the 3D representation of the588

object.589

(a) P02 (b) NP02.

Fig. 10 Orthographic projections for the objects of the second day
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Discussion 590

The goal of this study was to assess the new learning activity designed with TapaCarp and to 591

do it in a classroom environment. We aimed to test the usability of the activity and whether 592

it helped create a connection to the workplace. Additionally, we also sought to examine 593

the learning performance of students and whether varying the plausibility of the objects 594

influenced learning. We now discuss these four aspects in light of the results reported above. 595

Usability of the activity 596

As explained in the introduction, one worry when introducing technology in the classroom 597

is the potential increase of the orchestration load. We use Cuendet et al.’s 5 design principles 598

to analyze the impact of the activity on the orchestration load. 599

The integration principle was, by design, only partially respected. The activity was 600

meant to be of a new sort, using technology for part of it and integrating with existing prac- 601

tices (e.g. drawing plans on paper) for the rest. It nevertheless succeeded in integrating into 602

the larger context of dual training by being executable within a day and connecting a school 603

activity with the workplace (see next section). 604

Having to pair students and the SWISH script limited flexibility. This manifested when 605

some students were faster than their partner and had to wait several minutes without work 606

to do. On the other hand, there was a lot of flexibility for the teacher in analyzing and 607

organizing the artifacts for the debriefing session. Objects were easily compared and when 608

mistakes were made, the teacher could easily identify their source by having both the plan 609

and the group debriefing session close to it. 610

Empowerment was obvious in the class debriefings. The teacher had the full attention 611

of the students who were eager to understand their mistakes. During the activity, the print 612

card was not given to the students, forcing students to call the teacher before they could 613

print their plan and therefore empowering him. In contrast, the need for a mediator to foster 614

comparison during the group peer assessment indicates that in the absence of a mediator, an 615

empowerment mechanism would probably be required for this part of the activity. 616

The physical organization of the classroom ensured great awareness for the teacher: he 617

could see where students were in the workflow of the activity, as can be seen in Figure 8. 618

Awareness was also high during the classroom debriefing with all the objects readily visible 619

and reachable. 620

Finally, a special effort was made to keep the number of features and objects minimal in 621

the TapaCarp interface. This enforcement of the minimalism principle paid off, as only two 622

students had trouble with the interface. Globally, TapaCarp was also used in a minimalist 623

way, much of the activity being done without it. This ensured smooth transitions between 624

the various stages of the activity. It also helped introduce TapaCarp to the students and 625

avoided a startling effect for some students afraid of technology. 626

Overall, the 5 design principles were well respected and the classroom orchestration load 627

was kept low, indicating that the usability of the activity was high. 628

Connections with the workplace 629

One of the goals of this activity was to connect the school activity with the workplace. 630

Apprentices did not make connections with the workplace during the execution phase of the 631

activity (at least not explicitly). However, during the reflective phases of the activity, and 632



EDITOR'S PROOF JrnlID 11412 ArtID 9213 Proof#1 - 21/04/2015

UNCORRECTED
PROOF

S. Cuendet, et al.

especially during the class debriefings, many connections to the workplace were triggered633

by the teacher and led to meaningful discussions about the workplace.634

As mentioned in the results section, the links that the teacher made revolved around four635

subjects: to include only the necessary information, to respect drawing conventions, to be636

consistent, and the importance of the plan as a means of communication. Having the objects637

readily at hand allowed him to give concrete examples of what he was explaining.638

Although this is hard to measure, there are signs that this class debriefing participated639

in an important meaning-making process for the apprentices. One indication that this hap-640

pened is that apprentices paid attention to the points made by the teacher and did not repeat641

(or less often) the same mistakes on the second day. For example, the number of plans with642

inconsistencies decreased between the first and the second day. Apprentices did not ques-643

tion the validity of the activity, whereas the teacher had previously told us that they had644

repeatedly questioned the usefulness of the drawing activities.645

One thing that could be improved in the future is to have apprentices come up with646

connections to the workplace on their own. For example, during the group peer assessment647

phase, if the object produced has mistakes they could be asked to very briefly describe a648

situation at work in which they faced a mistake that was similar to the one they spotted.649

Alternatively, one could also wrap the activity in a scenario in which one apprentice is650

the client and the other one the carpenter, with the hope that they would naturally replay651

situations they experienced at work.652

Learning gain653

Learning was measured in two ways: with the pre-test and post-test, which showed no654

significant difference between the experimental group and the control one, and by a task655

performance measure (assessing the evolution of the quality of the artifacts produced on656

both days), which did.657

The activity was rich and made apprentices work on several competencies. Yet, because658

of a limited amount of time, the tests could only assess some precise competencies. The659

richness of the class debriefings indicates that many aspects in relation to understanding660

a plan were addressed, and it may therefore be that the apprentices developed other skills661

that were not captured in the post-test. It may also be that some competencies, even if662

addressed and tested, need more time to develop, and that an effect could only be observed663

over a longer treatment. A third explanation is that the test questions might not have been664

discriminative enough to distinguish finer nuances in learning.665

These explanations are corroborated by the fact that a more performance-based mea-666

sure of learning indicated that learners progressed: substantially more artifacts were built667

correctly on day 2 compared to day 1, despite more difficult tasks on day 2. A longer inter-668

vention may have shown further improvements because of more exposure to the learning669

material but also because the activity may have been more rehearsed by then. This hints670

to a sixth design principle (in addition to integration, flexibility, empowerment, awareness,671

and minimalism): rehearsal. In order to be effective, an activity should be rehearsed several672

times, by both the teacher and the learners. This will need to be confirmed in the future.673

The effect of plausibility674

There was progress between the first and second day in the quality of the artifacts pro-675

duced. In particular, fewer plans with inconsistencies were drawn and more correct objects676

were created on the second day, despite the higher complexity of objects on the second day.677
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The improvement was more evident on the plausible objects, which indicates that for com- 678

plicated objects, plausibility plays a key role: the more plausible an object, the easier it is 679

to imagine, even though objective criteria might deem the two objects of equal difficulty. 680

However, the limited number of objects does not allow us to draw strong conclusions, and 681

further testing with a greater variety and number of objects would be needed to confirm the 682

effect of plausibility. 683

Limitations 684

Although measuring learning was not the main goal of this study, the lack of a learning effect 685

on the pre-test and post-test measures is disappointing. There are three main challenges in 686

better capturing learning impact of the activity presented in this article. First, learning is 687

extremely rich and hard to measure in short tests, and longer tests are not an option due to 688

the limited classroom time available. Second, a longer treatment would be required to see 689

an effect. Third, test performance depends on the motivation and state of mind of students, 690

which vary substantially and are hard to monitor. A longer use of TapaCarp and a longer 691

and more varied evaluation phase would be needed to assess the exact impact of TapaCarp 692

on learning. 693

The single deployment also makes it difficult to judge how the activity would work in 694

different contexts. We only worked in one school, with one teacher, and 3 classes. 695

In the study reported here, researchers helped the teacher run the activity. This is not 696

required by the activity, which could be run by a single teacher, but was necessary because 697

the teacher was not familiar with the activity itself and with the TapaCarp system. Having 698

the activity be run solely by the teacher would require a deeper training on the usage of 699

TapaCarp. 700

Conclusions 701

A novel classroom learning activity was presented that aimed to bridge the gap between the 702

classroom and workplace environment in a dual carpentry apprenticeship while keeping the 703

orchestration load low. A tangible user interface, TapaCarp, served as a necessary launchpad 704

for the activity, but was only used for the first part of it. 705

The activity respected 5 design principles known to reduce orchestration load and its 706

usability was high. The class debriefings, based on the artifacts created by the apprentices, 707

allowed the teacher to touch upon many practical points and make frequent connections 708

to the workplace, thus participating in a meaning-making process for the apprentices. 709

Although the test measures did not show any learning gain, the activity was rather suc- 710

cessful: the performance improved from the first day to the second day of the activity, the 711

teacher was enthusiastic, and both the apprentices and the teacher showed a high engage- 712

ment. Varying the plausibility and difficulty of the objects indicated that once a certain level 713

of difficulty is crossed, a higher plausibility leads to a higher rate of success. This is of 714

interest for the design of future learning material. 715

This study extends our first deployment of TapaCarp in a classroom (Cuendet and Dillen- 716

bourg 2013). The main difference in this second study is that we designed a new pedagogical 717

scenario instead of integrating TapaCarp in existing pedagogical practices. We focused 718

on designing a meaningful activity for carpenter apprentices and sought to use TapaCarp 719

only when it had an added value. As a result, only a small part of the activity was done 720

with TapaCarp, while the rest of the activity used techniques and processes that appren- 721

tices already knew. This mix of technical novelty and usage of existing techniques allowed 722
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for a high usability of the activity and both the teachers and the apprentices showed high723

engagement and gave positive feedback.724

The design of this activity has convinced us that the way to integrate computer technol-725

ogy in classrooms should be to mix it with existing practices instead of replacing them.726

We found the concept of classroom orchestration and thinking about extrinsic constraints727

an excellent way to achieve this, and would like to encourage other researchers to develop728

learning activities along these lines.729
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