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1 A Novel Tangible Interaction Authoring Tool
2 for Creating Educational Activities: Analysis
3 of Its Acceptance by Educators

4 Ver�onica Artola, Cecilia Sanz , and Sandra Baldassarri , Senior Member, IEEE

5 Abstract—The creation of applications based on tangible
6 interaction (TI) applications, particularly on tabletops, is a
7 developing area that requires the collaboration of professionals
8 with expert knowledge in specific domains. Having an authoring
9 tool that facilitates interdisciplinary intervention in the design and

10 implementation of such applications is a current challenge to bring
11 TI to different contexts. This article presents an authoring tool
12 (named EDIT) and analyzes its acceptance by educators for
13 creating educational activities. The novelty of the tool lies in the
14 possibility of creating projects with a schedule of educational
15 activities, sequenced as required for a group of students. In
16 addition, it has specific characteristics for the educational scenario,
17 such as the personalization of feedback and the meta-annotation of
18 projects. Sessions were held with educators (n ¼ 38) to analyze
19 variables related to the Technology Acceptance Model (TAM)
20 (such as perceived usefulness and perceived ease of use) when
21 creating TI educational activities on tabletops using the EDIT tool.
22 The sessions were observed and recorded on video, and a Focus
23 Group was held afterward. During the sessions, educators gave a
24 positive assessment in relation to using this type of tool. It was
25 observed that, in general, they find TI valuable mostly for working
26 with children. Finally, the results showed a high acceptance
27 obtained from the TAM and the novel features of EDIT were found
28 to be useful.

29 Index Terms—Authoring tool (AT), human–computer inter-
30 face, tangible interaction (TI), teaching/learning strategies.

31 I. INTRODUCTION

32 TANGIBLE Interaction (TI) applications are those that

33 allow users to interact with digital information using

34 everyday physical objects, which can result in more intuitive

35 and effortless use of Information and Communication Tech-

36 nologies (ICT) [1], [2]. The benefits of TI applications for

37learning processes are mainly related to physical manipulation

38[3], [4]. The intrinsic educational value of physical manipula-

39tion in learning dates back to the designs of Froebel [5], [6]

40and Montessori [7], [8] that promote learning through discov-

41ery and play [9]. In [10], it is mentioned that Bruner et al. [11]

42and Piaget [12] emphasized the importance of the use of the

43body and the interaction with physical materials for cognitive

44development and learning in children. Other works such as

45those mentioned in [10], [13], and [14] focus on the opportunities

46provided by TI applications to approach abstract concepts using

47physical manipulation in combination with digital information.

48In this context, the benefit of physical materials is related to the

49use of mental images formed while working with them, which as

50a whole can guide problem solving and the approach to abstract

51concepts in areas such as music, programming, biochemistry, or

52mathematics [4]. In [15], [16], [17], [18], and [19], contributions

53in solving abstract scientific problems are represented. McNeil

54and Jarvin [20] state that working with tangible interfaces pro-

55vides an additional channel to transmit information and TI appli-

56cations activate the knowledge of the real world and improve

57memory through the physical actions carried out with the objects.

58Some studies focus on the use of TI specifically on tabletops (hor-

59izontal table-type surfaces that are computationally augmented),

60where the arrangement of users around a table encourages com-

61munication and favors visual contact between students and edu-

62cators while adding the benefits of the digital world together with

63multimodal interactions, immediate feedback and a high degree

64of interactivity [21].Workingwith TI applications around a table-

65top helps to perform the tasks better and increases group coll-

66aboration quality and playfulness [22]. These benefits of TI

67applications are also especially valued for students with physical,

68cognitive, or social disabilities [23], [24], [25], [26].

69In summary, the use of TI in educational activities is of inter-

70est in many disciplines. However, since its inception, the gener-

71ation of TI applications has been closely linked to Information

72Technology specialists. The creation of this type of application

73requires the collaboration of professionals with expert knowl-

74edge in specific domains, in addition to the engineering and

75computer skills involved in system development [26]. In many

76cases, communication problems between domain and technical

77experts lead to frequent design errors [28], [29]. In addition, for

78each change in the application, the domain expert must go back

79to the technical expert [28]. It is clear, therefore, that the poten-

80tial of TI technologies can be leveraged even more when

Manuscript received 24 January 2022; revised 25 May 2022 and 10 Septem-
ber 2022; accepted 16 October 2022. This work was supported in part by Proj-
ect “RTI2018-096986-B-C31” of the Spanish Government, in part by Project
“AffectiveLab-T60-20R” of the Aragon regional Government, in part by the
Project REFORTICCA of the Scientific Research Agency of the Province of
Buenos Aires (CICPBA), in part by the Project 11/F023 of III LIDI, Faculty
of Computer Science, National University of La Plata, and in part by CONI-
CET. (Corresponding author: Sandra Baldassarri.)

Ver�onica Artola and Cecilia Sanz are with III LIDI - CIC, Faculty of Com-
puter Science, National University of La Plata, La Plata 1900, Argentina
(e-mail: vartola@lidi.info.unlp.edu.ar; csanz@lidi.info.unlp.edu.ar).
Sandra Baldassarri is with the Department of Computer Science and Sys-

tems Engineering, University of Zaragoza, 50009 Zaragoza, Spain
(e-mail: sandra@unizar.es).
Digital Object Identifier 10.1109/TLT.2022.3216117

IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL. 13, NO. 00, 2022 1

1939-1382 © 2022 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See ht_tps://www.ieee.org/publications/rights/index.html for more information.

https://orcid.org/0000-0002-9471-0008
https://orcid.org/0000-0002-9471-0008
https://orcid.org/0000-0002-9471-0008
https://orcid.org/0000-0002-9471-0008
https://orcid.org/0000-0002-9471-0008
https://orcid.org/0000-0002-9315-6391
https://orcid.org/0000-0002-9315-6391
https://orcid.org/0000-0002-9315-6391
https://orcid.org/0000-0002-9315-6391
https://orcid.org/0000-0002-9315-6391
mailto:
mailto:
mailto:


IE
EE P

ro
of

81 experts in the domain, such as educators and therapists, partici-

82 pate in the process of developing TI applications [30]. In [23], a

83 set of cases related to the use of these applications in special

84 education is analyzed. In most of these cases, an attempt was

85 made to involve the participants (educators, therapists, tutors,

86 and students) in the process of creating the activity. This con-

87 text presents new challenges for TI application developers,

88 aimed at giving new opportunities for participation to domain

89 experts and offering the possibility of adapting the applications

90 developed on a case-by-case basis. Tetteroo et al. [30] describe

91 some of these challenges and provides guidelines related to the

92 interactive quality of these applications. It is in this context that

93 authoring tools (ATs) make sense, as mediators for the creation

94 of TI applications. One example of this is presented in [31],

95 where it is shown that to be able to offer truly personalized vis-

96 its to museums, it is necessary to have a system that helps

97 museum professionals create tailor-made visits that can be

98 adapted to the desires of groups of visitors and individuals.

99 Domain experts need to be involved in several of these design

100 and development tasks. Therefore, a TI AT, aimed at the educa-

101 tional field, helps to create activities that fit the specific context

102 of the educator’s work, with personalized feedback and with

103 the possibility of establishing the order in which the activities

104 will be presented [32].

105 On the basis of these ideas, in this study, two research ques-

106 tions were initially formulated (Q1 and Q2), which guide a

107 review of previous works and the search for any gaps in rela-

108 tion to the development of ATs for the creation of TI applica-

109 tions, specifically aimed at educators. Two other research

110 questions then emerged (Q3 and Q4), which were analyzed in

111 light of the results of the sessions carried out with educators.

112 These are focused on determining the degree of acceptance of

113 educators of this kind of tool, considering the variables of the

114 Technology Acceptance Model (TAM). Moreover, the percep-

115 tion of educators regarding TI is also analyzed. The four

116 research questions that guide this work are the following.

117 1) Q1: What are the characteristics of ATs that allow non-

118 computer-expert users to participate in the development

119 of TI applications?

120 2) Q2: What are the needs that are not yet met by this type

121 of tool for the development of TI applications for edu-

122 cational activities?

123 3) Q3: What level of acceptance do educators show in

124 relation to using an AT such as EDIT to create TI

125 applications?

126 4) Q4: What value do educators assign to TI in the educa-

127 tional setting?

128 In this context, this work presents an AT called EDIT, which

129 allows educators to participate in the design of a TI application

130 for educational activities, its sequencing (ordering the activities

131 according to the context needs), and its exportation with stan-

132 dardized metadata, following the IEEE LOM standard [33].

133 Educators can adjust their projects to the context requirements

134 and share them. Also, an evaluation of EDIT using the TAM is

135 presented. This model is widely applied in educational scenar-

136 ios for analyzing the ease of use of a tool, the usefulness

137 perceived by educators, and other variables that influence

138the intention of use [34], [35], [36], [37], [38], [39]. This

139evaluation produces some interesting results for working

140with this kind of tool, as well as about TI in the educa-

141tional field.

142The rest of the article is organized as follows: Section II

143presents the conceptual framework where the concept of ATs

144and their characteristics are defined. In Section III, an analysis

145of the state of the art is conducted in relation to ATs for creat-

146ing TI applications, aimed at answering questions Q1 and Q2.

147In Section IV, the EDIT AT is described, and in Section V,

148the TAM used during the sessions with educators is presented.

149The results obtained in these sessions are detailed in

150Section VI and discussed in Section VII. Section VIII presents

151some limitations of the research. Finally, the conclusions and

152future lines of work are presented in Section IX.

153II. CONCEPTUAL FRAMEWORK RELATED TO ATS

154This section presents the conceptual bases considered by the

155authors for the development of the work and for the design of

156EDIT, in relation to ATs and their characteristics.

157First, the analysis presented in [28] describing different types

158of users that may be involved in the creation of software appli-

159cations is taken into account. While the more technical users

160need to attend to advanced programming aspects and those

161relating to hardware, with tools to help them solve their tasks

162(tools closer to the hardware, for example, programming librar-

163ies), domain experts should focus on incorporating the contents

164and defining the behavior of the application, for which they

165need tools to help them (tools closer to the users). These tools

166should offer abstraction layers to ensure that domain experts do

167not have to deal with complex technical issues.

168This article focuses on the latter type of tool, considered as

169ATs. ATs are programs that allow users to create their own

170computer applications without advanced programming knowl-

171edge [26], [32]. ATs have gained a special interest in the field of

172education because they allow educators to create their own edu-

173cational materials and thus to enrich their teaching proposals.

174Usually, these ATs, such as Ardora [40], ExeLearning [41], or

175Malted [42], work through preset templates and, after a compi-

176lation process, they generate an application that can be run inde-

177pendently from the software that generated it [43], [44].

178The AT approach brings with it a transformation of the user

179role, assuming responsibilities and tasks traditionally assigned

180to developers. ATs, aimed at the domain expert, solve multiple

181aspects of the application creation process, from specifying

182parameter values to deciding whether to include certain con-

183tents and behaviors [26], [30], [31], [32]. In the educational

184field, ATs are useful because they help to serve a variety of

185students with different profiles by designing different types of

186educational activities, with strong intervention by educators

187[45]; in this sense, ATs are particularly helpful in the context

188of special education [23], [46], [47], [48], where the require-

189ments are heterogeneous and constantly changing due to the

190characteristics of each student and the nature of their educa-

191tional needs. Thus, the technology used to mediate and create

192activities must be highly flexible, evolutionary, and easy to

2 IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL. 13, NO. 00, 2022
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193 modify in order to adapt activities to the developmental level

194 of each student [49].

195 In this article, the focus is on those ATs aimed at creating TI

196 applications. According to [26] and [30], these tools should

197 guide the design of the interactions so as to create relationships

198 between the physical and the digital worlds. This may involve

199 using data input and output technologies. Data input technolo-

200 gies are used, for example, to track objects and user gestures in

201 the physical world. These technologies include the following:

202 Radio frequency identification (RFID), computer vision techni-

203 ques, microcontrollers, and sensors, among others. As regards

204 output, in addition to using screens and speakers, there is a vari-

205 ety of technologies to create the physical output (LEDs, vibra-

206 tors, etc.). As each of these technologies requires a different set

207 of physical devices and instructions, integration and customiza-

208 tion are difficult and expensive [49], [50]. The AT must offer

209 guides that help in this respect as well as ordering the tasks of

210 creating each interaction and of the activity as a whole. AT

211 should anticipate the problems of users without technical

212 training and consider their needs [26], [28], [30]. Thus, the

213 tool should propose abstraction layers for the complex and

214 technical aspects to facilitate the task of the noncomputer-

215 expert user [31]. Several of the tasks mentioned above

216 will be transparent to the user of the AT, thanks to these

217 abstraction layers.

218 If the TI AT is geared to enable educators to create educa-

219 tional content and activities, the ease of use will be an impor-

220 tant factor [23], as well as the aspects of configuration and

221 customization, as described in [26], [28], [29], [30], and [31].

222 According to these works, some of the aspects that educators

223 should be able to configure are as follows: the association

224 between the application and the physical objects that will be

225 used, components of the interface such as the background

226 images that will be part of each activity related to the topic to

227 be worked on, and different kinds of feedback that will con-

228 tribute to student learning. Regarding the association between

229 physical objects and the application, the AT should allow con-

230 figuring how the physical objects can modify the behavior of

231 the application. For example, the educator can select an ani-

232 mation or image that will be displayed when a certain object

233 is placed on the tabletop. This configuration feature is impor-

234 tant because it indicates the representations and associations,

235 which the educators want students to work with, promoting

236 the use of multiple sensory channels [9], [20], [21].

237 The tool should also allow the educator to configure feed-

238 back. According to Brookhart [51], feedback is more effective

239 when it is adapted to the students. In [52], a possible classifica-

240 tion of types of educational feedback is presented, which is

241 also aligned with that mentioned in [51]. The authors mention

242 four types of feedback: 1) about the task, 2) the processing of

243 the task, 3) self-regulation, and 4) the self as a person. Feed-

244 back about the task is the most common (also called corrective

245 feedback or knowledge of results): It tells a student whether

246 the answer he or she provided is correct or incorrect and gives

247 clues for the student to learn and improve performance. The

248 processing of the task feedback should be considered as the

249 one that specifies the necessary steps to achieve a task. The

250instructions for carrying out a task should be able to be pre-

251sented in different formats (audio, images, and text) depending

252on the specific needs of educators and students [20], [23]. Self-

253regulation feedback can prompt the student to look for more

254information on a certain topic, without specific directions. The

255teacher can configure some aspects in the AT to help the

256student’s self-regulation, for example, leaving a timer avail-

257able in the interface so that he/she can control the completion

258times of the task, if this is important. Finally, the self-as-per-

259son feedback typically expresses positive evaluations, such as

260“Well done” or “Great effort.” This can be considered effec-

261tive feedback, and it is important in order to motivate and

262encourage students [51].

263The AT should enable and guide the educator to configure

264these types of feedback. For example, it should allow the edu-

265cator to add the instructions or steps necessary to perform an

266activity, to indicate whether the activity was solved correctly

267or not, to incorporate affective messages, and/or to add ele-

268ments that help self-regulation.

269Other configuration aspects that an AT used for the creation

270of TI applications should allow are related to the sequencing

271of the activities provided to the student and the possibilities to

272finish an activity by a particular time or according to the

273student’s performance (how the activity ends). As in every

274educational process, it is important that the educator can

275sequence and generate the itinerary of activities, for example,

276to go from the general to the particular or the simple to the

277complex, or to start with an example or a theoretical concept

278to facilitate the learning process [53]. Correctly sequencing

279activities is a key factor in improving the performance of stu-

280dents [54]. In summary, it is desirable that an AT for the crea-

281tion of TI applications should allow the educator to configure

282easily and without advanced programming requirements (Q1):

283to establish relationships between physical objects and the

284application, to arrange interface configuration aspects (resour-

285ces such as images, sounds, etc.), to establish different types

286of feedback, to sequence activities, and to indicate how each

287activity ends. Finally, the exportation of the sequence of activ-

288ities created with standardized metadata and packaging will

289be useful for sharing it with other educators.

290III. ATS FOR CREATING TI APPLICATIONS

291FOR TABLETOPS—RELATED WORK

292This section analyzes related work focusing on tools that

293can be used to build TI applications for tabletops in order to

294answer question Q2: What are the needs that are not yet met

295by this type of tool for the development of TI applications for

296educational activities?

297For the search and selection of bibliography about ATs for

298creating TI applications for tabletops, the protocol proposed

299by Kitchenham [80] was followed. We considered conference

300and journal papers, Ph.D. dissertations, and research reports

301written in Spanish or written in English, and published from

3022008 until 2019 in the Journal of Computers and Education,

303SpringerLink, IEEE Xplore, ACM digital Library, Conference

ARTOLA et al.: NOVEL TANGIBLE INTERACTION AUTHORING TOOL FOR CREATING EDUCATIONAL ACTIVITIES 3
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304 IDC, Journal of Universal Computer Science (JUCS), and

305 Google Academics.

306 The keywords used for the search were as follows: inter-

307 acci�on tangible þ herramienta / tangible interaction þ toolkit,

308 interacci�on tangible þ dise~no / tangible interaction þ design,

309 interacci�on tangible þ entorno / tangible interaction þ frame-

310 work, interacci�on tangible þ editor / tangible interaction þ
311 editor. Other works included in the references of the publica-

312 tions found first were also considered. A total of 492 articles

313 were reviewed in the first stage (from reading the titles and

314 abstracts). A total of 418 were discarded (following the exclu-

315 sion criteria: works not focusing on tools for creating TI appli-

316 cations, not written in English or Spanish, or where complete

317 works were not available). The remaining 74 were considered

318 for a more in-depth analysis, being read in their entirety. In

319 this process, all the authors worked on the definition of the

320 inclusion and exclusion criteria, on the selection of articles,

321 and finally on the complete reading of the selected works. Of

322 the 74 articles, after the complete reading, 53 were discarded

323 for not presenting or describing tools for the creation of the TI

324 applications mentioned. Finally, the selection of articles com-

325 prised the 21 that met the search criteria initially set and that

326 focused on aspects related to the research questions. Several

327 of these 21 papers present an analysis of the same tool, so that

328 the amount of evaluated ATs was 13. At the same time, in

329 2019 and 2020, a new group of works (related to editors and/

330 or ATs, suggested by researchers in the area) was considered,

331 adding 2 ATs to the previous ones.

332 Table I lists the 15 tools finally considered and analyzed in

333 this section. The reviewed works present, on the one hand,

334 tools with an abstraction layer of the underlying TI technol-

335 ogy (closer to the hardware) intended to help programming

336 experts to create TI applications (see Fig. 1, left side). These

337 tools are TUIO, TUIMS, TUI-VR, CLAY, and TULIP. They

338 are outside the interest of this analysis, since our focus is on

339 ATs oriented to domain experts without programming skills.

340 In the case of ToyVision, the tool presents an abstraction

341 layer for the inclusion of active objects in a TI application

342 through templates, but it does not include the design of the

343activity as a whole, so it is also outside the scope of this

344work. On the other hand, tools with an abstraction layer to

345facilitate TI application design oriented to domain experts

346were found. Programming is not required in this type of tool

347(closer to the user; see Fig. 1, right side). Nevertheless,

348although TouchTokens and DIY-AT are oriented to domain

349experts, they are not ATs because they cannot be used to

350create applications; instead, they only allow configuring

351aspects of the physical objects with which the application

352interacts. Furthermore, Arcadia is a tool that, even though it

353offers a quick process for creating applications, does not

354have a TI application as an end result, but rather an initial

355prototype based on AR for a future TI application. The

356remaining tools in this category are ESPranto, TLF, TEC,

357KitVision, E-dub-a, and ConstrAct. These tools are consid-

358ered for analysis in this section.

359To provide an in-depth answer to question Q1 and address

360question Q2, these tools are analyzed taking into account the

361following features (based on the analysis of Section II).

3621) Strategy: possibilities offered by the tool for creating

363applications.

364a) Includes templates.

365b) Basic programming skills are required to create

366activities.

3672) Underlying technology: analyzes the technology associ-

368ated with the detection of tangible objects in the tool.

369a) Computer vision techniques.

370b) RFID.

371c) Adaptable: enables users to select the type of tech-

372nology to be used for detection.

3733) Configurable aspects: possibilities for modifying func-

374tional and graphic aspects, in order to more efficiently

375adapt to the needs of each educator. The criteria

376described in Section II are considered.

377a) Association between the application and physical

378objects.

379b) Background images for the interface.

380c) Types of feedback: about the task, processing of the

381task, self-regulation, and affective feedback.

382d) Possibility of configuring the end of each activity

383(end of activity): by time and according to the

384students’ performance.

385e) Possibility of sequencing activities (activity

386sequence).

3874) General aspects: other important aspects regarding the

388interest in sharing and reusing the projects in the

TABLE I
TOOLS FOR THE CREATION OF TI APPLICATIONS ORDERED

CHRONOLOGICALLY

Fig. 1. Tools organized based on abstraction level.
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389 educational community and in having the possibility of

390 use by educators.

391 a) Standards: possibility of meta-annotation and

392 exporting content, complying with packaging stand-

393 ards. This provides a common language so that con-

394 tents can communicate with various technological

395 environments (for example, different types of appli-

396 cations and repositories on the web).

397 b) Tool availability: this refers to having licenses

398 available for using the tool.

399 Based on the criteria defined, the tools selected are

400 described as follows (see the summary presented in Table II).

401 1) ESPranto [28] has various design levels aimed at differ-

402 ent types of users. At the level closest to a noncom-

403 puter-expert user (in the case of this AT, parents, and

404 educators), it uses a graphical editor with blocks as

405 described in Scratch [65], so basic programming knowl-

406 edge is required. It allows working with RFID technol-

407 ogy, but users with expert programming knowledge can

408 incorporate other technologies. It is available for free

409 download for Linux and Windows. Activity sequencing

410 is not specified, but when working with block program-

411 ming, an expert user could program it. In relation to

412 feedback, this could be achieved by programming it,

413 but it is not indicated whether the graphic editor makes

414 it possible to do so. There is no mention of the use of

415 standards for meta-annotation or for content packaging.

416 2) TLF: Tangible Learning Framework [46] is a web tool

417 that allows developing TI applications with RFID tech-

418 nology. This tool is presented at a nonfunctional proto-

419 type level, so the tool is not available. However, it is of

420 interest for this analysis as it proposes to address differ-

421 ent types of activities that arise from working together

422 with therapists. It enables design through templates cor-

423 responding to the different types of activities, such as

424playlists, selection activity, multiple choice tests, and so

425forth. It permits configuring in each activity the back-

426ground images. In relation to feedback, it only mentions

427the possibility of adding feedback about the task in

428some of the proposed activity patterns, so it does not

429consider different types of feedback. There is no spe-

430cific reference to how to configure the end of an activity

431or how activity sequences are created. There is also no

432mention of the use of standards for meta-annotation or

433for content packaging.

4343) TEC: Tag-Exercise Creator [57] is based on ESPranto;

435it proposes a further abstraction layer to facilitate the

436task for therapists. In this sense, it sacrifices flexibility

437to favor ease of use. It allows creating a type of activity

438aimed at carrying out specific rehabilitation exercises. It

439limits its application to a specific technology, an RFID-

440based board called TagTiles. Activity editing is done

441through templates that specify interaction areas, and

442auditory feedback is linked to them. However, it is not

443indicated whether that feedback is related to feedback

444on the task. Other types of feedback are not mentioned.

445There is no information about availability. Even though

446it does not use standards, it does mention the impor-

447tance of promoting practices related to the creation and

448exchange of software that are known in the open-source

449software community, but still relatively unknown in the

450health and education community. There is no specific

451reference to how activity sequences are created.

4524) KitVision [47] is a tool designed for therapists to

453develop TI applications for educational activities. It

454uses templates, and the activities are aimed for use with

455a computer vision-based tabletop. It allows configuring

456different activity aspects: different tasks, feedback

457about the task, instructions through audio (feedback on

458the processing of the task), but it does not indicate any-

459thing about the other types of feedback. Also, it allows

460configuring a background image, an area associated

461with a set of objects that would give a feedback of cor-

462rect, and also allows defining a set of physical objects

463that when placed in the defined area of the tabletop trig-

464ger a feedback of incorrect. While it is allowed to have

465several tasks, the educator cannot sequence the tasks in

466an itinerary. This is the only tool in the group that is

467available for download under a GNU, General Public

468License version 3.0 (GPLv3). There is no mention of

469the use of standards.

4705) E-dub-a [64] is a tool mainly oriented to working in the

471field of special education, although it could also be used

472in other areas. It allows creating scenes that can have

473customizable backgrounds, interaction areas to be

474related to the correct objects expected to be placed in

475each area, and feedback about the task that is displayed

476when an object is placed on the tabletop. No other types

477of feedback are mentioned. This tool is also based on

478the use of templates, and the applications created with it

479use computer vision. The applications that can be cre-

480ated consist of one scene. There is no mention of the

TABLE II
TOOLS COMPARISON BY FEATURES OF INTEREST

ARTOLA et al.: NOVEL TANGIBLE INTERACTION AUTHORING TOOL FOR CREATING EDUCATIONAL ACTIVITIES 5



IE
EE P

ro
of

481 possibility of creating sequences with several scenes.

482 There is also no mention of working with standards or

483 information about their availability.

484 6) ConstrAct [61] is a game editor that has five different

485 minigame templates; namely, “Multiple choice quizzes,”

486 “Find the correct sequence” games, “Classification”

487 games, “Wrong item detection” games, and “Execute a

488 process” games. The resulting minigames are capable of

489 supporting multimodal interaction as the players can

490 interchangeably use either the digital facilities offered by

491 a typical GUI or various physical input sources that facili-

492 tate interaction. In this case, the technology is based on

493 computer vision. The educator can 1) designate the physi-

494 cal boundaries of the touch-enabled surface, 2) set the

495 brightness level to match the lighting setting of the educa-

496 tional space, 3) generate and print QR-codes to identify

497 players, 4) insert appropriate illustrations for items that

498 could be used physically as printed cards, which maxi-

499 mize the recognition rate and minimize false-positives by

500 the computer vision algorithms, etc. Even though this edi-

501 tor is interesting due to the variety of activities it offers,

502 there is no mention of any standards packaged with the

503 games or of how games can be organized into sequences.

504 Feedback is given only about the task. There is also no

505 information about availability.

506 Moreover, a systematic review of ATs related to the crea-

507 tion of TI applications has recently been found [66]. However,

508 in this review, the tools are specifically aimed at creating sto-

509 rytelling applications.

510 As can be seen, the analyzed tools present interesting fea-

511 tures but they do not use packaging standards or descriptions

512 with standardized metadata for subsequent storage and

513 retrieval from repositories. Most of them are based on tem-

514 plates [46], [47], [57], [61], [64] that guide the design of each

515 activity, but there is no explicit mention regarding the possi-

516 bility of organizing these activities into sequences. Regarding

517 their availability, only one indicates that it is free for Windows

518 and Linux [28], and another that it is available for download

519 under GNU General Public License version 3.0 (GPLv3) [47].

520 The rest of them do not offer information about this in the ana-

521 lyzed articles. Only a few of the tools indicate that they enable

522 different types of feedback (they only consider feedback about

523 the task and the processing of the task), but this aspect in gen-

524 eral is only briefly described [47], [57], [64]. None of them

525 describe self-regulation feedback or self as a person feedback.

526 Finally, it must be highlighted that some of the tools found are

527 oriented to a specific target group, such as the case of TEC,

528 TLF, Kitvision, and E-dub-ab that are oriented to working

529 with therapists [46] [47], [57], [64].

530 From the analysis carried out, it can be observed that there

531 are several projects focused on the creation and use of ATs

532 linked to the development of TI applications by noncomputer-

533 expert users. However, there are some features of interest for

534 education scenarios mentioned in Section II that are not fully

535 addressed by the analyzed AT. Therefore, this article presents

536 a novel AT for creating educational TI applications, which

537 considers these features.

538As a summary, Table II presents the criteria analyzed for

539each tool reviewed using the features of interest established

540above, detailing the configurable aspects of each one and add-

541ing in the last column the features to consider in the AT pro-

542posed in this article.

543IV. EDIT. DEVELOPMENT OF AN EDITOR FOR TI

544EDUCATIONAL APPLICATIONS

545EDIT (Spanish acronym for Tangible Interaction EDitor)

546was created with the aim of allowing educators to create TI

547applications. Like any AT, it allows editing and customizing

548different options for creating applications, in this case, those

549based on TI for tabletops, based on computer vision techni-

550ques (the technology feature). To do this, it integrates an

551abstraction layer with the underlying technology (capture and

552detection with a camera, identification of object position, and

553rotation in relation to the coordinates, etc.) and also with dif-

554ferent design aspects of the TI application (relationship

555between physical objects and the application, areas of interac-

556tion, different types of feedback, etc.). The tool, therefore, lies

557in the category of “closer to the user,” as stated in Section II.

558To detach the user from both underlying technology and

559design aspects, EDIT relies on the use of templates (like the

560majority of the ATs analyzed in Section III), which offer the

561user different types of predesigned activities. Users select the

562type of activity and then adjust various settings according to

563their needs. This addresses the challenges mentioned by [30]

564in relation to designing integration bridges between the physi-

565cal and virtual worlds, as well as in relation to guiding the cre-

566ation of interactions. As regards the link with physical objects,

567the user assigns an identifying name to each physical object

568with which the application will interact. In the templates, users

569indicate the areas on the tabletop where they want the interac-

570tions to take place, as well as the identifiers corresponding to

571the linked objects in each interaction. As can be seen, users do

572not have to worry about how these associations are imple-

573mented. In this way, using EDIT the educator can build a TI

574application without having any programming knowledge.

575A. EDIT as a TI AT for Tabletops, Specifically Aimed at the

576Educational Field

577EDIT has been designed to be used in education and it is,

578therefore, focused on its ease of use and its usefulness for edu-

579cators. It provides the possibility of creating a customized

580sequence of educational activities integrated into a project so

581that the educator can adjust it to their own context. The project

582can be saved to be edited again and customized (.la file). In

583addition, it can be exported as a SCORM package (.zip file),

584in such a way that it can be shared in different repositories,

585and meta-annotated following the IEEE LOM standard. Here,

586the educational level to which it is oriented, the range of ages

587to which it is intended or the theme and educational objectives

588can be specified, to mention some of the descriptors that con-

589tribute to the location of the project and its reuse. These meta-

590annotation and packaging features are not addressed by the

591ATs analyzed in Section III. Another aspect of interest
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592 considered in EDIT is that it allows the educator to give differ-

593 ent types of feedback, as discussed in Sections II and III. It

594 allows the educator to give instructions on the task to be car-

595 ried out in different formats (text, audio and/or images, or

596 even a video), to give feedback on how the task was carried

597 out until the finish of an activity, and to give feedback on the

598 different interactions that the student performs on the tabletop.

599 It thus supports the process of solving an activity through

600 affective messages. Finally, it also includes the possibility of

601 including a timer, or a button to finish the activity and con-

602 tinue with the next one in the itinerary [52].

603 B. Project Design Process With EDIT

604 When the educator works with EDIT, he/she creates a

605 project that will include a sequence of navigable educa-

606 tional activities, determined by the educator [53]. This is a

607 very important aspect, as indicated in Sections II and III.

608 The working stages with EDIT are summarized in Fig. 2:

609 1—Editing project descriptive data; 2—Creation of activi-

610 ties within the project and the itinerary (sequence in which

611 activities will be navigated); 3—Saving and exporting the

612 project, considering standards; 4—Playing TI application

613 on tabletop. Some examples of activities created with EDIT

614 are shown in Fig. 3.

615 In summary, EDIT provides for the following.

616 1) Abstraction layers that allow educators without previ-

617 ous programming knowledge to create TI projects,

618 avoiding having to deal with low-level aspects and

619 underlying technologies (see Fig. 4). In this way, it is

620 similar to the ATs analyzed in Section III.

621 2) Design by using templates (strategy feature) that guide

622 educators through the steps and data to be completed.

623 Templates also offer help through two icons that appear

624 during the process of creating a project, having two

625purposes: a) serving as guidelines for the design of TI

626educational projects and b) assisting EDIT users. Cur-

627rently, these templates allow creating two types of

628activities: a) simple association activities, in which stu-

629dents are asked to link specific objects to different areas

630on the tabletop, and b) content presentation creation

631activities using various multimedia resources, which

632can serve to present task processing feedback and affec-

633tive feedback [51], [52] (see examples of feedback in

634Fig. 3).

6353) Creation of projects that allow integrating a brows-

636able sequence of activities, be these content presenta-

637tions and/or associations (configurable aspects). This

638sequence can be modified based on the needs of the

639project and the educational objectives. This feature is

640original in comparison with the ATs analyzed in

641Section III.

6424) Incorporation of specific spaces to include instructions

643personalized by the educator in text, audio, or video for-

644mats (configurable aspects, in this case for processing

645the task feedback and for affective feedback). For

646example, the student may be told to place the objects

647that correspond to a given category on a certain area on

648the tabletop.

6495) Configuration of backgrounds, to give context to the

650activity, and interactive areas, which can also have their

651own background image or color (configurable aspects).

6526) Setting the way in which each activity will be finished

653(for example, by time—it is possible to guide the stu-

654dent with a timer; by the decision of the student—it is

655possible to configure a button to skip the activity). This

656is a novel feature proposed by EDIT.

6577) Saving and editing projects, loading metadata with the

658IEEE LOM standard, and exporting projects as SCORM

659packages so that they can be published and found

Fig. 2. Working stages with EDIT.
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660 through their metadata in virtual environments (stand-

661 ards feature). This is aligned with the possibility of

662 being able to create, in the future, a community in

663 which TI applications are shared. This feature is origi-

664 nal in comparison with the ATs analyzed in Section III.

665 Fig. 3 shows examples of activities created with EDIT by

666 educators. The activities differ from each other thanks to the

667 customization possibilities offered by our AT. In this figure, it

668 can be observed how the activity is presented. Image a) shows

669 the processing of the task feedback with the instructions for

670 the activity to guide what the student should do. Image b)

671 shows an association activity with a background created by an

672 educator with different periods of time (in years), so that the

673 student takes objects prepared by the educators and must place

674 them in the area corresponding to the approximate time it

675 takes to degrade (the activity is related to the care of the envi-

676 ronment). This image also shows the feedback about the task

677 that indicates if it was correctly answered or not, in this case

678 using an image. Image c) presents the processing of the task

679 feedback, but in this case, the educator decided to present the

680 instructions through a video. Finally, in image d), another

681 activity is presented with two areas of interaction and a back-

682 ground image with two categories (plastic waste and organic

683 waste), so that the student has to classify each physical object

684 in one of these categories. The objects were provided by

685 educators.

686 From a technological point of view, EDIT was implemented

687 on PHP 5 using the Laravel 4.2 [67], JQuery [68], and Boot-

688 strap [69]. The application that will be available for download

689 by educators (Tool availability feature) was developed using

690 Java 1.8 with Reactivision [70].

691 V. EDUCATOR ACCEPTANCE ANALYSIS OF EDIT FOR

692 CREATING TI ACTIVITIES FOR TABLETOP

693 In order to know if the EDIT AT enjoys a suitable level of

694 acceptance by educators, since this is indispensable for its use

695and inclusion, assessment sessions were carried out with a

696group of 38 educators at the School of Computer Science at

697the National University of La Plata, Argentina. During the ses-

698sions, the educators were also asked about their appreciation

699of TI in education in order to identify possible barriers and the

700potentialities perceived by teachers for this technology. These

701aims are directly related to questions Q3 and Q4.

702To answer research questions Q3: What level of acceptance

703do educators show in relation to using an AT such as EDIT to

704create TI applications? and Q4: What value do educators

705assign to TI in the educational setting?, the TAM model pro-

706posed in [71] was used, but we worked with a variant proposed

707in [34], where the model was adapted to predict the acceptance

708level of technologies by educators. Additionally, we surveyed

709educators’ reflections and assessments in relation to the possi-

710bilities offered by TI at their own educational levels.

711A. Participants

712The study involved 38 educators (24–58 years old). The par-

713ticipants were invited from among students enrolled in a mas-

714ter’s degree in applied information technology in education

715and teachers of this degree course. The students belong to dif-

716ferent educational institutions in the country and were invited

717via email. In addition, the invitation was extended to potential

718teaching colleagues who were interested in participating. The

71938 educators who participated did so voluntarily and because

720of their interest in the subject. The gender distribution was 66%

721women (n ¼ 25) and 34% men (n ¼ 13). As regards the educa-

722tional level at which they teach, 18.4% of these educators

723worked at the primary level, 18.4% at the secondary level,

72460.6% at the tertiary level, and 2.6% in special education. Con-

725sidering their prior knowledge of TI, 24% indicated that they

726had no prior knowledge about this technology, and only 3%

727indicated that they had thorough knowledge. The highest per-

728centage (73%) corresponds to those who indicated they had

729some knowledge (little, moderate, or thorough) of TI. As

730regards use, 53% indicated that they had never used TI-based

731technology. From the remaining 47%, only 3% indicated they

732had used it a lot. It should be noted that, among the educators

733who were invited to participate, some with expertise in TI were

734included to make sure there was a diversity of profiles. Those

Fig. 3. Examples of applications created with EDIT.

Fig. 4. EDIT abstraction layers.
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735 educators are teachers of the aforementioned master’s degree

736 that had previously participated in educational activities with

737 TI as part of their teaching work and, in one case, the teacher

738 had also participated in the creation of an application with TI.

739 B. Instruments

740 Three types of instruments were used: 1) a TAM question-

741 naire to find out the degree of acceptance by educators of

742 EDIT, 2) an observation form aimed at registering doubts,

743 comments, and the time spent by educators while they worked

744 with EDIT, and 3) finally a Focus Group questionnaire to find

745 out educators’ assessments and thoughts in relation to TI and

746 its application at the educational level in which they work.

747 To analyze the technological acceptance by educators in

748 relation to EDIT, the TAM presented in [34] was modified

749 and used. This model is widely used in research in the educa-

750 tional field due to its potential to predict the intention of use of

751 the technological tools to be included in these scenarios, by

752 analyzing the ease of use of a tool, the usefulness perceived

753 by educators, and other variables [34], [35], [36], [37], [38],

754 [39], [72]. In this article, the TAM model is used to analyze

755 the possible barriers and benefits that the educators participat-

756 ing in the sessions perceive in EDIT and, thus, know their

757 acceptance. It should be clarified that this model explains the

758 causal relationships between perceived usefulness (PU), per-

759 ceived ease of use (PEU), attitude toward the use of technol-

760 ogy (ATU), and intention to use technology (BI). The results

761 presented in [34] showed that PU, attitude toward computer

762 use (ATU), and computer self-efficacy (SE) have a direct

763 effect on behavioral intention (BI) to use technology while

764 PEU, technological complexity (TC), and facilitating condi-

765 tions (FC) affect BI indirectly.

766 In this article, Teo’s TAM model [34] has been modified by

767 adding other items to gather information about participants’

768 profiles. The instrument was split into two parts; the first one

769 was to collect data identifying the educators (gender, age, edu-

770 cational level, and previous experience with TI applications),

771 and the second one was to collect data related to the study var-

772 iables in the TAM model. This second part is composed of 16

773 items that are rated using a 5-interval Likert scale (0 ¼
774 Strongly disagree; 1 ¼ Disagree; 2 ¼ Neutral; 3 ¼ Agree; 4 ¼
775 Strongly agree). It should be noted that, unlike Teo’s instru-

776 ment, this one does not include the items related to the

777 “facilitating conditions” variable. This decision was made

778 because in this first version of EDIT, there are as yet no user

779 manuals and tutorials that would serve as an aid for educators.

780 The instrument can be found at rebrand.ly/6ye9p96.

781 To obtain the instrument’s reliability index, the internal

782 consistency measure called Cronbach’s alpha coefficient was

783 used. This coefficient is appropriate for instruments that use

784 Likert-type scales, as in this case. The coefficient varies

785 between 0 and 1, 1 being the highest value. There are different

786 reports on acceptable alpha values, which range from 0.70 to

787 0.95. If the alpha is too high, it may suggest that some items

788 are redundant, as they are assessing the same question but are

789 worded differently. A maximum alpha value of 0.90 has been

790recommended [73]. After applying the Cronbach alpha statis-

791tic using the PSPP application [74], a value of a ¼ 0.86 was

792obtained, which indicates a high-reliability index.

793C. Methodology

794The methodology followed was organized in two stages. In

795the first stage, educators were presented with the concept of TI

796and applications were provided, by way of example, so that

797they could experiment with this technology. These applica-

798tions had been developed with EDIT, so the educators were

799able to visualize the kind of activities that can be carried out

800with the tool, the resources that can be incorporated, the way

801in which feedback is provided, etc. In the second stage, each

802participant was asked to use EDIT to create his/her own appli-

803cation, for which the necessary multimedia content (images,

804videos, and sounds) was offered. During this stage, each ses-

805sion was observed by at least two researchers who completed

806an observation form with notes about doubts and questions

807made by the educators. The time of completion of each project

808was also registered. Finally, a Focus Group was held to collect

809the opinions and conclusions of the participants regarding the

810experiences. Sessions were recorded for later analysis, and

811they were used to contrast with the forms completed by the

812researchers.

813A total of 10 sessions corresponding to two types (A and B)

814were held. Of these sessions, 9 were of Type A and 1 of Type

815B. The Type A sessions lasted approximately 1 h, with groups

816of 3–4 educators each. In these sessions, the educators devel-

817oped a project using EDIT with different sequenced activities.

818Two observers completed the observation forms in these ses-

819sions. The Type B session lasted 2 h and was carried out with

82010 educators and with 4 observers. For the second stage in this

821session, participants also had to create a project with different

822activities. In addition, participants were given time to run their

823projects on a tabletop, so that the rest of the participants could

824use them as if they were students.

825In order to evaluate the acceptance of EDIT by the educa-

826tors who participated in the sessions, an analysis of the results,

827obtained through the different data collection instruments,

828was made. The items related to the variables SE and TC were

829recorded as they were negative items. The mean and standard

830deviation (SD) were calculated for each model variable (for a

831better reading, the values obtained were rounded). In order to

832allow comparisons of the values obtained, each variable

833was labeled with the level of its mean score (MS) and SD,

834following the scoring table ranging from Extremely Low

835(1.0–1.5) to Extremely High (4.5–5.0), and with the fol-

836lowing intermediate levels: Very Low (1.5–2.1), Low (2.1–

8372.7), Moderate (2.7–3.3), High (3.3–3.9), and Very High

838(3.9–4.5). These levels and their intervals were taken from

839the work in [75].

840VI. RESULTS

841In this section, the results are presented in relation to the

842research questions Q3 and Q4.
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843 A. Results Related to Q3: What Level of Acceptance Do

844 Educators Show in Relation to Using an AT Such as EDIT to

845 Create TI Applications?

846 A descriptive analysis of the results (see Table III) shows

847 that the values obtained from the participants in variables PU,

848 PEU, ATU, TC, and BI are Very High, with a MEAN over 4

849 out of a maximum of 5, and with an SD Extremely Low,

850 below 1, similar to the data presented in [75]. However, in the

851 items related to the variable that refers to SE, the MEAN val-

852 ues are lower, with a higher SD (Moderate). It should be

853 remembered that the SE variable refers to the extent to which

854 a person believes that by executing and organizing actions,

855 they can achieve specific objectives with the level of skills

856 they possess. It refers to the person’s judgment of their own

857 abilities [76]. This fact evidences that educators felt the need

858 for external help to create a TI application with EDIT. This

859 would be a possible area for improvement.

860 In addition, the existing correlations between the constructs

861 were analyzed, following [34] and [75]. It is important to high-

862 light that these correlations are comparable to the results

863 obtained in [34], with scores that vary slightly (see Table IV).

864 From the analysis of the data obtained from the TAM ques-

865 tionnaire used in the sessions, the following can be seen.

866 1) the perceived utility (PU) has a direct effect on the atti-

867 tude toward the use of technology (ATU). The latter has

868 a direct effect on the intention of use (BI) of the educa-

869 tors who participated (these results coincide with those

870 found in the research reported in [34] and [75]) while

871 PEU, TC, and SE affect BI indirectly.

872 2) It was also found that there is a correlation between TC

873 and PEU, and between SE and PEU, which indirectly

874 affects the intention to use (BI).

875 3) Although direct relationships of PU, ATU, and SE with

876 BI were found in the model of [34], in the tests carried

877 out in the present study, it was only possible to verify

878the direct link between ATU and BI, and also of PU,

879PEU, and TC with ATU.

880From these correlations, it can be inferred that educators

881find a tool like EDIT useful and this seems to influence their

882attitude toward the tool and their intention to use it.

883The correlation of the model variables with the profile infor-

884mation of the participants has been studied applying the Pear-

885son correlation [77], showing that there is no evidence of a

886correlation between the variables PU, PEU, ATU, TC, SE,

887and BI with the educational level in which the educator works,

888or his/her previous knowledge, previous use of TI or gender.

889To analyze what educators thought about the process of

890building a project with educational activities using EDIT and

891about the tool itself, a Focus Group and observation sheets

892were used. The results showed that all the educators found no

893major problems to complete the creation of the TI application

894with EDIT. However, in several cases, they had to be

895reminded that the areas used for the interaction are the spaces

896on the table where the student is expected to place a physical

897object and, therefore, that they need to indicate their size and

898location on the table. Similarly, in terms of feedback about the

899tasks, there were some doubts about the place where the feed-

900back configured by educators will appear on the tabletop. It is

901important to mention that after these initial clarifications, the

902educators were able to continue with the task and complete

903the project with no further issues.

904This situation is consistent with the educators’ responses to

905the TAM model question SE2: “I feel like I can complete a

906project using EDIT if someone shows me how to do it first.”

907This can explain the moderate score obtained in the SE vari-

908able commented previously; 45% of the educators requested

909some kind of help when creating association activities. Some

910of the aspects that were asked about are listed as follows.

9111) Relocating and resizing interaction areas (10 partici-

912pants out of 38) and images for feedback in each inter-

913action area (5 out of 38).

9142) Loading the physical objects that would be used during

915the activity (7 out of 38). Educators had doubts about

916whether they should only use the name, about adding

917objects that are not used in the activity, about adding

918objects in later stages of the project, and about editing

919already loaded objects.

TABLE IV
PEARSON CORRELATIONS—SIGN (2 QUEUES)

TABLE III
VALUES OBTAINED IN EACH ITEM OF THE QUESTIONNAIRE AND VALUES FOR

EACH ANALYZED CONSTRUCT OF THE MODEL
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920 3) Adding activities to the project (2 out of 38). Some edu-

921 cators did not understand that activities can only be

922 added after project data have been configured.

923 4) Editing a previously created interaction (2 out of 38).

924 There were no doubts during the process of exporting the

925 project in any of the sessions.

926 During the Focus Group, questions revolved around which

927 aspects of the tool could be improved. In all sessions, the edu-

928 cators valued the step-by-step guide to creating projects. Posi-

929 tive responses were also recorded as regards ease of use, an

930 aspect that was well rated in the TAM model instrument,

931 which reinforces this result.

932 The most relevant improvement suggestions for the creation

933 of TI applications with a tool like EDIT were as follows.

934 1) Assigning a different color to each interaction area and

935 feedback. This would help know to which area each

936 feedback (about the task) corresponds at a glance.

937 2) Assembling an animation that allows visualizing what

938 the effect would be when each feedback appears and

939 disappears, simulating execution.

940 3) Including more advice about the data to be completed,

941 and aids/suggestions when creating interaction areas

942 and adding feedback about the task.

943 These aspects may also influence the SE variable addressed

944 in the analysis of the TAM questionnaire and is related to that

945 of TC.

946 B. Q4: What Value Do Educators Assign to TI in the

947 Educational Setting?

948 To better organize the presentation of the results in relation

949 to Q4, three main categories are addressed: 1) opinions related

950 to TI and the combination between physical and virtual

951 objects; 2) opinions about possibilities of TI in educational

952 practice; and 3) barriers considered in the use of TI in educa-

953 tional practice.

954 1) Opinions Related to TI and the Combination Between

955 Physical and Virtual Objects: During the Focus Group, the

956 educators were also asked about their assessment of TI and how

957 valuable they considered combining interaction with physical

958 and virtual objects in their class would be. In all sessions, the

959 educators valued this type of activity in contexts in which stu-

960 dents are children or in the field of special education. These

961 statements coincide with other works’ results, previously

962 described in this article, in which TI applications were used with

963 these groups [24], [46], [25]. This could be attributed to the fact

964 that the educators, in the Focus Group, highlighted the impor-

965 tance of physical manipulation for working with these groups,

966 combinedwith themultimedia possibilities of these technologies

967 [10], [13], [14], [20], and that they remarked on the possibilities

968 of personalization of the projects (similar to what was referred to

969 in [31]) through the EDIT tool, which would make it possible to

970 adjust the activities to the specific profile of the students. There

971 were also responses emphasizing the overall benefits of TI in the

972 educational field, such as multimodality, motivation, involve-

973 ment, and collaboration, in agreement with the benefits men-

974 tioned by authors previously cited in [20] and [21].

9752) Opinions About Possibilities of TI in Educational Prac-

976tice: As regards the possibilities for educators to use TI appli-

977cations in their educational practice, some of them responded

978positively and gave some examples while others mentioned

979that they had difficulty imagining TI activities working with

980adults or with the topics they taught. Examples of applications

981mentioned as possible ways of incorporating TI include the

982following:

9831) “Maybe Mathematics, topics related to volume that are

984probably difficult to visualize, for example an

985intersection.”;

9862) “Creating a timeline where physical objects related to

987it are placed.”;

9883) “An activity that allows composing, and that has no

989right or wrong answers.”;

9904) “An activity to increase information.”;

9915) “Activities where specific feedback can be configured

992for each incorrect answer.”;

9936) “It can be useful to carry out activities outside the

994classroom, for example in psycho-pedagogical depart-

995ments or at home.”

996These examples can be related to the previously discussed

997benefits of TI in education, such as its potential for addressing

998abstract topics [10], addressing socio-cognitive aspects [25],

999and also issues related to the personalization of feedback. The

1000latter could be linked to the experience of working with EDIT

1001and configuring the different types of feedback.

1002It can be noted that several of the activities previously men-

1003tioned by the educators can be created using EDIT (12,46)

1004while others would require new templates to be added (35).

10053) Barriers Considered in the Use of TI in Educational

1006Practice: As regards the aspects that make it difficult for edu-

1007cators to include TI in their institutions, they indicated that the

1008obstacles to incorporating this type of technology include the

1009following: financial difficulties for acquiring the tabletop,

1010even if it is not really expensive; the predisposition of educa-

1011tors to dedicate time to class design using a dynamic that is

1012different from the one they are already familiar with; the num-

1013ber of students in courses, which would require educators to

1014plan how to implement the activity; the challenge of finding

1015the relevant metaphors for using physical objects in order to

1016work with content to design activities that are attractive to

1017adult students: “I think that using physical objects in activities

1018for 4th year courses at university is more difficult to plan.”;

1019“For the concepts I work with, I find it difficult to find tangible

1020objects to represent them.”

1021In this sense, the idea that they perceive that it is easier

1022to find examples to work with children is reinforced. They

1023also express that they require more examples of TI appli-

1024cations for adults, to help them to imagine what can be

1025done with their students. However, it should be noted that

1026the literature contains a large number of experiences of the

1027use of TI with higher education students, as in [15], [78],

1028and [79].

1029It is interesting to note that in no case was the use of the

1030ATs indicated as a barrier, in agreement with the results on

1031EDIT acceptance for creating TI applications.
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1032 VII. DISCUSSION

1033 In this section, the research findings are discussed and

1034 reflections are made. Also, the educators’ assessment of TI in

1035 their work spaces and the distinctive characteristics of EDIT

1036 in light of the results obtained in the sessions and the previous

1037 work reviewed are analyzed.

1038 Throughout the sessions, the educators considered TI as a

1039 technology that is attractive and has potential, as mentioned

1040 in [9], [2], and [4], and which requires changes in the way

1041 classes are planned. In this sense, they value having exam-

1042 ples that help them awaken their own creativity, specifically

1043 in working with adults. The importance of creating a reposi-

1044 tory where TI educational activities can be shared with the

1045 teaching community is reinforced, so that educators would

1046 be able to use or adapt the activities created by others. Thus,

1047 the EDIT feature related to packaging and meta-annotating

1048 the projects in a standardized way supports this need found

1049 by educators, since they could be integrated into repositories,

1050 making it easy to search and locate projects of interest. As

1051 mentioned in Section III, none of the ATs reviewed included

1052 this functionality.

1053 Regarding the use of EDIT during the sessions, participants

1054 of the different educational levels were able to create their TI

1055 applications for tabletops without having previous program-

1056 ming knowledge. EDIT was used as an AT close to the non-

1057 programming user. In light of the answers of the TAM

1058 questionnaire, it was considered useful PU and easy to use

1059 PEU, with Very High scores. As explained in the previous sec-

1060 tion, it was found that the PU has a direct effect on the ATU.

1061 The latter has a direct effect on the intention of use (BI). How-

1062 ever, a moderate SE with the tool is observed, which opens

1063 the door to searching for strategies to further facilitate this per-

1064 ception. From the Focus Group and the participant observa-

1065 tion, it is inferred that this can be related to the need for help

1066 required by the educators in some aspects of the configuration

1067 of the activities, such as the location of the interaction areas,

1068 and the feedback in the miniature image that EDIT shows of

1069 the tabletop interface. It was also observed that the educators

1070 sequenced their activities within the project according to their

1071 own criteria, which may have contributed to the usefulness

1072 perceived by them and expressed in the TAM questionnaire.

1073 This feature makes it possible to customize the project, an

1074 aspect positively valued by educators, and which was not

1075 found in the ATs analyzed in Section III. This was also consid-

1076 ered positively by the Focus Group, as they related this cus-

1077 tomization to the needs of working with different groups of

1078 students [23], [30], [31], [32]. The configuration of different

1079 aspects such as the background and the different kinds of feed-

1080 back was used in the creation of the projects and mentioned as

1081 a positive aspect during the sessions. The template for content

1082 presentation provided by EDIT was used to give feedback on

1083 task processing [52]; in all cases, the educators completed the

1084 steps that students should attend to in order to carry out an

1085 activity. This was done using text, image, and/or video, which

1086 may indicate that they found this possibility useful. This fea-

1087 ture of EDIT is considered a contribution in relation to other

1088ATs. Although some ATs like [47], [57], and [64] indicate

1089that the AT they present gives the possibility of editing the

1090feedback, they mainly provide feedback about the task. Kitvi-

1091sion explicitly mentions the processing of the task feedback.

1092None of them indicate self-regulation feedback or affective

1093feedback. EDIT guides educators to complete the instructions

1094for the processing of the task and it also includes the possibil-

1095ity of being aware of the time expended on each activity as

1096self-regulation feedback. The interface of EDIT also enables

1097incorporating affective feedback through audios, images, or

1098text. Educators used and valued these possibilities during the

1099sessions carried out. This positive valuation of feedback coin-

1100cides with the results of a recent work using a tangible robot

1101system, which has a component designed to give automatic

1102feedback in relation to the programming task being performed

1103by students [81]. While in the case of EDIT the feedback is

1104given through templates completed by educators (which

1105makes it flexible), it can also be considered as future work to

1106develop an automatic feedback component that complements

1107the one configured by educators in each activity of a project.

1108For example, the automatic feedback could alert users that the

1109time to complete the activity is about to finish or it could

1110describe the type of error made by a student.

1111The results analyzed here represent an opportunity to reflect

1112on this type of AT for the educational scenario.

1113VIII. LIMITATIONS

1114Although the results of this work show a high degree of

1115acceptance of EDIT for the creation of TI educational activi-

1116ties, some limitations need to be pointed out.

1117The sessions were held with a small group of educators. In

1118future research, this group will be increased with a more

1119diverse population. Also, the sessions were carried out in con-

1120trolled environments with multimedia resources, most of them

1121provided by the researchers who conducted the study. It is

1122important to perform these tests in a real context, making

1123applications for the areas of interest of each educator, with the

1124resources chosen by them and then using the applications cre-

1125ated with their students. The TAM instrument was used with-

1126out the FCs items, because there are as yet no user manuals

1127and tutorials that would serve as an aid for educators in the

1128version of EDIT used in the sessions. This aspect will be taken

1129into account in future evaluations.

1130IX. CONCLUSION AND FUTURE WORK

1131This work presented EDIT, an AT for creating TI applica-

1132tions oriented to the educational scenario. The tool was

1133designed considering the necessity, detected in previous works,

1134to develop an AT that allows experts in specific domains to use

1135it, without programming knowledge. The research carried out

1136has been taken into account in developing EDIT, which offers

1137distinctive features compared to other state-of-the-art tools.

1138EDIT considers some of the aspects not found in other tools,

1139such as the sequencing of activities, the different kinds of feed-

1140back offered, and the standardized packaging and meta-annota-

1141tion of projects.
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1142 The results of the sessions showed a very high acceptance of

1143 EDIT for creating TI educational activities. The educators con-

1144 sidered EDIT as a bridge for bringing TI to the classroom. The

1145 acceptance by the participating educators yielded a very good

1146 result, although one of the model variables was rated with a

1147 lower score (Moderate). In addition, the results obtained showed

1148 that the educators involved were interested and motivated by the

1149 possibilities of TI in their educational contexts of work. One of

1150 the highlights revealed during the sessions is that participants

1151 needed examples to be able to conceive their own educational

1152 activities with TI. In general, they considered that this technol-

1153 ogy favors learning situations with children, and/or in the field

1154 of special education. They expressed the need to further analyze

1155 the use of TI in activities with adults or to see examples aimed at

1156 a teenage/adult audience. Therefore, a space where educators

1157 can share their TI applications should be created, promoting

1158 application reuse by adapting projects to different contexts, and

1159 offering inspiration for the creation of their own TI applications.

1160 The EDIT feature for standardized packaging and meta-annotat-

1161 ing projects is a contribution in this sense.

1162 As future work, we plan to add to EDIT new templates that

1163 enable the creation of other types of TI activities, based on the

1164 activities that educators said they would like to create, and we

1165 will consider the feedback received from educators in relation

1166 to usability aspects. Additionally, the study will be extended to

1167 a larger and more diverse population. Finally, the creation of an

1168 environment or community where educators can share TI

1169 applications will be addressed as a central aspect, to pro-

1170 mote the dissemination of this technology. Making an AT

1171 such as EDIT and its source code available is considered

1172 important for bringing this project to society and furthering

1173 our goal of extending the use of TI in educational contexts.
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