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Abstract: The purpose of this study focus on "digital learning sheets" by exploring the effects of
different design strategies of the digital learning sheet on visitors' motivation and learning out-
comes. This study chose the woodcraft themed exhibition as a case study, adopting the learning
sheet design principles proposed by Hooper-Greenhill in order to design three types of digital learn-
ing sheets for this exhibition. A control group of students who did not use the sheets and three
experimental groups of students who used the sheets were invited to visit the exhibition for the
purpose of examining the impact of different strategies of digital learning sheet design on the "learn-

ing motivation" and "learning outcomes" of the visitors.

The study results show that among the four learning motivations of Attention, Relevance, Confi-
dence, and Satisfaction, the digital learning sheet designed with the "principle of sensory explora-
tion of physical objects" had the highest effectiveness among the various design strategies. In terms
of three aspects of learning outcomes: Cognitive, Affective, and Psychomotor, the three types of
digital learning design strategies do not produce significant differences in the affective impact on
children. As for coenitive and psychomotor, students learn best when they use digital learning
sheets designed the "design principle of sensory and exploration of physical objects". The re-
sults of this study will provide future exhibition planners, digital learning designers, and educators

with precise and practical references.

Keywords: Digital Learning Sheet Design, Exhi ~ m, Informal Education

1. Foreword

A city that is constantly moving forward and improving towards a better vision must
'e a sound education and a mindset of learning. The development of learning cities is
related to the issues of sustainable development and global citizenship [6]. According to
the United Nations Educational, Scientific and Cultural Organization (UNESCO), holistic
learning strengthens citizenship, social integration, economic development, cultural pros-
perity, and sustainable development [7, 8]. Museums in cities play a vital role in both
universal education and lifelong education. Hooper-Greenhill et al. [3] point out in "Mu-
seums and Social Inclusion: The GLLAM Report" that exhibitions and educational out-
reach activities can promote egalitarianism in social education. In addition, to assist
school children to learn in a contextualized, non-formalized, and spontaneous way and
provide a learning environment that is different from the school education model, the
museums are capable of contributing to social education and culture. Moreover, they can
provide professional, public, and diversified educational resources for socially disadvan-
taged individuals, groups, and organizations, and enhance the competitiveness of the na-
tional society [9].
An exhibition "learning sheet" is an educational material that combines the
functions of guiding visitors for reading, exhibition participation, interaction, observa-
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tion, reflection, debate, and even advertisement, and has been widely implemented in ma-
jor museum exhibitions around the world. A quality digital learning sheet design can en-
hance effective information transfer, educational learning, learning motivation and out-
comes; while a poor quality digital learning sheet design may eliminate the characteristics
and values of museum exhibitions, educational benefits, and could mislead users in the
wrong direction of the exhibition learning process and outcomes. Learning sheets are cru-
cial to the promotion of education in exhibitions, but with the pace of modernization, the
use of digital learning sheets remains rare, at least in Taiwan where no museums have yet
provided "digital learning sheets" for citizens. We saw the importance of investing in such
a study and were motivat~- *o research towards the goal of how museums can design
effective digital learning sl s.

The National Taiwan Craft Research and Development Institute(hereinafter NTCRI,)
established for research, education, exhibition, collection and pres -1+ ation, is located in
the central part of Taiwan, where the craft industry is flourishing and is an important
representative of Taiwan's regional museums. In this study, we chose the "Exhibition of
Taiwan’s Woodcrafts" organized by the NTCRI as a case study. We first learn the process
of exhibition planning and the establishment of educational p '+ oses, and then we ex-
plored the effects of different digital learning sheet design strategies on visitors' motiva-
tion and learning outcomes. In summary, the objectives of this study are to:

1. Explore how the exhibition objectives correspond and integrate 1 the educational
objectives and educational contents in the exhibition planning framework.

2. The effect of different design approaches of digital learning sheets have on the learn-
motivation and learning outcomes of student visitors in craft themed exhibitions.

2. Literature Review
2.1. The Education of Museums

Museums have a history of more than 2,000 years, and the earliest museum in the
world, The Mouseion of Alexandria, was established in 290 BC by the Egyptian king Ptol-
emy Soter for royal collections, research, and lecturing purposes [1, 2]. With the spread of
the knowledge of educational equity, museum scholar Hooper-Greenhill proposed the
"post-museum"” discourse in 2000, and began to reflect on and criticize the identity of mod-
ern museums; and in post-museum mindset, the nature of the exhibition should be com-
pletely open-tl en ed, free and random, and provide the audience with the knowledge to
explore from it [3]. Contemporary museums should be able to respond to the development
needs of society, transforming from the object-oriented management mindset of the past
to an object-oriented strategy, as well as thinking about the visitor orientation, so that a
high level of communication between the audience and the exhibition becomes the main
axis of thinking in contemporary museums. According to the International Council of Mu-
cetims(ICOM) definition of museum [4], adopted by the 22nd General Assembly in Vi-

1a, Austria, on 24 August 2007, is as follows: “A museum is a non-profit, permanent
institution in the service of society and its development, open to the public, which ac-
quires, conserves, researches, communicates and exhibits the tangible and intangible her-
itage of humanity and its environment for the purposes of education, study and enjoy-
ment [2021].” As Graeme K Talboys [5] argues the important role of active cultural inter-

tation and social communication education, the existence of museums is expected by
the community, and for educational purposes to carry out acts of operation such as acqui-
<itign, preservation, maintenance, research, dissemination and demonstration. Appar-

ly, contemporary museums focus not only on the single aspect of exploration and ex-
port of knowledge through acquisition, research, preservation, and demonstration. As
early as 1992, the American Association of Museums highlighted in "Excellence and
Equality: Education and the Public Dimension of Museums,"the importance of museum
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nrerations in social service, shifting the orientation of museums to consider their involve- 94
nt in the development of local communities as well as to focusing on issues of local 95
community events and community identity and connections, and the establishment of so- 96
cial networks [16]. Today's museums should think beyond the framework of exhibitionin 97
buildings, focusing on their social functions, displaying various records of people and the 98
environment, and reinforcing conceptual aspirations and cultural values, which is why 99
many community museums, regional museums, folk museums, neighborhood museums, 100
school museums, etc. have been established successively. In a message delivered by Al- 101
berto Garlandini, President of ICOM on the occasion of International Museum Day inMay 102
2021 [4], he mentioned that the imagination of future museums must be constructed to- 103
day, and that museum professionals are working for innovative social activities, digitiza- 104
tion, new cultural experiences, and complex forms of communication. 105
Museums are an important asset for local development, and their cultural signifi- 106
cance relates to identity, knowledge, emotion, and life in the development of society as 107
well as the intangible cultural heritage of the exhibitions they operate and the dialogue 108
they have with the community. However, the operation of museums is a complex system, 109
it specifically emphasizes cross-disciplinary integration, and postmodern museums may 110
involve various disciplines, such as sociology, culturology, anthropology, semiotics, art 111
education, management, integrated marketing, digital media technology, and other fields; 112
moreover, it combines theoretical exploration and operational practices[17]. The develop- 113
ment of museums should be based on the long-term development onals of local area, city, 114
and even nation. 115
In the case of museum development in Taiwan, the "Social Education Act" [18] prom- 116
ulgated in 1953 defined museums as one of the social education institutions and could be 117
established by the central or local governments for the purpose of promoting cultural con- 118
struction, cultivating artistic interests, popularizing technological intelligence, and other 119
18 social education tasks. In 2002, the "Lifelong Learning Act"[19] included museums as 120
nart of lifelong education institutions, and we are working together to promote lifelong 121
ication and strengthen social education. In 2016, Taiwan promulgated the "Museum 122
Act"[20] which defined museums in Taiwan as non-profit institutions engaged in the ac- 123
quisition, conservation, restoration, maintenance, and study of tangible and intangible ev- 124
idence of human activities and the natural environment, and that are open on a regular 125
basis for the public for the purpose of exhibition, educational promotion, or other uses. In 126
particular, it emphasizes that museums should enhance educational and scholarly func- 127
tions and improve communication with the public to achieve the purpose of cultural her- 128
itage transmission, art promotion, and lifelong learning; and it is recommended that meth- 129
ods such as "undertaking research related to the museum's purpose or established theme," 130
"transforming research results into content for exhibitions or archived collections," "carry- 131
ing out education promotion activities or publication of relevant materials" to achieve ed- 132
ucational goals. 133
The emphasis of education is an important transformation in the operation of muse- 134
nms after the 1980s. Museums have become units of public learning and have become part 135
he collaborative promotion of education [15, 21]. Unlike the institutionalized teaching 136
model of schools, museums maintain flexibility and are able to plan different exhibitions 137
and activities for different themes, ethnic groups, and educational purposes, and set spe- 138
cific periods for exhibitions and activities. Museums, in particular, provide visitors witha 139
high degree of experiential participation, making visitors the subjects of exploration, ex- 140
perience, and interaction, actively acquiring diverse and meaningful intellectual cognition 141
and experience from the exhibition, and even generating self-identifying emotional re- 142
sponses, which sometimes have more innovative possibilities with informal education 143
models [22]. 144
From the viewpoint of museum education, the interactive experience model pro- 145
posed by Falk and Dierking [21] in "The Museum Experience" is one of the important 146
learning processes, which focuses on the interaction between three contexts, which are 147
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personal context, social context, and the physical context of the museum, of which inter- 148
active experience is formed. As for the participatory experiential learning model, it has 149
been interpreted by Kolb [23], who argues that learning from reflection on doing empha- 150
sizes the importance of experiential learning and that the learning process is built on past 151
experiences of life and new experiences. Therefore, if we look at the process of knowledge 152
transfer in museums from the viewpoint of cognitive theory, it is based on the viewpoint 153
of constructivist learning theory, where museums provide exhibitions with multiple char- 154
acteristics such as materiality, narrativity, sociality, activity, and multimodality that in- 155
duce visitors to participate meaningfully and actively [24, 25]. Therefore, in terms of the 156
process of knowledge construction, learners must combine th ~c aspects, which are the 157
past knowledge and experience, the social and cultural context, and the new knowledge 158

experienced through participation in the exhibition [26]. 159
160
2.2. Educational Tools for Museums: Learning Sheets 161

In the process of visiting an exhibition, visitors participate with their thematic inter- 162

ests and concepts according to the attractiveness of exhibits, level of concern, time sched- 163
uling, and spatial configuration[21], however, if we look at it from the perspective of ed- 164
ucation or information transmission, there are much "noises" in the exhibition environ- 165
ment that might decrease visitors' commitment to the exhibition. The learning sheetin the 166
exhibition serves as an important medium of communication between visitors and the 167
exhibition. Through logical, purposeful, and systematic design, visitors will be able to fol- 168
low the guidance of the learning sheet and become more engaged in the exhibition. How- 169
ever, learning sheets are supplementary tools for education and learning and the design 170
of learning sheets deserves more attention. If they are designed like flyers, or fail to high- 171
light the context of the exhibition theme or fail to relate to the life experience of the visitors, 172
they will not be of any benefit. 173
A museum exhibition learning sheet can be designed for different educational pur- 174
poses, including extended, integrated, exploratory, and activity-based learning sheets. 175
The format can vary according to convenience, operativity, interactivity, and effective- 176
ness, such as booklets, leaflets, folders, and other printed formats, or presented on digital 177
carriers, or even downloaded by visitors from their cell phones. In terms of learning sheet 178
content and question design, Grinder and McCoy [27] suggested four types of question 179
design, which are memory questions, integrated questions, open-ended and creative 180
questions as well as critical and evaluative questions. Museum curator Hooper-Greenhill 181
[14] emphasizes that visitors should use various senses to learn from exhibitions, and be- 182
lieves that the museum learning model can be divided into five levels, which are: stage 1 183
sensory and exploration, stage 2 discussion and analysis, stage 3 memory and compari- 184
son, stage 4 deep thinking from different cultural backgrounds, and stage 5 cross-field 185
interaction and application. If we examine the four stages of cognitive development, 186
which is proposed by Piaget, the senior of elementary school to the middle school level 187
can already adopt an egocentric viewpoint and they are capable of hypothesizing, inter- 188
preting, reasoning, and systematically organizing, comparing, and solving-knowledge 189
learning problems. Hooper-Greenhill [14] also proposed three aspects of the question de- 190
sign of the learning sheets, which are 1. a sensory exploration of physical objects, 2. mem- 191
orization, comparison, and integrative association, and 3. problem discussion, analysis, 192
and integrative comparison and commentary. This perspective also offers important 193
guidelines for the design of the digital learning sheets. 194
195

2.2. Perspectives from Learning Theory 196
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Learning theory provides abundant insights into the practical work of museums in 197
planning exhibitions. This chapter explores the various possibilities of museum exhibi- 198
tions for visitor learning frc m f aree perspectives of learning theory. The three perspectives 199
include "constructivist learning theory" which explores the learning resources available to 200
visitors at the exhibition. The "educational goal theory" discusses the different compo- 201
nents of education and learning goals that the exhibition can provide. The "learning mo- 202
tivation theory" focuses on how the exhibition enhances various learning motivations, at- 203

titudes, and behaviours of visitors. 204
205
2.3.1. Constructivist Learning Theory 206

Museum exhibitions provide visitors with an informal, spontaneous, and enjoyable 207
learning environment. Exhibition planners must contemplate on how to reorganize and 208
:grate the displayed objects' connotations, knowledge, spirit, and emotions with differ- 209
ent display methods, media, space, and object settings to provide visitors with the oppor- 210
tunity to reconstruct new knowledge frameworks and cognition through the process of 211
visitation and experience. In this process, visitors must constantly carry out the tasks of 212
cognitive "assimilation” and "adjustment” in the process of cognitive reconstruction 213
through the information received and interp <i- tion strategies of Prediction, Observation, 214
and Explanation (also known as POE strategies) [28] [29]. We can thus conclude that mu- 215
seums provide important learning resources for situated learning just as Lave and Wenger 216
[30] further pointed out that situated learning can be a result of the interaction of activity, 217
context and culture. In addition to the process of personal knowledge construction, mu- 218
seum exhibition design can also create the benefits of cooperative learning through col- 219
laboration, work sharing, communication, and debating among visitors under the guid- 220
ance of planned social interaction [31]. 221
Lev S. Vygotsky (1896-1934) and Jean Piaget (1896-1980) are praised as the most im- 222
portant scholars of constructivist learning theory in the late twentieth century, and their = 223
ideas about the cognitive construction of learning have received much attention in muse- 224
ology. Vygotsky's theory of social construction emphasizes the significance of social ac- 225
tivities and three important points made by Vygotsky are critical references for museum 226
exhibitions. Firstly, the "Egocentric Speech" or so-called inner-dialogue, as Vygotsky ar- 227
gues, is beneficial in guiding children's thinking and actions in their learning process. 228
Therefore, if the process of visiting an exhibition can induce children to state their inner 229
thoughts, express and discuss them, it may become a strategy conducive to learning. Sec- 230
ondly, the "Zone of Proximal Development (ZPD)," refers to the gap between children's 231
current knowledge level and the knowledge level they can achieve after being taught by 232
others. Lastly, the "Scaffolding," which is the importance of the instructor in the learning 233
process as suggested by Vygotsky, who believes that a teacher or a more capable peer who 234
provides appropriate assistance will help children's learning [26, 32, 33]. 235
In Piaget's Genetic Epistemology, the internal learning process is described in terms 236

of "Organization" and “Adaptation.” The "Organization" refers to how people organize 237
their experiences and knowledge into logical combinations and define the relationship 238
between each other logically so that people can complete their work efficiently when fac- 239
ing difficulties. "Piaget believes that cognitive development is a cumulative process that 240
builds on existing knowledge (or Schemata) and continues to construct larger or deeper 241
knowledge structures. Piaget considers this as a "theory of self-regulation" in which coor- 242
dination can be divided into two processes: "assimilation” and "accommodation”. In addi- 243
tion, Piaget further divided the cognitive development of children and adolescents into 244
four stages, namely: "Sensory-Motor," which is about 0-2 years old, and is characterized 245
by sensory and motor functions, mostly instinctive reflex behaviours; "Preoperational,”" 246
which is about 2-7 years old, in which children Preoperational" is about 2-7 years old, in =~ 247
this stage children can gradi aily express and use symbols verbally, but their thinking 248
ability is not fully logical yet; "Concrete Operational” is about 7-11 years old, in this stage, 249
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they can think concretely and have the ability to think in reverse; "Formal Operational”is 250
about 11-15 years old, at this time they can do abstract thinking. They can think abstractly, 251
solve problems in a hypothesis-tested scientific way, and think through oo cal rules [34, 252
35, 36, 37]. Some museums have developed based on Piaget's learning theory, such as the 253
Boston Children's Museum, San Francisco Children's Discovery Museum, and Children's 254
Creativity Museum. This makes it necessary for museums to consider not only the theme 255
and content of the e> hil ition, but also the presentation methods and media, the age of the 256
visitors, the cognitive schemata, the learning background, and even the educational sys- 257
tem and system implemented by the society as a whole, to provide appropriate exhibition. 258

259

2.3.2. Perspectives from Educational Objectives 260

From an educational point of view, the designing of educational content is often con- 261
sidered from a "goal-oriented" and "process-oriented" perspective. A "goal-oriented" edu- 262
cational content design emphasizes the outputs and outcomes of learning and the goals 263
that the educational content is intended to achieve are predetermined before the educa- 264
tional content is designed. On the contrary, "process-oriented" education emphasizes the 265
process of learning, experience, and inquiry as well as the level of engagement of the 266
learners. The American educator Tyler proposed the principles of content design and the 267

er Evaluation Model in his book "Basic Principles of Curriculum & Instruction,” which 268
reminded the importance of establishing educational goals, selecting learning experi- 269
ences, organizing learning experiences, and conducting the evaluation. [38], and such a 270
model provides an important reference reminder for exhibition planning. 271

In Taiwan, the 12-year national basic education policy was implemented. In 2015, the 272

tional Academy for Educational Research promulgated the "curriculum guidelines of 273
12-year basic education general guidelines: core competency development handbook" to 274
provide a reference for education in various fields. "Core competency” as defined in the 275
handbook refers to an ability to meet various needs in life, including the ability to use 276
knowledge, cognitive and skills, as well as attitudes, affections, values and motivations. 277
In the manual, it is emphasized that learning performance in achieving educational goals 278
should be examined and evaluated along three dimensions: the "cognitive process dimen- 279
sion," the "affective dimension," and the "psychomotor dimension. These three learning 280
performance dimensions are based on Bloom, Krathwohl, and Simpson's theoretical divi- 281
sion of teaching objectives into three domains: cognitive, affective, and psychomotor do- 282
mains [39, 40, 41]. 283

A research team led by Benjamin Samuel Bloom (1913-1999) published "Taxonomy 284
of Educational Objectives: The Classification of Educational Goals. Handbook I: Cognitive 285
Domain" in 1956. Cngnitive Domain" provided an important reference for educators from 286
the perspective o i~ irning objectives and assessment, and its coonitive classification sys- 287
tem divided the cognitive domain into six levels according t» - ifferent levels of perfor- 288
mance. Forty-five years later, Anderson and Krathwohlh published "A Taxonomy for 289
T earning, Teaching, and Assessing: A Revision of Bloom's Educational Objectives," a re- 290

on of Bloom's cognitive theory in which the cognitive objectives were divided into the = 291
Inowledge dimension and the cognitive process dimension. The Knowledge Dimension 292

livided into four categories: Factual Knowledge, Conceptual Knowledge, Procedural 293
Knowledge, and Meta-cognitive Knowledge, reminding educators and curators of the im- 294
portance to think about what to teach when planning the content of education; whereas 295
the Cognitive Process Dimension is divided into six categories: Remember, Understand, 296
Apply, Analyze, Evaluate, and Create, reminding educators of the significance of how 297
ediicational content could motivate learners of retention and transfer knowledge [41]. This 298

dy was designed to examine the impact of different digital learning sheet design strat- 299
egies on the learning effectiveness of visitors to the exhibition and to consider the theoret- 300
ical basis of Taiwan's educational policies, which was chosen to develop the learning ef- 301
fectiveness questionnaire for this study. 302
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303

2.3.3. Learning Motivation and Outcomes 304

Museums feature the qualities of informal educat’~~ including the characteristics of 305
1) visitors are free to choose their learning ways and n 1 in an informal education con- 306
text; 2) it is a place without the pressure of assessment and competition as in school edu- 307
cation; 3) the learners' appreciation of learning can be supported by the exhibition envi- 308
ronment and information. In museum exhibitions, visitors have the nower to free-choice 309
learning, choosing and controlling the content and methods of lea i 1g based on their 310
interests and needs [21, 42]. 311

Museums play a role as educators in society, according to Hooper-Greenhill [43], cit- 312
ing a report by the Research Centre for Museums and Galleries, RCMG: "Modern muse- 313
ums play an important role in an inclusive society, supporting the life 0 ; learning of 314
different groups. Therefore, the activities and exhibitions planned by museums must in- 315
teract with the public in an adequate and age-appropriate educational manner. The ser- 316
vices that museums can provide through different information and computer technolo- 317
gies should be improved; and to provide an environment that enables audiences to learn, 318
form motivation and generate interest in learning [3, 44, 45]. Scott [46] regards museum 319
resources, displays, and related educational activities as "products” that museums provide 320
to the public, and emphasizes the idea that learning outcomes should be valued as an 321
educator. In museums, learning outcomes refer to the various tangible and intangible 322
takeaways that visitors receive through the "products” of the museum. Therefore, to ex- 323
amine the degree to which visitors acquire from the various types of "products" offered 324
by the museum, the assessment of learning motivation and learning outcomes is used as 325
evidence to observe the progress of these visitors [47, 48]. 326

Motivation to learn is the driving force that causes learners to engage in learning 327
behaviours. Museum exhibitions that make good use of learning sheets as a tool to guide 328
visitors through the learning process and focus may inspire visitors to explore the contents 329
of the exhibition. In general, learning motivation can be divided into intrinsic motivation 330
(or regarded as personal variables), which is the drive to learn and i i< >romoted by the 331
learner's intrinsic needs, such as the desire to learn; and Extrinsic Motivation (or regarded 332
as environment variables, is the desire to learn due to external environmental stimuli, in- 333
ducements, and guidance [49]. Keller [50] once used the ARCS motivation model to ex- 334
plain people's motivation to learn. From the viewpoint of museum exhibition education, 335
the "A" stands for attention, which means to consider the attractiveness of the theme, con- 336
tent, aspiration, and form of the exhibition whether it catches visitors' attention and curi- 337
osity. The "R" stands for "relevance" which means to consider how the content of the ex- 338
hibition may engage visitors' personal needs, life, and produce meaningful relevance. "C" 339
stands for confidence that the ability of visitors should enable them to participate in vari- 340
ous learning activities in the exhibition with moderate difficulty and challenge. "S" stands 341
for "satisfaction,” which is the satisfaction that the exhibition provides, in terms of how 342
pleasant experience, spiritual enhancement, and knowledge learning satisfaction that vis- 343
itors can get from the process of visiting the exhibition [51, 52]. In this regard, Dornyei 344
[53] points out that the satisfaction of learning is fundamental to the motivation of learn- 345
ing because it confirms that the learner's efforts and the whole learning process are di- 346

rected towards a goal, purpose, and value. 347
3. Study Methodology 348
3.1 Framework and Hypotheses 349

This study examines whether the design strategies of different digital learning sheets 350
have an impact on the learning outcomes of the school children who visit the exhibition. 351
Drawing from the literature review, this study chose the principles of learning sheet de- 352
sign suggested by Hooper-Greenbhill to design the digital learning sheets for the exhibition 353
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and to provide the children who visited the exhibition with digital learning sheets on their 354
iPads. Such a learning sheet is different from the conventional paper-based format and 355
will provide more interactive, audio-visual, and hyper-linked information to give school 356
children more diversified, interesting, and intimate ways to learn. For the purpose of this 357
study, the following research framework diagram (Figure 1) is proposed based on the 358

previous discussions of related theories. 359
360
Digital Learning Sheet Design and Learning Motivations
Usage H1 - H4 | 1. Attention
1. No learning sheets (Group A) "| 2. Relevance
2. Sensory and exploration design 3. Confidence
approach (Group B) 4. Satisfaction
3. Design approach of memorization,
comparison, and integrated H3
H2 ~ H5

association (Group C)

A4

4. Design approach of discussion, ]
. i . Learning Outcomes
analyztion, integrated comparison, . .
1. Cognitive Domain
and commentary (Group D) i i
2. Affective Domain

3. Psychomotor Domain

Figure 1, Research Framework 361

362

In Figure 1, the relationship between the concepts of "design and usage of digital 363
learning sheets," "learning motivation," and "learning outcomes" is presented in the frame- 364
work of the study. In the first phase, the researcher participated in the " Exhibition of Tai- 365
wan's Woodcrafts" organized by the NTCRI, which was established in 1954 as a regional 366
museum for research, education, exhibition, and collection. This study was based on the 367
educational objectives of the "Exhibition of Taiwan's Woodcrafts," and the study was con- 368
ducted through expert meetings and the design of digital learning sheets for the exhibition 369
was based on the principles of learning sheet design suggested by Hooper-Greenhill. Stu- 370
dents were provided with digital learning sheets on iPads to use in the exhibition. In the 371
second phase, students aged 11 to 15 were invited to the exhibition, and a total of four 372
groups of students participated (groups A, B, C, D). One of the four groups of students 373
are designated as the "control group” (group A) who did not use the digital learning 374
sheets. The other three groups of students were designated as the "experimental group" 375
(groups B, C, and D) who used digital learning sheets designed with different design prin- 376
ciples. The purpose is to verify the influences of different digital learning sheet design 377
principles on the motivation and learning effectiveness of the students. Details of the 378
study design will be described in the next section. 379
To investigate the relationship between the concepts of "design and usage of digital 380
learning sheets,” "learning motivation," and "learning outcomes," this shidy will be con- 381
ducted empirically and the following research hypotheses are propose 382

e  H1: The "learning motivation" of the group with digital learning sheets is signifi- 383
cantly higher than that of the group without digital learning sheets. 384
e  H2: The "learning outcomes" of the groups with digital learning sheets were signifi- 385
cantly higher than those of the groups without digital learning sheets. 386
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e  H3: Regardless of the use of digital learning sheets or not, "learning motivation" has 387
a significant and positive impact on "learning outcomes". 388

e  H4: There is a significant difference in the effect of different "digital learning sheet 389
design strategies" on "learning motivation". 390

e  Hb5: There is a significant difference in the impact of different " digital learning sheet 391
design strategies" on "learning outcomes". 392
In the final part of this study, we will comment on the potential benefits and changes 393
in the practice of these digital learning sheet design strategies for museum exhibitionsand 394
educational activities, as well as suggestions for future use. 395

3.2. Research Process 396

According to the purpose of this study, two-stage research processes were con- 397
ducted. The first stage is the researcher's participation in the exhibition curation of the 398
"Exhibition of Taiwan’s Woodcrafts,” to gain an in-depth understanding of the starting 399
point, motivation, purpose, creative ideas, and exhibition design planning; with in-depth 400
participation of curating the exhibition such as visual design, interactive design, spatial 401
planning, and exhibition service flow, etc., we have summarized the “Art-craft Value 402
Level and Exhibition Structure Relationship Diagram" of the “Exhibition of Taiwan’s 403
Woodcrafts” project, and this provides an important basis for the second stage of research. 404
(The exhibition period of "Exhibition of Taiwan’s Woodcrafts" is: April 30, 2021, to Octo- 405
ber 17, 2021) 406

In the second stage of the research, the " Exhibition of Taiwan’s Woodcrafts" was the 407
subject, and three types of digital learning sheets were designed according to the design 408
principles suggested by Hooper-Greenhill. The main goal of such a design is to developa 409
digital learning sheet in HTML and JQUERY that can be used on iPads. The digital learn- 410
ing sheets designed by the Institute are different from the printed learning sheets by of- 411
fering users of digital learning sheets a more user-friendly interactive interface, such as 412
the use of friendly fill-in answers and the use of hyperlinked information (video, text) for 413
extended reading and other interactive content. 414

The study was conducted by inviting upper elementary school children and junior 415
high school children in central Taiwan, aged between 11 and 15 years old, to be tested 416
from May 20 to September 17, 2021. The subjects were divided into four groups and the 417
testing period did not overlap to avoid interferences. Among the four groups, one of them 418
was the control group of "no learning sheet" (Group A) with 81 participants, while the 419
other three groups participated in different experimental groups with 84 participants in =~ 420
the “sensory and exploration design approach" (Group B), 77 participants in the "design 421
approach of memorization, comparison, and integrated association" (Group C), and 75 422
participants in the "design approach of discussion, analyzation, integrated comparison, 423
and commentary" (Group D). The number of participants in this study was 317 in total. = 424
Before visiting the exhibition, each group of students completed a "pre-test questionnaire” 425
to find out what knowledge did they knew about the "Exhibition of Taiwan’s Woodcrafts". 426
After the pre-test, the students were guided by professional guides on how to operate the 427
digital learning sheets and were guided through the exhibition tour, as well as the reading, 428
filling and discussion of the digital learning sheets. After each group visit, a "post-test 429
questionnaire” was then conducted to examine the progress of the students' learning out- 430

comes. 431
3.3. Research Tools and Analysis Strategies 432
3.3.1. Review of Learning Outcomes 433

To examine the learning outcomes of the four groups of students, A, B, C, and D, 434
after visiting the exhibition and using the digital learning sheet, the study adopted the 435
ARCS model of learning motivation theory and the development of the three dimensions 436
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of learning effectiveness: cognitive, affective, and psychomotor. The "pre-test question- 437
naire" and "post-test questionnaire" were designed with different questions and were 438
given to groups A, B, C, and D to fill out before and after the visit with 4 questions each 439
on the for aspects of attention, relevance, confidence, and satisfaction, using Likert's 5- 440
point < 2! »; and 5 questions each on the three aspects of cognition, affect, and psychomo- 441
tor, using multiple-choice questions for a total of 31 questions. Among them, we designed 442
3 reverse questions in order to examine the reliability of the respondents' answers. 443

The analysis of learning effectiveness in this study was based on the "increase in the 444
number of correct questions" in the cognitive, affective, and skill dimensions of the post- 445
test questionnaire compared to the pre-test questionnaire. 446

3.3.2. Digital Learning Sheet Design 447

Based on the three different learning sheet design principles proposed by Hooper- 448
Greenhill, this study was conducted to design and produce digital learning sheets on the 449
educational and knowledge contents of the "Exhibition of Taiwan’s Woodcrafts". The in- 450
formation contained in the three different learning sheets, such as extended readings and 451
videos, were all consistent in order to avoid research bias caused by information differ- 452
ences. The design process of the digital learning materials was discussed and designed in 453
the form of expert meetings with the participation of curators, university teachers of edu- 454
cational fields, elementary school teachers, junior high school teachers, visual and inter- 455
face designers, engineers, and our researchers for a total of seven people. The focus and 456
content of each of the three different study sheet designs are briefly described as follows. 457

“Sensory and Exploration Design Approach” (Group B): The 18 questions in this 458
learning sheet are designed to highlight the process of guiding students to respond to the 459
questions, and to explore and learn through the five senses when visiting the exhibition. 460
It is anticipated that the students may construct an integrated concept in the process of 461
exploration. For example, students are encouraged to explore the weight, aroma, and 462
sound of each type of domestically-produced wood as well as try out wooden furniture, 463
toys, and utensils, while considering the characteristics of the wood and processing tech- 464
niques behind these exhibits. 465

"Design Approach of Memorization, Comparison, and Integrated Associa- 466
tion"(Group C): This 16-question learning sheet is designed to emphasize the comparison 467
between the new knowledge learned in the exhibition and students' past experiences, and 468
to stimulate expanded thinking and discussion among students and their peers. The dis- 469
cussion of the comparison, correlation, and the cause and effect of different knowledgeis 470
also designed in the contents of the learning sheet. For example, students were asked if 471
they could recall any household items made with the techniques of mortise and tenon 472
joints; or questions about their memories of observing natural plants at different altitudes 473
in the past. 474

“Design Approach of Discussion, Analyzation, Integrated Comparison, and Com- 475
mentary"(Group D): This learning sheet consists of 16 questions. The design of the con- 476
tents emphasizes guiding students to observe, analyze, and examine the questions so that 477
they can read further the various information provided in the exhibition and further guide 478
them to have group discussions, comments, and critiques through learning sheets. For 479
example, how can we fulfil our responsibility to protect the environment in our lives? 480
How can different wood tools be used? How does mechanical production compare with 481
manual production? As well as designing a table by yourself and other contents. 482

483
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484

485

Figure 2. In this study, three digital learning Figure 3. The tour guide first guided the stu- 486

sheets were designed based on Hooper-Green- dents on how to use the digital learning 187

hill's suggestions for the design of learning sheets, and then guided them step by step 488

sheets, and the IPADs were used by visiting stu- through the questions during the tour. 489
dents.

490

491

3.3.3. Reliability Analysis 492

The total number of questionnaires collected in this study was 317, excluding the 493
invalid questionnaires due to omission or incorrect completion of the reverse question, 494
the total number of valid questionnaires was 312, and the recovery rate was 98.4%. To 495
examine the consistency of the questionnaire content in the "Learning Motivation ARCS" 49
section, the study first examined the internal consistency of the questionnaire using 497
Cronbach's alpha reliability analysis. The results of the reliability analysis showed that the 498
overall reliability of the questionnaire reached 0.916, and the reliability values of each 499
measure were greater than 0.7 (Hee, 2014) (Table 1), indicating that the results of the ques- 500
tionnaire analysis are reliable. Subsequently, Pearson correlation coefficient analysiswas 501
chosen for the validation of the study hypothesis (H3) and one way ANOVA was chosen 502

for the mean difference (H1, H2, H4, H5). 503
504
Table 1: Reliability Analysis of Learning Motivation ARCS Measurements in Four Groups 505
Learning ,
Motivation Cronbach’s Alpha
A 0.857
R 0.805
0.916

C 0.887

S 0.840
506
4. Research Analysis 507
4.1 The first stage of study: The interpretation of the development of Taiwan woodcraft 508
industry with the concept of Survival, Living, and nhilosophy of Life. 509

In the first phase of this study, the researc - joined the curatorial team of "Exhibition 510
of Taiwan’s Woodcrafts" as consultants and exhibition curator since March 2021, and par- 511
ticipated in exhibition meetings, planning, exhibition execution, opening activities, and 512
volunteer guide training. Through participatory observation, we attempt to acquire in- 513
depth understanding of the curatorial team's planning process and the implemented ex- 514
hibition themes, motives, objectives, as well as creative ideas through exhibition design 515
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Transformation

Transcending
Lesthetics

Mastery of Skills

Purpose of
Artcraft

planning participation such as visual design, interactive design, spatial planning, exhibi-
tion service flow, etc. The period of participation was during March to May 2021.

During the period of participation, we collected meeting reports, audio recordings,
textual materials, and exhibition design plans, and conducted textual analysis to analyze
how the professional curatorial team could use the exhibition's contents and presentation
methods to communicate wood craft knowledge, educational messages and <nitits to vis-
itors.

The study found that the objective of the “Exhibition of Taiwan's Woodcraft” was
initially through inviting works from the academic, industrial, and artistic fields. Later
through the planning process, the curatorial group gradually made clear the knowledge
contents and information that the exhibition intended to convey; and then to confirm the
exhibit works, exhibition formats, graphics, videos, and interactive details, while gradu-
ally organizing the exhibition structure and spatial layout. The curatorial framework of
the "Taiwan Woodworking Exhibition" was built upon the Three Extreme Systems of the
"Book of Changes" and "Tao Te Ching,” written by Lao Tzu, which states that "Tao gives
birth to one, one to two, two to three, and three to everything." The central idea was that
all things bear the yin and embrace the yang, as they achieve harmony by combining these
forces. The curatorial team developed the exhibition from traditional Chinese ideology
and divided the value level of crafts into three levels, which are "Tools for Livielihood,"
“Ways of Living," and “Philosophy of Life," and developed the exhibition objectives and
demands into three exhibition areas, such as "Knowledge Learning and Exploration,"
“Daily Life Application and Connection," and "Spiritual Practice and Pursuit," and
planned the exhibition contents of each section accordingly.

In this study, the curatorial structure of the exhibition is reviewed, and the " Art-craft
Value Level and Exhibition Structure Relationship Diagram" is proposed as shown in Fig-
ure 2 below.

Wooden craftwarks and creations:
artworks of important traditional craft
conservators, wood art and craftworks,

s : : the concept of nature and
Spiritual Realization oneen C e
sustainability, the conce pt of self-

and Pursuits fulfillm et

Wooden housewares: furniture, toys,
Daily Applications tableware, musical instruments,

.. . I ltural and creative goods
Way of]'_,lv]ng al]cl LII]kS cultural and creative goo

Wood materials and processing: woad
Tool of Knowledge || properties (density, hardness, sound),
Livelihood ,-’-‘\cquisition and wood industry development, toals,

martise and tenon joints, growing
environment, environmental protection
Art Craft Level of Exhibition Education and recycling

Values Objectives Exhibition
(Exhibition Aspect) Education Contents

Figure 4. Art-craft Value Level and Exhibition Structure Relationship Diagram
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545

Figure 4. Tools of livelihood exhibit section planned F%g.u.re 5. Tools of.leeh.hood ex- 546
hibition area, including the 547
knowledge of wood industry de- 548

velopment 549
550
\ e
14

4

AN A

with a wood material lab, providing hands-on interac-
tion for the public to learn about various wood proper-
ties

551

Figure 6. The Way of Living section features an introduc- Figure 7. Philosophy of Life 552

tion to the use of various wood materials in living and section, focusing on artists' cre- 553
innovative designs. ations and discourses 554

4.2 The second stage of the study: Verification of research hypotheses 555
472 1. Research hypothesis 1: The " learning motivation" of those who have used digital 556
lea ming sheet is significantly higher than those does not use digital learning sheet. 557

This hypothesis was designed to test whether there was a significant difference in the 558
learning motivation of the students who did not use the digital learning sheets (Group A) 559
compared to the other three groups of students who did use the digital learning sheets 560
(Groups B, C, and D) after visiting the exhibition. In this section, the study analyzed inde- 561
pendent samples by t-testing to see if there were any significant differences between the " 562
learning motivation ~f < roup A students" and the " mean of learning motivation of groups 563
B, C, and D students"; the results of the statistical analysis are summarized in Table 2. 564

The results of the analysis showed that group A students had a average learning mo- 565
tivation of 2.7948 after visiting the exhibition, while groups B, C, and D students had an 566
average learning motivation of 3.5977, which was significantly higher than group A stu- 567
dents. Table 2 summarizes the results of the independent sample T-test, where the F-test 568
was not significant (F = 0.155 > 0.05), so the t-value of "equal varii n:"=-19.263, wer>a 569
negative number indicates that the mean of group A is lower than that of groups B, Cand 570
D. In terms of significance, it shows that a <ionificant level of 0.000 was reached between 571
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the two groups. This means that hypothesis 1 of this study that the "learning motivation" 572
of the group with digital learning sheets is significantly higher than that of the group 573
without digital learning sheets holds true. This indicates that if learning sheets are used 574
properly in the exhibition, it will help improve the overall learning motivation of visitors. 575

576

Table 2. Mean number of "learning motivation" between "no learning sheet" and "using digital 577

learning sheet" 578
Levene's Equality of
Variances Test The t-test for equality of means
95% Differences
Significan Confidence Interval
Significan ce (two- | Average | Standard Lower Upper
F ce t df tailed ) | Difference Error Limit Limit
Using
Equal 2.043 .155 -19.263 163 .000 -.80290 .04168 | -.72060 | -.88521
Variances
Not using
equal -19.186 | 153.010 .000 -.80290 04185 | -.72023 | -.88558
Variances

579

4.2.2. Research hypothesis 2: The "learning outcomes" of the groups with digital learning 580
sheet are significantly higher than those of the groups without digital learning sheet. 581

This hypothesis examines whether the overall learning outcomes of the students who 582
used the digital learning sheets (groups B, C, and D) were significantly higher than those 583
who did not use the digital learning sheets (group A). 584

To calculate the learning outcomes of this study, the number of correct questions in 585
each section of the "post-test questionnaire” after the visit to the exhibition was compared 586
to the "front questionnaire" before the visit to the exhibition. 587

In this section, the study also used independent sample t-testing to examine whether 588
there was a significant difference between the "learning outcomes of group A students" 589
and the "mean learning outcomes of groups B, C, and D students," and the results of the 590
statistical analysis are summarized in Table 3. 591

The statistical results showed that the average number of correct questions improved 592
by 3.0327 for Group A students who did not use the digital learning sheets after visiting 593
the exhibition, while the average number of correct questions improved by 3.9269 for 594
Groups B, C and D students who used the digital learning sheets, which was noticeably 595
higher. 596

In Table 3, the T test results of the independent samples were presented, in which the 597
F test was significant (F=0.210>0.05), so that the t-value of "equal variance used" =-13.219, 598
the negative value of which indicates that the average of group A is lower than that of 599
groups B, C and D. The significance of the two groups reached a significant level of 0.000. 600
In other words, the overall effect of using the digital learning sheets during the exhibition 601
visit significantly improved the learning outcomes of the students, compared to the learn- 602
ing outcomes of those who did not use the digital learning sheets. 603

604
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Table 3: Average of "Learning outcomes” Between "No Learning Sheets" and "Using Digital Learn-
ing Sheets"

Levene's Equality of
Variances Test The t-test for equality of means

95% Differences

Significan Confidence Interval

Significan ce (two- | Average | Standard Lower Upper

F ce t df tailed) |Difference| Error Limit Limit
Using

Equal 2.428 210 -13.219 163 .000 -.89419 .06765 | -1.02776 | -.76062
Variances
Not using

equal -13.161 | 151.415 .000 -.89419 .06794 | -1.02843 | -.75995
Variances

4.2.3. Research hypothesis 3: "Learning motivation" has a significant and positive effect
on "learning outcomes" with or without the use of digital learning sheets

The third hypothesis was to examine the relationship between "learning motivation"
and " learning outcomes," whether there is a positive relationship between learning moti-
vation and learning outcomes for the overall visitation behavior with or without the use
of learning sheets.

In this section, the Pearson correlation coefficient was used to compare the mean re-
lationship between the two factors. The results showed a significant positive correlation
between "learning motivation" and "learning outcomes," with a significance of 0.000 and
a correlation coefficient of 0.404, indicating a moderate correlation between the two fac-
tors. It also confirms research hypothesis 3: "Regardless of the use of digital learning sheets
or not, 'learning motivation' has a significant and positive impact on 'learning outcomes'.
Beside the above-mentioned relationship between the two, the statistical results indicated
that the "Exhibition of Taiwan’s Woodcrafts" could provide a certain degree of education
through the content of exhibition planning, exhibition information, display effect, exhibits
of items and service flow, and promote the learning motivation and effectiveness of the
visitors.

4.2 4. Research Hypothesis 4: There is a significant difference in the effect of different "
digital learning sheet design strategies" on "learning motivation".

In Hypothesis 4, the study examined whether the digital learning sheets designed
with different design strategies had varied effects on the "learning motivation" of the stu-
dents who visited the exhibition. This will help future exhibition curators, learners and
designers, as well as formal and informal educators in their design and educational activ-
ities, as a reference for their practical experience. This study was conducted by one-way
ANOVA, and the results of the statistical analysis were organized into Tables 4 through
11.

It was found that the three different types of digital learning sheets would have a
significant effect on the students' attention, with a significance of 0.000 (Table 4). In this
study, a post-comparison using the Scheffe method showed that there was a significant
difference between the mean number of Attentions obtained from the three different
learning sheets, with Group B having the highest mean among the three groups (Table 5),
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which means that the digital learning sheets designed with the “se =« ry and exploration 640
design approach" would promote the highest Attentions among the children. 641

Further comparison with the Scheffe method showed that the mean of Group B was 642
significantly higher than that of Groups C and D among the three different learning lists, 643
while there was no significant difference between Groups C and D in statistical analysis 644
(Table 7). Examining the impact of the three different types of e-learning sheets on stu- 645
dents' Relevance, the results showed an equally significant impact, with a significance of 646
0.000 (Table 6). 647

Further examining the effects of the three different types of digital learning sheets on 648
students' Confidence, statistical analysis revealed that the three different types of digital 649
learning sheets resulted in a significant difference in students' Confidence, with a signifi- 650
cance of 0.015 (Table 8). After a comparison of the Scheffe method, there was a significant 651
difference between Group B and Group D. The mean Confidence feedback for Group B 652
was 3.79, which was significantly higher than the mean of Group D, which was 3.57 (Table 653
9). 654

Finally, the study examined the effects of the three different types of digital learning 655
sheets on the students' Satisfaction, and the statistical result reached a significant level of 656
0.000 (Table 11). A posthoc comparison in the Scheffe method revealed that the mean Sat- 657
isfaction feedback of the students who used the "sensory and exploration design ap- 658
proach” digital 659

The learning sheet was significantly higher than the other two groups. 660

In summary, when students in groups B, C, and D used digital learning sheets de- 661
signed with different learning sheet design strategies while visiting the exhibition, they 662
were motivated to learn at different levels and their impact was highly significant. That 663
is, research hypothesis 4 that “there is a significant difference in the effect of different 664
"digital learning sheet design strategies" on "learning motivation," is valid. 665

From the analysis of the four aspects of learning motivation, namely, Attention, Rel- 666
evance, Confidence, and Satisfaction, the digital learning sheets were designed according 667
to the "sensory and exploration design approach” were more effective than the other two 668
groups of students. Therefore, it can be inferred that Taiwanese students aged 11 to 15, 669
appeared to be more motivated to participate in the exhibition through sensory experience 670
and exploration, whether by exhibiting objects in an interactive format or by using learn- 671
ing sheets to guide them to use their senses to work-on, experience, experiment and ex- 672
amine the exhibition content. 673

In contrast, the study also observed that among the three different strategies for de- 674
signing the digital learning sheets, the lowest motivation feedback was found among 675
Group D students who used the digital learning sheets " design approach of discussion, 676
analyzation, integrated comparison and commentary". The reason could be explained by 677
the fact that in Taiwan's traditional elementary and junior high school education, itismore 678
common to see teachers giving lectures unilaterally, which is criticized by the education 679
sector in Taiwan as a "fill-in-the-duck teaching method". As a result, students do not have 680
sufficient opportunities to discuss, evaluate, discuss, and synthesize issues during their 681
school learning. In the course of this study, it was observed that at least half of the students 682
were afraid to express their opinions during group activities due to timidity, shyness, or 683
concern for the judgment of others and peers. The students in Group D were unable to 684
focus their minds on the learning of the knowledge domain and  re more concerned 685
with social issues, resulting in lower motivation than the other two groups 686

687
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Table 4: Analysis of the Attention variance of the four groups of students B, C and D after visiting
the exhibition

Sum of
Square df Quadratic Mean F Significance
Between
27.175 2 13.587 67.215 .000
Groups
In groups 47.101 233 .202
Total 74.275 235

Table 5. A Post-hoc comparisons of the Attention variance analysis of students in groups B, C and

D (Scheffe)
alpha = 0.05 Subset
Group N 1 2 3
B Group 84 3.8214
C Group 77 3.4221
D Group 75 2.9933
Significance 1.000 1.000 1.000

Table 6 Analysis of the variance of Relevance of the four groups of students in B, C and D after
visiting the exhibition

Sum of
Square df Quadratic Mean F Significance
Between
7.072 2 3.536 16.889 .000
Groups
In groups 48.782 233 209
Total 55.854 235

Table 7 Post hoc comparisons of Relevance variance analysis for students in groups B, C, and D

(Scheffe)
alpha = 0.05 Subset
Group N 1 2
B Group 84 3.7589
C Group 77 3.4643
D Group 75 3.3533
Significance 1.000 317
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Table 8. Analysis of the variance of Confidence among the four groups of students in B, Cand D 701

after visiting the exhibition 702
Sum of
Square df Quadratic Mean F Significance
Between
1.963 2 .982 4.275 .015
Groups
In groups 53.500 233 .230
Total 55.463 235
703

Table 9. Post hoc comparisons of Confidence variance analysis for students in groups B, C,and D 704
(Scheffe) 705

alpha = 0.05 Subset

Group N 1 2
B Group 84 3.7946
C Group 77 3.711 3.711
D Group 75 3.5733
Significance 1.000 534

706

Table 10. Analysis of the variance of Satisfaction among the four groups of studentsin B, Cand D 707

after visiting the exhibition 708
Sum of
Square df Quadratic Mean F Significance
Between
3.063 2 1.531 15.328 .000
Groups
In groups 23.277 233 100
Total 26.340 235
709

Table 11 Post hoc comparison of the analysis of Satisfaction variance among students in groups B, 710
C and D (Scheffe) 711

alpha = 0.05 Subset

Group N 1 2
B Group 84 3.872
C Group 77 3.6461
D Group 75 3.6233
Significance 1.000 .903

712

713
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4.2.5. Research Hypothesis 5: There is a significant difference in the impact of different " 714
digital learning sheet design strategies" on "learning outcomes". 715

In Hypothesis 5, the study examines whether different digital learning strategies 716
have a significant impact on the learning outcomes of the children who visit the exhibition, 717
and the three dimensions of Cognitive, Affective, and Psychomotor are examined respec- 718
tively. The marking system for "learning outcomes" was also based on the number of cor- 719
rect questions in the "post-test questionnaire” compared to the "pre-test questionnaire”. 720
The results of the analysis are summarized in Tables 12 to 16. 721

Based on the results of the analysis of variance, it was found that the different design 722
strategies of the digital learning sheets significantly affected the learning effectiveness of 723
the Cognitive component, with a significance of 0.010 (Table 12). From the post hoc Scheffe 724
method comparison, the mean number of correct answers on the Cognitive section was 725
4.27 for Group B, which was significantly higher than the mean number of correct answers 726
on the Cognitive section of 3.86 for Group C (Table 13). 727

Next, the results of the analysis of variance showed that there was no significant dif- 728
ference in the mean number of correct answers for the Affective section among the stu- 729
dents using different digital learning sheets, with a significance of 0.466 (Table 14). The 730
mean number of correct answers for Groups B, C, and D respectively was 3.83 for Group 731
B, 3.99 for Group C, and 3.95 for Group D. The statistical results show the significance that 732
different strategies for designing the digital learning sheets do not produce significant 733
differences in the Affective of learning outcomes. 734

Finally, regarding the Psychomotor component of learning outcomes, the results of 735
the analysis of variance showed that the three different digital learning sheets significantly 736
affected the Psychomotor learning outcomes of the students with a significance of 0.000 737
(Table 15). The results of this study, which were further compared using the Scheffe 738
method, showed that Group B students who used the "principle of sensory exploration of 739
physical objects" digital learning sheet had significantly higher Psychomotor learning out- 740
comes than the other two groups (Table 16). 741

Summing up the results of the above study, research hypothesis 5, which is that 742
"there is a significant difference in the impact of 'different digital learning design strate- 743
gies' on 'learning outcomes" is partially valid. In addition to the Affective learning out- 744
comes, the cognitive and psychomotor learning outcomes were better for children who 745
used the Design Principles for Sensory Exploration of Objects (Group B) digital learning 746
sheet. We concluded that interactive learning through sensory experiences in exhibitions 747
for students aged 11 to 15 years in Taiwan could create better comprehension and memory 748
outcomes for students. This result echoes the view of Kimche [12], the former executive 749
president of the American Association of Science and Technology Centers, that the most 750
effective way to learn is for people to explore things that interest them in a personal and 751
experiential way. Therefore, the museums could consider providing visitors with effective 752
learning experiences, sensory exploration, group cooperative learning, and interpersonal 753
intelligence development. This study result would be beneficial in promoting learning at- 754
titudes and effectiveness, and such results could serve as an important reference for future 755

exhibition planning and learning sheet design. 756
Table 12. Cognitive analysis of variables in groups B, C, and D after visiting the exhibition 757
Sum of
Square df Quadratic Mean F Significance
Between
7.080 2 3.540 4.739 .010
Groups
In groups 174.051 233 T47

Total 181.131 235
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Table 13 Post hoc comparison of Cognitive variance analysis of students in groups B, C and D 758

(Scheffe) 759
alpha = 0.05 Subset
Group N 1 2
B Group 84 4.27

C Group 75 4.12 4,12

D Group 77 3.86

Significance .538 .165
760

Table 14. Variance analysis of the Affective variables of the four groups of students B, C and D after 761
visiting the exhibition

762
Sum of
Square df Quadratic Mean F Significance
Between
1.030 2 515 767 466
Groups
In groups 156.440 233 671
Total 157.470 235
763

Table 15 Variance analysis of Psychomotor of students in groups B, C and D after visiting the exhi- 764
bition

765
Sum of
Square df Quadratic Mean F Significance
Between
15.472 2 7.736 8.783 .000
Groups
In groups 205.240 233 .881
Total 220.712 235
766

Table 16. Post hoc comparisons of Psychomotor variance analysis for students in groups B, C, and 767

D (Scheffe) 768
alpha = 0.05 Subset
Group N 1 2
B Group 84 411
C Group 75 3.57
D Group 77 3.57
Significance 1.000 1.000
769

770
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5. Conclusions and Suggesti

As a provider of informal education, museums play a critical role in the lifelong ed-
ucation of society. It is important to know that the operation of regional museums is to
consider ways to revitalize local industries, promote the artistic life of residents, assist in
the development of education, and even more importantly, provide a place with the func-
tions of tourism, leisure, entertainment, and education.

A quality themed exhibition provides the community with ample opportunities for
knowledge learning. This study attempts to provide comprehensive empirical research of
the design of digital learning sheets for museum exhibitions. Therefore, the learning sheet
design approach, proposed by museum curator Hooper-Greenhill, are adopted as the
foundation. Digital technology has been applied to integrate more interactive, extended
reading, and fun possibilities into the design of three digital learning sheets.

This study chose the "Exhibition of Taiwan’s Woodcrafts," which was organized by
the National Taiwan Craft Research and Development Institiite(NTCRI), as a case study
to examine whether the use of different types of digital lea ni* g sheets had a significant
impact on the "learning motivation" and "learning outcomes" of the students when they
visited the exhibition. The study results are promising. In the study, we found that for
Taiwanese students, the benefits of the digital learning sheets designed using the "sensory
and exploration design approach" were better than those of the other two groups in terms
of motivation and learning outcomes. The results will contribute significant references for
future curatorial teams as well as for digital learning unit designers and educators in their
design and educational implementation.

Digital learning is a rising future trend. However, the use of digital learning in mu-
seums remain rare. We believe that digitization, convenience, and interactivity are the
development direction and are a necessity for future lifestyles. Though this study focuses
mainly on the design strategies of museum exhibitions, it still offers a direction for future
studies of the various possibilities of digital learning in museums. We hope that with
gradual digital transformation, museums will provide diversified services in exhibitions
and education as well as more learning possibilities.
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