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1. Introduction

Smartphones and tablets have become a ubiquitalisesmral aspect of today’s society.
Among adolescents and young adults in Norway, 9Zgme report having access to a
smartphone and 72 percent report having accestatiet (Slettemeas & Kjarstad, 2016). In
terms of usage, 98 percent and 39 percent repairttiay use smartphones and tablets,
respectively, several times during the day (Slett&sn Kjarstad, 2016). The widespread
accessibility and usage of such tools extend tip@dpnities for using mobile-learning (m-
learning) when teaching. M-learning, which may leérted as “learning across multiple
contexts, through social and content interactioss)g personal electronic devices”
(Crompton, 2013, p. 4), allows students to acagfesmation quickly through the internet and
to communicate and collaborate with peers acrassvtirld. As they are portable and easy to
bring along, students can readily access, edithaodify learning content (Derounian, 2017;
Hashemi, Azizinezhad, Najafi, & Nesari, 2011). Tehare potentially several positive
learning gains (i.e., achievements) to be founahilearning tools, and technology may also
help increase learners’ motivation (Hartnett, 2dH&shemi et al., 2011). For instance,
Lepper (1985) and Lepper and Gurtner (1989) argaetéchnologies may provide students
not only with educational advantages such as muieealearning, sustained attention, and
individualized instructions, but also motivatiomalvantages such as optimal challenges,
immediate feedback, curiosity, imagination, ancdgmjent due to its game-like functions.

Although recent systematic reviews and meta-analffed positive effects on learning
outcomes from using m-learning tools in educati©arflenas-Robledo & Pefia-Ayala, 2018;
Schmid et al., 2014; Wu et al., 2012), some arbaetechnology in itself does not enhance
learning (Clark (1983, 1994a, 1994b). Accordinghis view, what enhances student learning
is the cognitive processes (i.e., instructionalhnods) stimulated by specific applications of

the technologies and the novelty effect of new mé@iark, 1983). For instance, Burke and



James (2008) found that students who perceived fRoirg as highly novel, as opposed to
those who perceived PowerPoint as low in nove#fgprted a higher degree of learning and
positive classroom behaviors. The increased atterstnd recall of novel stimuli is known as
the “von Restorff effect” and has been shown teaase memory for several different tasks
and topics (see Lynch & Srull, 1982). Furthermdteller and Suzuki (2004) highlight that
this novelty effect of technology wanes with acousization, which in turn decreases the
user’s motivation. For instance, technology mighdermine intrinsic motivation due to
constant distraction and impulses, create so@&dtisn, and stifle creativity (Lepper, 1985).

The goal of education is for students to understhedmportance and value of the
learning task in order to facilitate lifelong learg and create change for the betterment of
society (Ministry of Education and Research, 20Thgre are several routes to enhance
students” sustained learning and value, technotugit be one way. However, not all
technologies are designed equally, and some magadngbudents” motivational resources in
different ways. Due to the large impact that te¢bgyp has on today’s students, and the
increasing usage of technology in education (FeRadbb, 2016; Male & Burden, 2014;
Tamte & Olsen, 2013; Wilhelmsen, @rnes, KristiangBreivik, 2009), the main purpose
of the present study is to investigate how diffetenchnological tools impact motivation,
value and importance, and achievement. We addnesthtough the lens of Self-
Determination Theory (SDT; Deci & Ryan, 2000; Ryabeci, 2017). SDT is especially
useful for investigating these motivational dynasrgeven its specific hypotheses about how
social factors enhance motivation. Further, SDTapeeific predictions of the consequences
of motivation for learning (i.e., achievement) austained learning and value (i.e.,

internalization).



1.1 Self-Deter mination Theory

Self-Determination Theory is a broad theoreticairfework concerning human motivation
and personality (Deci & Ryan, 2000; Ryan & Decil2)) A central assumption is that
humans have an inbuilt propensity for wellnessrimdlization, and learning (Ryan & Deci,
2000b). Although humans have this potential foivihg and integration, SDT recognizes
that the social context can either support or thivas growth tendency. According to Basic
Needs Theory (BNT), a sub-theory within SDT, humlaage three basic psychological
needs. When the needs for autonomy, competencegktedness are satisfied and
supported, positive outcomes such as optimal midivainternalization, and learning will
follow (Baumeister & Leary, 1995; DeCharms, 1968aR & Deci, 2017; White, 1959).
Autonomyrefers to experiencing choice, freedom, and \aslitvith respect to one’s behavior.
Autonomy concerns feeling self-endorsement andntaliness, that is, being true to one’s
inner interests and valugSompetenceefers to feeling effective in one’s interactiovith the
social environment. Competence is satisfied undeditions that provide optimal challenges,
effectance-relevant feedback, positive feedbactt feelings of mastery. Finallyelatedness
refers to being and feeling connected and careblyf@ignificant others, and having a sense
of belongingness. The need for relatedness is stggpwhen a person feels cared for and
trusted, and when that person gives and contriliatdse social environment. Need-
supportive environments, in other words, are emvitents that satisfy the basic needs for
autonomy, competence, and relatedness, tend tadecperceived choice and self-initiation,
perceived competence, and trust (Deci & Ryan, 198%)en such need-supportive features
are provided, and the basic psychological needsugported and satisfied as opposed to
frustrated and thwarted, students experience optimévation and learning (Deci & Ryan,

2000).



Organismic Integration Theory (OIT), a sub-theohBDT, proposes that motivation
differs in quality depending on relative autonorde¢i & Ryan, 1985). That is, for
situational learning activities (e.g., learninglie classroom), students may have different
reasons for conducting their behavior (Vallerar@®7). OIT differentiates between
amotivation (lacking purpose and meaning for thiealveor), external regulation (doing the
activity out of an external contingency), identifieegulation (doing the activity because it is
valuable and important), and intrinsic motivatidioiag the activity out of interest and
enjoyment). Accordingly, OIT differentiates betwdam classes of motivation that differ in
behavioral and cognitive functioning (Figure 1).t&womous motivation (i.e., identified
regulation and intrinsic motivation) are behavithrat are initiated and governed by the self,
whereas controlled motivation (i.e., amotivationl &xternal regulation) are behaviors
initiated and governed by external forces. Gengratisearch shows that autonomously
motivated students, as opposed to controlled metivatudents, are associated with higher
achievement (Black & Deci, 2000; Guay & Vallerat897; Jeno & Diseth, 2014; Ratelle,
Guay, Vallerand, Larose, & Senécal, 2007) and paggfical well-being (Niemiec et al.,
2006; Ryan & Connell, 1989).

Need-satisfaction and situational autonomous modrgrelative to controlled
motivation) allow students to integrate and fultyernalize regulations. Internalization, which
refers to transforming external values, beliefsl Behavioral regulations into inner
regulations (Deci, Ryan, & Williams, 1996; Schafe968), is a natural intrinsic process and
it is thus asserted by OIT that support for autooosimotivation should facilitate the
internalization process (Deci, Eghrari, Patrickl.&ne, 1994). According to Vallerand
(1997), situational factors can impact contextatdrnalization. That is, situational
motivation for a learning activity may have a rexstue bottom-up effect on the contextual

internalization for the educational domain (Valleta& Ratelle, 2002). A college student may



have a controlled motivation for biology educat{@e., not internalized). However, a new
teacher may introduce new learning tasks that stipip® need for autonomy, competence,
and relatedness. The student starts to enjoy jaad thus start to internalize the behaviors
of other biology learning tasks. The impact of $iteational factors in a particular class or
learning task facilitates a sustained autonomousvatemn for biology education in general.
Two previous studies have found support for thigdm-up effect (Blanchard, Mask,
Vallerand, Sablonniére, & Provencher, 2007; Guaggbbu, & Vallerand, 2003). Hence,
more research is needed to address whether sitabtactors within technological tools can

facilitate contextual internalization.

Class of situational motivation Controlled

Type of regulation - External Identified Intrinsic
Amotivation ) . L
regulation regulation motivation

Degree of autonomy

»
»

Low High

Figure 1: The figure depicts the internalization processpesified within Self-Determination Theory. The figus adapted from Ryan and
Deci (2000a) and Jeno (2015).

1.2 The present study

In general, studies in educational research wiidi have found support for its basic
tenets (see for overviews; Deci, Koestner, & Ry#&99; Ryan & Deci, 2017). However,
there is a gap in the literature on how differ@ethinological tools differ in their impact on
motivation and achievement, with respect to theedythg need-support they provide.
Moreover, there are few studies that directly tlestimpact m-learning has on internalization
and achievement (Peters, Calvo, & Ryan, 2018). elethe present study helps to close this
gap in the literature.

Use of technology is mainly a self-chosen actiuityys by definition, an intrinsically

motivating activity (Rigby & Ryan, 2017). When eraping m-learning tools for a specific



learning task, the reason for doing the activitytstirom being intrinsic, towards extrinsic
motivation. Hence, the design of an m-learning togbroduct can greatly impact the user’'s
motivation (Calvo & Peters, 2017). M-learning tooiay enhance student motivation and
achievement because they support pedagogical pneblegave motivational pulls such as
volition, mastery, or social support, but couldodi® due to the fact that they are appealing,
aesthetically pleasing, or noy@&haddage, Miiller, & Flintoff, 2016; Shroff & Keyes, 2017).

In the present study we investigate the noveltgatfdbn motivation and learning in an
experimental setting. The research question weeadds:

“do differences in need-support offered in diffdrlarning tools account for need-
satisfaction, autonomous motivation, internalizatiand achievement, over and above the
effect of perceived novelty?”.

The context for this experiment was biology eduwratnd species identification. Biology
education was chosen because of the increased simpimeeducating more skilled biologists,
and the fact that biology students report low aatoaus motivation and high controlled
motivation compared to other majors (Ministry ofuédtion and Research, 2015; Singer,
Nielsen, & Schweingruber, 2013; Yu & Levesque-Rris2018). Moreover, biology students
must learn different skills that might not be ingically motivating, but nevertheless are

important skills to master for their educationadl ganactical work life as biologists.

1.2.1 Novelty

One skill that is commonly not perceived as inténgsor important is taxonomic
identification of organisms, especially of speaesups that many students find difficult and
uncharismatic, such as sedges (e.g., Jeno, Gr@néandvik, 2017). This might be due to
the sedges” small morphological variations in cdlaits, and appearance, in contrast to other
species groups. Students have traditionally emplaytextbook format for taxonomic

identification, which might be perceived as lessei@nd engaging than technological tools.



When introduced to an m-learning tool, the peraginevelty effect of any smartphones and
tablets might contribute to an increased engagearahpersistence in usage. That is, the
motivational pull of m-learning tools may have inilbfeatures that are perceived as
appealing and that contribute to increased intenestivation, and actual usage. Previous
research suggests that appraisal of novelty psetigher interest (e.g., Adachi, Ryan, Frye,
McClurg, & Rigby, 2017; Silvia, 2005). Hence thestihypothesis we investigate is:

H1: A digital textbook and an m-learning tool will enhance perceived novelty, relative

to thetraditional textbook.

1.2.2 Need-support, motivation, and achievement

Once mastered, identification of species is a femable skill that is important for many
subfields within biology, hence valuing and integrg the importance of species
identification is essential for biology studentsiu§, we investigate whether need-satisfaction
—afforded by different species identification teeland situational motivation predict
contextual internalization with respect to spedaiesitification.

In one of few studies, Jeno et al. (2017) found tleeed-supportive features within a
mobile application tool enhanced students” intamsotivation and perceived competence. In
turn, intrinsic motivation positively enhanced amlement. Results further suggested that the
mobile application indirectly predicted achievem#émbugh intrinsic motivation. Similarly, a
study by Jeno, Adachi, Grytnes, Vandvik, and D26il8) found that a mobile application
positively predicted the need for autonomy and ceterpce, and intrinsic motivation.

Intrinsic motivation positively predicted positiadfect (change scores), whereas competence
predicted achievement. Indirect effect analysesvskahat the mobile application tool
predicted achievement and positive affect througtnsic motivation and competence. In a
study on homework, Nikou and Economides (2018) @arigl assigned high-school students

to a traditional homework condition or a mobilerl@ag condition. Their results showed that



the mobile-learning condition increased autononoyngetence, relatedness, and learning,
compared with the traditional condition. Similasuéis have been found in online usage
(Shen, Liu, & Wang, 2013; Wang, Tao, Fan, & Gad 30and in intentions to use a
technology tool (Fathali & Okada, 2017; Nikou & Bomnides, 2017; Shroff & Keyes, 2017).

Research in adjacent topics further provides sugpoour line of reasoning. For instance,
in the gaming domain, Ryan, Rigby, and Przybyl2Ki06) conducted a range of studies and
found that satisfaction of the basic needs for@anoy, competence, and relatedness fully
accounted for the perceived enjoyment of the gamdechanged scores in psychological well-
being. Similar results have also been corroboreig@dssive media such as television shows
(Adachi et al., 2017). In a study of integration@T in PE-lessons, researchers found that
ICT predicted post-test measures of need-satisfa¢tiegrain, Gillet, Gernigon, &
Lafreniere, 2015). Need-satisfaction in turn pesiy predicted autonomous motivation,
which in turn predicted cognitive skills and mop@rformance. Hence, the second hypothesis
we test is:

H2: The m-learning tool will enhance the basic psychological needs, autonomous

motivation, and achievement relativeto the traditional textbook and digital textbook.

1.2.3 Internalization

Lastly, we investigate whether it is the inheremtirational principles embedded within
different m-learning tools that explain autonomousivation, internalization, and
achievement: specifically, whether the underlyitegreents of need-satisfaction (i.e.,
perceived autonomy, competence, and relatedneghiiexhese motivational processes and
outcomes. Research within the gaming context stguomreasoning (Lomas et al., 2017).
Moreover, in a study that directly investigated thelitation of internalization, Deci et al.
(1994) found that students spent significantly emigme on a computer during a free-time

period when they were in need-supportive study itimmd relative to less need-supportive



study conditions. This suggests that studentswkeat in the need-supportive study conditions
internalized the reason for doing a behavior ategirated the behavior into the self.
Internalization in turn was positively associatethvntrinsic motivation and perceived

choice (i.e., autonomy). The last hypothesis westigate is:

H3: Them-learning tool will predict need-satisfaction, autonomous motivation,
internalization, and achievement, even when controlling for perceived novelty.

The present study contributes theoretically anthéditerature in a number of important
ways. First, we test how the perceived noveltyifieécent tools used for species identification
contributes to need-satisfaction, motivation, acliievement. That is, we test whether need-
satisfaction afforded within the different toolshances autonomous motivation,
internalization, and achievement. This has, tokmawledge, not been investigated, thus
providing further advancement of the field. Secomd measure autonomous motivation and
controlled motivation, as opposed to only measuirtignsic motivation, which has been
done by others (Jeno et al., 2018; Jeno et alZ;2@artens, Gulikers, & Bastiaens, 2004).
This helps to close the gap in the literature ow ddferent classes of motivation relate to m-
learning, and removes the confounding effect toaetty has on intrinsic motivation in an m-
learning context (e.qg., Lepper, 1985). Lastly, meestigate how situational motivation
impacts students” contextual internalization facs identification, which has both

empirical and practical relevance.

1.3 On the different meanings of novelty

It is important to note that there are conceptif&trences between types and functionality
of novelty. That is, novelty may be operationalizedooth interest (i.e., intrinsic motivation)
and as an innovation (i.e., product). Accordingrtigers (1983), an innovation is an idea,
practice, or object that is perceived as new, windlurn determines the reaction. Previous

research has shown that perceived product nosefigsitively related to positive attitude and



perceived rewards, and negatively related to peedgproduct risk (Wells, Campbell,
Valacich, & Featherman, 2010). Moreover, Park ahdrC(2007) found that perceived
usefulness and ease of use positively predictédadttoward using smartphone. Thus, to the
extent that a product is perceived as novel, thetien toward the product is positive.

In contrast, novelty, incongruity, and curiosity @entral motivational characteristics of
intrinsic motivation (Berlyne, 1954, 1963). For SDiitrinsic motivation is the inherent
tendency to seek novelty and challenges, to expéme to learn (Ryan & Deci, 2000b). A
recent study by Adachi et al. (2017) found thatpeted novelty of a TV-show positively
predicted intrinsic motivation to view the show amitlingness to recommend the show to
others. Moreover, some researchers even suggésiavelty is a basic psychological need
(e.g., Gonzélez-Cutre, Sicilia, Sierra, Ferriz, &gder, 2016). Additionally, within gaming,
novelty is only engaging to the extent that it pg@s competence satisfaction, as opposed to
new rewards or new level designs (Lomas et al.72Bgters et al., 2018).

To summarize, despite novelty being central tanstc motivation, we operationalize
motivational novelty as something different fronoghuct novelty. Hence, in line with the
theoretical underpinnings of SDT, we reason that technology that supports the basic
psychological needs will facilitate the internatina process, motivation, and learning, over

and above the contribution of the novelty (i.eqdurct novelty) effect of technology.

2. Methods

2.1 Participants

The participants were sixty-nine (47.8% femaMgg.= 21.8 years) undergraduate
students in Biology. The students were recruitechfa mandatory field-course in Organismal
Biology. During this week long field-course, thedgnts are taught about different species,

how to identify species, and the environmental ichjpa these species. The participants were
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asked to participate in the study on the secondfilye course. The experimental period

lasted for three days.

2.2 Procedure

A research assistant unaware of the study hyparaselomly assigned the participants to
one of three conditions: a traditional textbook-aition (h = 23), a digital textbook-condition
(n=23), and an m-learning tool-conditiam=£ 23). The students were brought to a classroom
and presented with an envelope. The envelope cmudhree parts: some general
information, an experimental task, and a post-erpartal questionnaire. All students were
provided with the following information: “In froraf you there are two documents. The first
contains species identification questions. The s@cmcument is a questionnaire. Please start
with the first document, the species identificatgurestions”. Then, the participants were
given different information depending on which citioth they were assigned to.

Participants in the m-learning tool-condition wgreen the following information;
“please answer all the species identification qies by using the mobile application
ArtsApp.

Participants in the traditional textbook-conditiware given the following information;
“please answer all the species identification qims by using the textbook Lids Flora”

Finally, participants in the digital textbook-cotidn were given the following
information;“please answer all the species identification gqieest by using the digital
version of Lids Flora”

All the students were given the final informatié®ou may use as long time as you need.
If you are not able to answer a question, simplyenan to the next. When you are done with
the species identification questions, you may stét the second document, the

guestionnaire. Please answer all questions and bmeere as possible”.
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Several ethical considerations were taken to ertherparticipants safety. First, we
received permission to conduct the study by theMdgran Centre for Research Data (NSD).
Second, all students were told that participatias woluntary, that participation was
anonymous, and that the information provided wdnddreated confidentially. Third, all
students were given the opportunity to withdrawrfrine study at any time. Last, participants
were provided with the opportunity to debrief bikilag to the research assistant or contact
the first author. None of the participants withdrewweded debriefing, or reported any

inconvenience as a result of participating in tkgegiment.

2.3 Materials

Traditional textbook

In the traditional textbook tool, Lids Flora (Lid Kid, 2005), the species identification
process is dichotomous. That is, each questiomhiggwo possible answers and a student
must choose an appropriate answer before movirig tire next question. A student starts
with a broad taxonomic level (e.g., structure & #pikelets) answering a succession of
guestions about morphological characteristics. Ddpg on the taxon, by answering 8-10
guestions the students will usually end up witlpecges identification. This process is
hierarchical, meaning that in order to correctlgritify a species, a student must correctly
answer each question of the identification proc8ssh hierarchical dichotomous
identification tools require solid biological cont&knowledge. The textbook includes drawn
illustrations of the more common sedge speciesvgpBeges away from the key itself, as well
as definitions and corresponding drawings of thenroharacteristics and a user guide for the
main identification keys in the introduction of ttextbook. The traditional textbook has been
the standard tool for biologists and may not be@eed as novel. It is also voluminous and
may be less practical to bring along to the field.

Digital textbook

12



The digital textbook tool was developed for thegmse of this experiment. In this
identification tool, the identification processdgne on a smart phone or on a tablet, but the
guestions are identical to the textbook. Thatighe digital textbook tool, the students move
through 8-10 dichotomous questions in a given ortlee digital version of the textbook
includes pictures and a description of the mainattaristics relevant for the identification
key for the sedges, which are identical to thebteak. In contrast to the traditional textbook,
the digital textbook identification process is daheugh smartphones or tablets, and thus
may be perceived as more novel and innovative. Mae the digital textbook may be
perceived as easier to bring along and thus matabdel for fieldwork.

M-learning tool ArtsApp

In contrast to the above species identificationstabie m-learning tool ArtsApp offers a
dynamic and non-hierarchical identification procésstudent may start the identification
process at any question. ArtsApp further providstudent with informational feedback in
terms of digital pictures and explanations of sggciraits, feedback on eliminated species,
and the opportunity to consult pictures of the riening species at any point in the
identification process. ArtsApp allows a studens&we observations for future reference or
comparison, excludes species that are geographreatiote and therefore probably
irrelevant, and consults species distribution m&psApp is freely available in English and
Norwegian at Google Play (bioCEED, 2018) and at Apgre (University of Bergen, 2017),
which allows for continued updates, unlimited stabdities, and easy accessibility for

fieldwork.
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Carex Nakel Tilbakestill
= Carex key CReset

Aks 58 mm langt, Fruktgayme ca 3.5 mm langt. Dekkskjel dekkjer
ke fruktgayn

Aks &5 mm langt. Frukigeyme ca 2.5 mm langt. Dekkskjel dekkjer
om lag frukigeyme

Figure 2: Images of the three species identification toolplegred in the three different conditions: a) a smahpicture of a dichotomous

identification key in the traditional textbook; &édichotomous identification key from the digitaxtbook; and c) the dynamic identification

key in the m-learning tool.

2.4 Measures

Need-satisfaction. A nine-item need-satisfaction scale was used tasone the
participants’ experience of within-condition automg competence, and relatedness. The
Player Experience of Need Satisfaction scale (PERN@n et al., 2006) consists of three
subscales, of which three items measures autontiraygerienced a lot of freedom with this
identification tool”), three items measure compete(il feel competent at identifying
species”), and three items measure relatednefse(“tlose and safe with this identification
tool”). Participants answered on a seven-point tt#keale ranging from 1 (not at all true) to 7
(very true). The following Cronbach’s alpha wasrfddior autonomyd = .89), competence
(a =.83), and relatedness € .84).

Situational motivation. To measure the participants situational motivatar using an
identification tool, we employed the 16-item Sitoatl Motivation Scale (SIMS; Guay,
Vallerand, & Blanchard, 2000). The SIMS measurégint motivational regulations for
doing a particular task. The participants were gigegeneral statement asking “why are you
currently identifying species”. The participantsrevgiven different situational reasons;
intrinsic motivation (“Because it is interestingifientified regulation (“Because | am doing it

for my own good*), external regulation (“Becausam supposed to do it*), and amotivation

14



(“There may be good reasons, but | personally degetany“). The participants rated the
items on a seven-point Likert-scale ranging frofedrresponds not at all) to 7 (corresponds
exactly). The following Cronbach’s alpha was fodadeach subscale; intrinsic motivation
(a =.93), identified regulatioro(= .82), external regulatiom (= .66), and amotivatioro(=
.76). One item (item 4) was deleted from extereglitation due to low inter-item correlation.
Previous studies have used the subscales sepavataynbined them into an autonomous
(i.e., intrinsic motivation and identified regulai) and a controlled (i.e., external regulation
or amotivation) subscale. In the present studycoliapsed the different regulations into
autonomous and controlled subscales.

Novelty. A six-item scale was developed to measure theepexd novelty of each
identification tool. The development of the scaksvbased on theories of innovation (i.e.,
Technology Acceptance Model, Innovation Diffusiomebry), and research literature on
innovation and technology adoption (Davis, 1989g&s, 1983; Straub, 2009; Tatikonda &
Rosenthal, 2000). The scale consists of items epaesing the technology’s perceived
usefulness, perceived ease of use, perceived crityplend relative advantage over similar
technologies. An item example is “This identificatitool is a new and modern way to
identify species with”. The students were askegespond on a Likert-scale ranging from 1
(not at all true) to 7 (very true). The Cronbachligha for this scale was=.87. Given the
development of this new scale, we conducted affatalysis to investigate the scales factor
structure. A direct oblimin rotation was employedidound a clear one-factor solution with
an eigenvalue explaining 63.5% of the variance fadtor loadings were over .30. See the
Appendix for overview of the items.

I nternalization. In order to measure the participants contextuarivalization towards
species identification, we employed the value/usefis subscale within the Intrinsic

Motivation Inventory (IMI; Ryan, 1982). The valuskfulness scale (e.g., “I believe this

15



activity could be of some value to me”) consists@fen items and participants answered on
a seven-point Likert-scale ranging from 1 (notlatrae) to 7 (very true). The following
Cronbach’s alpha was found for this scale=(.92).

Achievement. A nine-item knowledge test was given to the stuslasta measure of
achievement. The achievement test comprised sigtigms that consisted of factual questions
(e.g., “what characterizes a sedge?”), and threstouns that asked students to identify three
different sedges (e.g., “which sedge is in plaséig number 1?”). The achievement test was
developed by a botanical expert. The three sedges picked by a research assistant
unaware of the study hypotheses. The achievemsntaieged from 0-26 points. Previous
studies have employed the same procedure to methsuedfect of m-learning on
achievement among biology students (Jeno et d8;2leno et al., 2017).

Technology competence. The students” self-perceived technology competemse
measured on a one-item question. The participaats asked to indicate how true the
statement “I am competent with technology” wasth@m on a Likert-scale ranging from 1

(not at all true) to 7 (very true). The item senasda manipulation check.

2.5 Statistical analyses

A power analysis was conducted in order to detegrthie number of participants needed
for the current experiment. The R package “pwr”d@ipely, 2018) was used to calculate the
number of participants needed for each conditidne dalculations were based on effect sizes,
standard deviations, and mean averages drawn fremops similar studies (Jeno et al.,
2018; Jeno et al., 2017). Specifically, we tookltdweest reported effect size df= .40, along
with the desired power of .80, alpha level of @& number of condition& € 3), and
calculated the minimum number of participants nde@ased on our power analyses, we

needed a minimum of 23 participants per conditmretich the desired power.
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One-way analysis of variance (ANOVA) with a Tukeysphoc test was used to test for
mean differences between conditions in the studabies (Hypotheses 1 and 2). The
strength of the difference between the means éfiect size) was calculated using Cohdns
The calculation is the difference between the melandedby the standard deviation.
Finally, path-analysis was employed to investigate multivariate path-analysis models
(Hypothesis 3). Conventional goodness-of-fit ciitesuch as chi-squarg?j test,

Comparative Fit Index (CFl), and Root Mean Squarertof Approximation (RMSEA) were
employed to evaluate the fit of the models (By2®6; Hu & Bentler, 1999; Kline, 2011). In
our models, we specified that the condition (tditional textbook, digital textbook,
ArtsApp) would predict need-satisfaction, autonosmotivation, and novelty. The two
models differ in their dependent variable, with ralodl predicting internalization and model 2

predicting achievement.

3. Results

3.1 Manipulation check

To ensure that individual differences among thdestits” technology competence were
equally distributed across the three study conutiove compared the means between the
three conditions. A one-way ANOVA revealed no siigant differences between the
conditions for technology competen€&€2, 68) = .69p = .51. The results indicate that the
students” individual differences in technology cetemce are randomly distributed across the
conditions and do not contribute to any systentatis that might affect the mean differences

of our results on novelty.

3.2 Descriptive statistics

Descriptive statistics are presented in Table & rBsults show that the study variables

follow a normal distribution. The large standardidéon in achievement reflects the large
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range of the variable differentiating the studesf®cies identification skills. Bivariate

correlations are presented in Table 2. The reaudtsll in the expected direction.

Tablel

Descriptive statistics of all study variables

Measures Mean SD Range Min. Max. Skewness Kurtosis
Competence 3.20 1.18 1-7 1 6 0.29 -0.35
Autonomy 4.04 1.55 1-7 1 7 -0.36 -0.48
Relatedness 4.43 1.52 1-7 1 7 -0.44 -0.08
Autonomous motivation 4.43 1.31 1-7 1.25 7 -0.11 .310
Controlled motivation 3.48 1.03 1-7 1 6.13 0.21 €0.1
Novelty 4.92 1.64 1-7 1.67 7 -0.40 -1.13
Internalization 5.30 1.28 1-7 1.57 7 -0.58 0.10
Achievement 7.42 5.33 0-26 0 20 0.79 -0.37
Table2
Correlation of all the study variables
Measures 1 2 3 4 5 6 7 8
1. Competence -
2. Autonomy .38** -
3. Relatedness A40** T79** -
4. Autonomous motivation .33** .22t .13 -
5. Controlled motivation -.27* -.14 -.12 -.67** -
6. Novelty A0 .69** .66** .05 -.03 -
7. Internalization .35%* .16 .08 .85** -.64** .10 -
8. Achievement AT .36** .29* 37 -.22% 27 & -

Note: ** sig atp< .01, * sig app< .05, T sig ap< .10
3.3 Primary analysis
Mean differenceslo test hypothesis 1—whether the digital textbaoll the m-learning
tool enhanced perceived novelty relative to thditi@nal textbook—we conducted a one-way

ANOVA (Table 3). The results show that there isgmificant between-group difference for

perceived novelty. The m-learning tool and thetdigextbook both have higher perceived
novelty than the traditional textbook, confirmingplothesis 1 (Figure 3). The m-learning tool

has the highest perceived novelty, and is sigmtigehigher than the digital textbook. The

effect sizes are all strong in magnitude.
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M-learning tool Traditional textbook Digital textbook
Figure 3: Mean difference with confidence intervals betwdenthree study conditions on perceived novelty.

Effect size (Cohen’d): M-learning tool vs Traditional textbook € 3.08), M-learning tool vs Digital textbooll € 1.23), Digital

textbook vs Traditional textbookl € 1.46).

A one-way multivariate analysis of variance wasduae an omnibus test (Tabachnick &
Fidell, 2007) to investigate our second hypoth#sas the m-learning tool would enhance
basic psychological needs, autonomous motivatiod aahievement relative to the traditional
textbook and digital textbook. Results are sigaificas assessed by a multivariate tést (
1.22,F(16, 108) = 10.48)<.001,n* = .61; see Table 3). Follow-up analyses (one-way
ANOVAs) show that there is a significant betweeotgr difference for competence,
autonomy, and relatedness. As expected, post-tadgsas reveal that the m-learning tool
enhanced autonomy, competence, and relatednes&csigthy, relative to both the traditional
and the digital textbook with strong effect sidzesding support to our hypothesis; see Figure
4. Further, there is no significant difference begw the digital textbook and the traditional
textbook across competence, autonomy, or relatedpes.05). Contrary to our hypothesis,
we find no significant between-group differenceamtonomous motivation between the study
conditions p = .98). For achievement, we find a significantiesn-group difference. Post-
hoc analyses support our hypothesis that the nmilggatool is significantly different from
both the traditional textbook and the digital texdk (Figure 5). There is no significant

difference between the traditional textbook anddiggal textbook >.05).

Table 3
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ANOVA results between the study conditions and the study measur es

Measures Traditional textbook  Digital textbook M-learning tool F(df)
Mean (SD) Mean (SD) Mean (SD)
Competence 2.83 (1.09) 2.85 (2.18) 3.88 (.97) 7,068y
Autonomy 3.26 (1.33) 3.67 (1.55) 5.16 (1.07) 12886)**
Relatedness 4.02 (1.39) 3.85 (1.64) 5.39 (1.02) (8,@B)*
Autoponjous 4.39 (1.56) 4.43 (1.26) 4.48 (1.12) .03(2, 67)
motivation
Controlled motivation 3.45 (1.26) 3.48 (1.01) 3.50 .84) .01(2, 68)
Novelty 3.32 (1.19) 5.10 (1.24) 6.35 (72)  46.21(2, 68)**
Internalization 5.15 (1.52) 5.40 (1.33) 5.37 (.99) .25(2,67)
Achievement 6.43 (4.38) 3.74 (2.32) 12.09 (5.01) .29@, 68)**

Note: p<.01, **p<.001

Basic psychological needs

7 M M-learning tool
M Traditional textbook
M Digital textbook

w

IS

w

~

1
Competence Autonomy Relatedness

Figure 4: Mean difference with confidence intervals compagpetence, autonomy, and relatedness acrodsrésestudy
conditions. Effect sizes (Coherdsfor competence: M-learning tool vs Traditionaiti®ok @ = 1.02), M-learning tool vs Digital textbook
(d =.96). Effect sizes for autonomy: M-learning teslTraditional textbookd= 1.58), M-learning tool vs Digital textboo#l £ 1.12).

Effect sizes for relatedness: M-learning tool vaditional textbookd = 1.18), M-learning tool vs Digital textbool € 1.13).

Achievement
25,00
20,00
15,00

10,00

0,00
M-learning tool Traditional textbook Digital textbook

Figure 5: Mean difference with confidence intervals betwdengtudy conditions on achievement. Effect sizehéd sd): M-learning

tool vs Traditional textboold(= 1.20), M-learning tool vs Digital textboo#l € 2.14).
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Direct and indirect effectsl o test our last hypothesis, we ran two separatie-gnalytical
models. We expected that the m-learning tool walideictly and indirectly predict need-
satisfaction, autonomous motivation, internalizatiand achievement, even when controlling
for perceived novelty, traditional textbook, andithil textbook. The model fit for our first
model (Figure 6) is excellent’(2) = .20,p = .91, CFI = 1.0, RMSEA = .00 (Cl: .00, .09).
The model as whole accounted for 73 percent of@nance in internalization. Specifically,
the results show that the m-learning tool posiyiy@kdicts need-satisfaction and novelty.
Need-satisfaction positively predicts autonomousivation, whereas novelty is a negative
predictor of autonomous motivation. Autonomous wadidn is a positive and significant
predictor of internalization, whereas need-satigfacand novelty are not. Indirect effects in
the model were calculated by means of Sobel tBetsults show that condition indirectly and
positively predicts autonomous motivatigh< .29,z = 2.78,p< .01). That is, the m-learning
tool (relative to the digital and traditional temtik) positively predicts autonomous
motivation, albeit indirectly through need-satigfac. Need-satisfaction indirectly predicts
internalization § = .47,z= 3.21,p< .01). This suggests that need-satisfaction erd@sanc
autonomous motivation, which in turn enhances igkration. Further, condition is a
significant indirect predictor of autonomous motiga (3 = -.28,z=-2.44,p< .05). That is,
the m-learning tool (relative to the digital andditional textbook) enhances novelty, which
in turn negatively predicts autonomous motivatiéimally, novelty is a negative indirect
predictor of internalization}(= -.32,z=-2.77,p< .01). This suggests that novelty negatively
predicts autonomous motivation, which in turn negdy predicts internalization. The effect
sizes for each path ranges from very weak (i.edsatisfactior> internalization) to strong
(i.e., autonomous motivatiof* internalization).

Results from our second model also show excelleutatfit, x*(1) = .00,p = .99, CFI =

1.0, RMSEA = .00 (ClI: .00, 00); Figure 7. The modgla whole predicts 41 percent of the
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variance in achievement. Specifically, conditiosiggely and directly predicts need-
satisfaction, novelty, and achievement. Need-sati&fn positively predicts autonomous
motivation and achievement. Novelty negatively presdautonomous motivation and
achievement. Finally, autonomous motivation is sifpee predictor of achievement. In terms
of indirect effects, the results partly support assumptions. Condition is a significant
indirect predictor of autonomous motivation via eksatisfactionf§ = .29,z= 2.31,p< .05).
That is, the m-learning tool (relative to the difjiand traditional textbook) positively predicts
need-satisfaction, which in turn positively prediautonomous motivation. Condition is
negatively and indirectly related to autonomousivabion through noveltyd = -.27,z= -
2.34,p< .05). This suggests that the m-learning took(re¢ to the digital and traditional
textbook) positively predicts novelty, which in tunegatively predicts autonomous
motivation. Condition is not an indirect predictdfrachievement through need-satisfactipn (
=.24,z= .64,p = .52). Need-satisfaction is not a significant nedt effect of achievement via
autonomous motivatior(= .13,z=.56,p = .57). Moreover, condition is not a significant
indirect predictor of achievement via novelB/< -.38,z=-.82,p = .41). Lastly, novelty does
not indirectly predict achievement through autonasmotivation § = -.08,z = -.56,p< .58).
The effect size from condition to achievement isderately strong, whereas the effect size of

need-satisfaction and autonomous motivation are Wwebk.

Need-
satisfaction
.53(.38! .. -.07 (.00
.55 (.17 \
.86 (2.29
. Autonomous
Condition motivation »|  Internalization
A b /
-37(-09) L
.76 (1.38 ( )/ .13(.03!
Novelty
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Figure 6: Path-model 1 of the study variables predictirtgnmalization. The results show standardized regrescoefficients.
Condition coded as m-learning tool = 1, Digitalttook = 0, Traditional textbook = -1. A covariatibetween the residuals in need-
satisfaction and novelty was estimatBd=(.59) to improve model fit. All solid line patlse significant ap< .05. Non-significant paths are

shown as stippled lines. Effect siz& for each path is presented in parenthesis.

Need-
satisfaction

.52(.38 45 (.13
55 (.17

Autonomous |24 (.08
motivation

Condition Achievement

76 (1.38 T'-37 (~09) 50 .11,

Novelty

57 (.23

Figure 7: Path-model 2 of the study variables predictingeament. The results show standardized regressiefficients.
Condition coded as m-learning tool = 1, Digitalttmok = 0, Traditional textbook = -1. A covariatibatween the residuals in need-
satisfaction and novelty was estimatBd=(.59) to improve model fit. All paths are signiit afp< .05. Effect sizesfq) for each path is

presented in parenthesis.

4. Discussion

The main goal of the present study was to invetgigaw different technological tools
impact student motivation, internalization, andiagament. In particular, we tested whether
the need-supportive features offered in a plardriaric identification tool impact students”
autonomous motivation, internalization, and achneset over and above the effect of
novelty. In general, the results support our hypsés.

Consistent with our first hypothesis, we find thath the digital textbook and the m-
learning tool are perceived as significantly moogel than the traditional textbook. This is in
line with the assumptions that new, unfamiliar, pée®, and modern products are perceived
as more novel (Rogers, 1983; Silvia, 2005; Tatileo&dRosenthal, 2000). An important

finding is that the m-learning tool is perceivedsamificantly more novel than the digital

23



textbook. This may be due to the m-learning toeimgmore functionalities and features,
such as integration of Wi-Fi-connection and beiaggyaphically “smart” in that it can
exclude options that are not relevant based oneeruser is located, compared to the
digital textbook (Rogers, 1983). Importantly, thisding is not due to confounding effects of
the students” technology competence, which wagalted for and evenly distributed across
the conditions.

For our second hypothesis, we predicted that theaming tool would enhance the basic
psychological needs, autonomous motivation, ancegement relative to the traditional
textbook and digital textbook. Results from the A& partly support this. The m-learning
tool enhances the psychological needs for autoncomipetence, and relatedness, relative to
both the digital and the traditional textbook. Timay be linked to the underlying
motivational elements of need-satisfaction sucprasiding students with choice and options
that are built into the m-learning tool. Moreovitie dense feedback and possibility of
matching the challenge (i.e., species charactesjstio the user’s ability (i.e., knowledge of
traits) provide support for competence. Finally,geéving trust in the identification tool
provides a feeling of relatedness. Our resultcansistent with theorization of SDT.
According to Deci and Ryan (2000), the motivatiothghamics perceived in mobile
applications, such as support of choice and valjtaptimal challenges and effectance-
relevant feedback, and the experience of reciptoasi and care, will satisfy the users’ basic
psychological needs. These results are also censisith previous studies (Jeno et al., 2017,
Nikou & Economides, 2018).

In contrast to our hypothesis, we find no significdifference in autonomous motivation
between the study conditions. The students may foawel the situational learning activity of
identifying species as equally self-determined. &drievement, we find that the m-learning

tool contributes to significantly higher achievernscores than both the digital textbook and
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the traditional textbook, as expected. The m-legymool is more intuitive and easier to use,
with a modern design and user interface which noagribute to higher achievement scores.
Such features within a mobile application are pedazlly significant and may enhance a
student’s learning (Shroff & Keyes, 2017), whichyniee especially important in disciplines
such as biology that benefit from visualizationgphics, and direct interaction with the
learning content (Zydney & Warner, 2016).

In terms of the direct and indirect effects of thdearning tool on need-satisfaction,
autonomous motivation, internalization, and achmeest, the results from the two path-
analytical models generally support our hypothdsist, the m-learning condition (relative to
the digital and the traditional textbook), positiwpredicts need-satisfaction and novelty.
Only need-satisfaction in turn positively prediatdgonomous motivation, whereas novelty
negatively predicts autonomous motivation. Thisgasgs that only within-condition need-
satisfaction positively accounts for autonomousivation, whereas the perceived product
novelty is negatively associated with autonomousivation. Moreover, the indirect effect
analyses suggest that the m-learning tool posytipetdicts autonomous motivation, via the
effect of need-satisfaction. This is consistenhwaitevious research and SDT. For instance,
Ryan et al. (2006) found that the effect of comditand enjoyment is fully accounted for by
need-satisfaction. According to SDT, the effectha&f social environment on growth,
integrity, and wellness is fully mediated by thésfaction of the basic psychological needs
(Ryan & Deci, 2017).

For internalization, autonomous motivation is aifpos predictor of internalization,
whereas need-satisfaction and novelty are notfgignt predictors. Need-satisfaction
predicts internalization through autonomous motoratThis is in line SDT. According to
Vallerand (1997), the adjacent level of motivatioay have a recursive bottom-up effect on

that proximal level of motivation. That is, theusitional motivation for a learning activity
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may impact the contextual internalization of the@ational domain. This model has been
previously validated in the context of educatiom&g et al., 2003) and sports (Blanchard et
al., 2007). For achievement, the m-learning coadjtautonomous motivation, and need-
satisfaction are direct predictors of achievemehgreas novelty is a negative predictor of
achievement. This further suggests that it is hetterceived newness, usefulness, or
efficiency of a product that predicts achievemént,the underlying motivational
mechanisms afforded within them. This may havetmadmplications for how technologies

are created for educational purposes and in general

4.1 Limitations and future research

There are several limitations in our study thatvaoeth discussing. First, the sample size
employed in the present study was small. We cordiusbwer analyses prior to the
experimentation in order to recruit the necessamlver of participants, and thus the sample
size was appropriate for the purpose of the sthdyvever, it is recommended that future
studies use larger sample sizes when conductingriexgnts with three conditions. This is
important for two reasons: i) to increase powehmprocess models (i.e., path-analytical
models) and ii) to increase the ability to generatio the larger population.

Second, the experimentation time was short, whiak be problematic for the
internalization process. A longer experimental tiine, longitudinal design) may increase
the effect of need-satisfaction on internalizatmol the explained variation in internalization.
Furthermore, the short experimental time may nptwa long-term retention (i.e., deep
learning), which is important for academic achiegemHowever, the achievement test
provided to the participants during the experimeas developed to measure not only factual
knowledge (i.e., the number of species in Norwhgj students can find by searching, but

also conceptual knowledge on what to look for wigemtifying species and how to use the
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identification tool to find the correct species.Mddheless, future research needs to address
the implication of surface vs deep learning in @reng tools.

Third, the achievement scores were low acrossoalilitions. The students in the present
study were undergraduate students during theviiesk of a field-course about learning to
identify species. Hence, the low achievement scaresnostly due to the students” low
experience in identifying species. Others havehredsimilar conclusions (e.g., Jeno et al.,
2018). Future studies should extend the experirhénta and include more advanced student
samples in order to address whether the low acinemeis due to identification experience or
other confounding factors such as motivation, pgkimwwledge, or floor-effect of the
achievement measure.

Last, the present study is an investigation ofdgglstudents and identification of species.
Future studies should investigate the underlyiregdrgupportive features in other mobile
applications to assess how these features impagrss” situational motivation, contextual
internalization, and achievement. This is imporfanigeneralizing the results beyond student

populations and contexts.

4.2 Implicationsfor theory and practice

Overall, the present study provides an importantrdoution to the m-learning field. The
results provide an understanding of the motivaliteatures embedded within different
identification tools. Importantly, we provide andemstanding of how the perception of
novelty does not necessarily predict optimal maibraand achievement when accounting for
need-supportive features. Moreover, the theoretippfoach of SDT to understand the
underlying motivational processes in m-learningga® an important advancement towards
designing high-quality m-learning tools. Througk tans of SDT, we argue that not all m-
learning tools are designed equal, and that thaxse that satisfy the basic psychological

needs for autonomy, competence, and relatednes$iseat@ols that contribute to autonomous
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motivation (optimal motivation), internalizationu&ained learning and value), and
achievement (learning). This helps close the gapariterature in the SDT-field and m-
learning, as we are, to our knowledge, the firgddress this through the conceptual lens of
SDT.

Based on our results, we offer some practicalmeguendations. First, educators and m-
learning developers should evaluate and createamiteg tools in light of the need-
satisfaction afforded within the m-learning todisis is important for how we create
technology, but also which technologies are emplogeeducation. For instance, designing
new m-learning tools that provide a sense of chaicktion, and agency is necessary to
satisfy the need for autonomy, by providing supparbehaviors that are pursued out of self-
initiation. Satisfaction of competence is accontis through provision of dense and
informative feedback, positive feedback, and optichallenges. Such competence-enhancing
features within an m-learning tool are importantdaiser’s sense of mastery and
engagement. Additionally, truly immersive and engggn-learning tools (Przybylski, Rigby,
& Ryan, 2010; Ryan & Deci, 2017) include need-suppe features such as cooperation,
reciprocal trust, and caring in the m-learning t@bich satisfy the need for relatedness. By
providing such features, the user is involved a@lsf connected with the identification
experience when using the m-learning tool.

Second, m-learning tools may have different moivet! pulls within them that make
them more attractive to use than other m-learrmmotstand traditional learning tools.
However, although students may be attracted to $ooie due to their novel features, they
are not necessarily contributing to internalizatéoa achievement. Traditional tools may
incorporate need-supportive features, but m-legrtonls have more possibilities to facilitate

such processes making them more perceived as bweéh and engaging.
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Appendix

Achievement

* How many species of sedges (Carex) are there iwdGr

* In sedges with unequal spikelets, is the male $giloa top or below?

* What do we find inside the perigynium?

* Where do we find the (inflorescence) bract in age€d

* Which of the following characteristics are impottéor identifying a sedge
species? A) Number of stigmas, B) If the node isyl@ not hairy, C) Breadth of
the petals, D) If the spikelets are stalked orstalked

* Which sedge is in the plastic bag number 17?

* Which sedge is in the plastic bag number 27?

* Which sedge is in the plastic bag number 3?

* What characterizes a sedge?

Perceived competence
» My ability to identify species is well matched witte challenges of identifying
species
» | feel competent at identifying species
» | feel capable and effective in identifying species
Perceived autonomy
* | experienced a lot of freedom with this identiica tool
* | can find something interesting to do in this itiération tool
» This identification tool provides me with interegjioptions and choices

Perceived relatedness
» | experienced support from this identification tool
» This identification tool provides me with meaningifitformation that | can rely on
» | feel close and safe with this identification tool

Autonomous motivation
* Because identifying species is interesting
» Because it is for my own good to identify species
* Because | think it is pleasant to identify species
* Because it is good for me to identify species
* Because it is fun to identify species
» |l identify species by personal choice
» Because identifying species is enjoyable
» Because it is important for me to identify species

Controlled motivation
» Because it is expected to identify species
» There may be good reasons to identify specied, daon’'t see any
» Because it is something that | have to do
* |l identify species, but | am not sure if it is woit
* | identify species because | don’t have any choice
* ldon’t know, | don’t see what identifying speciasngs me
* Because | feel that | have to identify species
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| identify species, but | am not sure it is a gbloidg to pursue it

Perceived novelty

The use of this identification tool was a new exgase for me

This identification tool is a new and modern waydentify species with
This identification tool is an effective way to rdy species with

This identification tool is easy to use

It is exciting to use this identification tool

This identification tool is practical to bring alpto the field

Internalization

| believe species identification has some valuaéo

| think species identification is useful for me ang subject

Species identification is important for me becatusan increase my understanding
of species

| would be willing to identify species more becaitdeas some value to me
Species identification can help understand moigabgy

Species identification could be beneficial to me

| think species identification is an important &t

Technology competence

| am competent with technology
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Highlights

Study investigating the novelty effect of different learning tools

Mobile learning tool and digital textbook perceived as more novel relative to
traditional textbook

Mobile learning tool enhances achievement and need satisfaction relative to digital
textbook and traditional textbook

Path-analysis show that mobile learning tool uniquely enhances need satisfaction,
autonomous motivation and internalization

Results arein line with Self-Determination Theory



