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Abstract

The present study sheds light on transdisciplinary education through the application of a
scoping literature review, as a lack of a comprehensive synthesis in this area is evident.
Thus, the overview frames and outlines the scattered research that has been fulfilled until
now in this field. As a result, within transdisciplinary education, medical and adolescent
themes form the main scopes, while within sustainable transdisciplinary education, peda-
gogical design, socio-efficiency, and philosophy are the major themes. Furthermore, the
present study contributes to the understanding of transdisciplinary education by high-
lighting the avenues for future research. Consequently, the translation of transdisciplinary
teaching practices to comparable languages and an increase of transparency in the applica-
tion and reporting of the transdisciplinary design steps are suggested.

Keywords Transdisciplinary - Pedagogy - Teacher education - Teaching - Innovation

1 Introduction

The dominant approach in the current university and educational system is based on a
single-disciplinary style, though various attempts and experiments have been conducted
to shift the education towards interdisciplinary or transdisciplinary approaches in order
to better meet real-world expectations (Fortuin & Van Koppen, 2016; Knuuttila, 2013). A
similar drawback in the building blocks of teaching guidelines through siloed pedagogical
competencies can be observed (Jordan et al., 2008). Tackling this challenge requires a rig-
orous combination of modern pedagogy, facilitators, and different views (Klaassen, 2018).
The history of the transdisciplinary model goes back to the year 1840 to the term “consil-
ience”, which refers to a “jumping together of knowledge by linking facts across disciplines
to develop a common explanation” (Glittenberg, 2004, p. 8), where the author anticipated
the demand for a more rigorous learning process by interweaving knowledge of humanity
and natural science. Nonetheless, the first observation of the term, transdisciplinary, dates
back to the year 1982 (Glittenberg, 2004). Meanwhile, some studies noted the challenges of
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the siloed educational system, the barriers to merging different disciplines, and the essen-
tial competencies (e.g., Hansmann et al., 2009; Smith & Christie, 2004). Generally, the
issue of transdisciplinary education requires opening the closed boundaries of the subjects
or disciplines for integration “to see a variety of situations as like each other” (Jakobsen
& Bucciarelli, 2007, p. 299). Likewise, Hammer and Soderqvist (2001) highlighted that
the vital measures in experimental transdisciplinary teachings are the improvement of the
student awareness of various disciplinary terminologies and expressions to ease commu-
nications and the development of critical thinking in students to grow their capabilities to
view the world from different angles. Similarly, Grey and Connolly (2008) explained the
difficulty of transdisciplinary education by stating, “coming together is a beginning; keep-
ing together is progress; working together is success” (p. 102). This educational paradigm
needs an integrated model of education and a cooperative team and commitments from vari-
ous academic units and authorities in order to combine different curricula (McDaniel et al.,
2008). However, a variety of academic disciplines have not yet systematically engaged with
the transdisciplinary approach (Collin, 2009; Meneses & McNees, 2007). Nevertheless, the
development of integrated curricula as an emerging phenomenon is gaining considerable
attention in the advanced educational systems needing integration across disciplines (Lam
et al., 2013).

Accordingly, three main types of collaboration and integration between different disci-
plines can be determined: multidisciplinary, interdisciplinary, and transdisciplinary (Huu-
toniemi et al., 2010). A multidisciplinary approach is considered as independent works on
different facets of a topic within the boundary of each discipline, while a transdiscipli-
nary approach is an overlapping collaboration of theories, concepts, and shared problems
(Ferguson-Patrick et al., 2018). Thus, the degree of unity of theories, methods, concepts,
knowledge, values, and aims increases, respectively, from multidisciplinary to interdisci-
plinary, and then to transdisciplinary (Alvargonzilez, 2011). Nevertheless, there is also
an ambiguity in the interdisciplinary definition, as it can cover a wide range of interac-
tions, such as simple communications up to integrated methodologies and epistemologies
(Chowdhary et al., 2014; Fam et al., 2020). For instance, the following definition for inter-
disciplinary can be extracted: “a side by side of disciplines”, which is also equivalent to the
multidisciplinary concept (Baumgirtner et al., 2008, p. 386). Although the lack of consen-
sus about the transdisciplinary definition is visible in some academic works (for instance,
Gero (2017) considered the transdisciplinary approach as a subcategory of an interdiscipli-
nary approach), the study of the development of the process of transdisciplinary education
distinguishes it from the interdisciplinary process through integrated leadership and shared
missions in the social context (Otis-Green et al., 2009). Simply speaking, interdisciplinary
is considered as the cooperation of scientific disciplines, while transdisciplinary is the
interrelationship of science and society (Alvargonzalez, 2011).

Furthermore, a transdisciplinary approach is a vital factor to fulfil the sustainable develop-
ment goals determined by the United Nations (Pennington et al., 2020). Although the notion
of sustainable development was coined in the year 1987, it will be imposing further complex-
ity to decision systems, including education, considering that new dimensions and features are
still being added to the sustainable development concept by research scholars, replacing the
traditional triple bottom lines of society, environment, and economics (Gaziulusoy & Boyle,
2013; Hamdouch & Zuindeau, 2010). Accordingly, new concepts and systems need to be
shaped or integrated into the educational process that also make the traditional triangle of pas-
sive education (content, teacher, and student) invalid (Steiner & Posch, 2006). Therefore, the
demand for sustainability has made the teaching scenarios more complicated since a variety of
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new methods, lenses, and competencies should merge to make teaching schemes more career-
relevant and ensure that they meet the new expectations (Brown et al., 2017).

According to the simulated case study of Fromhold-FEisebith et al. (2009), shifting the edu-
cation governance towards transdisciplinarity needs to cope with several contradictions, such
as tradition vs innovation, single vs together, inside vs outside. Accordingly, an interactive
transdisciplinary educational system demands an active and purposeful interaction of students,
teachers, and stakeholders (Carpenter et al., 1998). The core concept of this systematic educa-
tion framework depends on both the maturity of the process of innovation (e.g., collaborative
learning towards the acquisition of knowledge) and the degree of stakeholders’ involvement
(Kekes & Mylonakou, 2006). Nevertheless, the measurement of the success of transdiscipli-
nary teaching has been a debatable issue, mainly depending on variation in the intended goals
and aims of teaching and on methodological weaknesses (Jahangiri et al., 2008). For instance,
Lambert and Monnier-Barbarino (2005) determined related achievement criteria through the
level of students’ evolution, such as the capability to translate disciplinary knowledge into the
language of another discipline, or curiosity and analysis of obstacles to sharing the new con-
cepts and paradigms.

In the process of operationalising transdisciplinary education, simulating a model of
an actual situation is a crucial step (Aeberhard & Rist, 2009). However, there is not enough
existing empirical evidence regarding models of transdisciplinary learning implementation
(Nash, 2008). A model as a toolbox, or “toy model”, can aid the transdisciplinary teaching
process, which is also affected by sustainability complexity (Baumgirtner et al., 2008, p. 389).
Accordingly, complexity in transdisciplinary education is regarded as a wicked problem and is
characterised as uncontrollable, unique, and unpredictable due to the variety of stakeholders’
perspectives (Valdés et al., 2019). As a general educational policy, implementing “reflective
practice” in the transdisciplinary education process can ease this complexity issue (Bore &
Wright, 2009, p. 241). The critical components of reflexive teaching and learning are the theo-
retical models used to systematically evaluate the scientific facets of the transdisciplinary pro-
cess and the know-how of bridging the gap between the theory and practice (Fortuin & Van
Koppen, 2016). Meanwhile, McGregor (2017) recommends inquiry-based pedagogy, which is
mainly based on the interactive enquiries of students in a collaborative learning environment,
as an impactful strategy for the transition towards transdisciplinary teaching. Hence, to meet
the real expectations of education and society, a change-oriented pedagogy based on collabo-
ration and reflexive approaches is essential (Whelan & Lawthom, 2009). Table 1 depicts an
outline of the facets of multi-, inter-, and transdisciplinary approaches.

This paper is structured as follows. The next section explains the methodology of the study.
Subsequently, we discuss the main body of the review in three phases. First, the evaluation of
transdisciplinary teaching and education without contributing to sustainable development is
presented. This is followed by an exploration of transdisciplinary teaching and sustainability.
Finally, pragmatic views are presented. The study is finalised by a discussion and recommen-
dations for future research.

2 Method

The literature review is considered as one of the key tools for classifying and synthesis-
ing a group of different studies from diverse disciplines and methodologies that contrib-
ute to a similar domain of problems and scientific gaps (Teixeira et al., 2012). Mean-
while, a scoping review mainly summarises an area and offers a snapshot of a specific
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area of literature, without judgement about the quality, while striving to draw a rapid
map of the circumstances (Barbeau et al., 2018). Thus, scoping reviews, in contrast to
systematic reviews, provide a broader overview of the studies (McEvoy et al., 2015).
Moreover, a scoping review can be a precursor to a systematic review (Munn et al.,
2018).

Consequently, a scoping review considers a predetermined set of criteria to gener-
ate a comprehensive search to answer a specific research question while leading to the
transparency and reliability of the results (Coemans & Hannes, 2017). The general cri-
teria are the number and type of papers that should be included in the analysis to offer a
rapid unbiased review (Stevenson et al., 2017). The contribution of systematic review to
the analysis of transdisciplinary education has been endorsed in extant scholarly works
(Bellamy et al., 2013). Accordingly, our broad research question has been: What are the
status and overview of the extant scholarly works related to transdisciplinary teaching
and education?

This study is based on a review of peer-reviewed articles, while our analysis strives
to make a distinction between the transdisciplinary approach as a “research methodol-
ogy” and the transdisciplinary approach as a “teaching” method (e.g., Fam et al., 2020).
The EBSCOhost database has been used to collect the samples required for the syn-
thesis. The primary selection process has been based on the Boolean search method,
and the search terms were “transdisciplinary” on Title; AND “teaching” on Subject OR
“education” on Subject/Source OR “pedagogy” on Subject OR “students” on Abstract.
Thus, we have focused on contributions that have stated the transdisciplinary term at the
title of the papers. This initial search of the articles formed 458 potential results after
the year 2010 (as shown in the Prisma diagram in Fig. 1).

The review framework follows a five-step scoping strategy: identification of research
question, recognising related studies, selection, charting, and reporting the results
(Arksey & O’Malley, 2005; Marcheschi et al., 2018). Consequently, different crite-
ria were considered to select the final group of the involved papers. For the reliability
and validity of this study, the following (peer-reviewed) databases have been included:
Elsevier, Sage, Springer, Taylor & Francis, Wiley, and Emerald. Results such as edito-
rial commentaries, personal views, conference papers, poster presentations, and dupli-
cated results, were excluded. Therefore, 69 articles were finally included in the review
process.

Then, the main filter was by the inclusion of the “sustainability” term in the content of
included papers, reducing the total to 33 out of 69. However, a group of the 36 papers with-
out contribution to the sustainable development evaluated as well, to provide a compara-
tive view of how sustainable development as a more recent phenomenon has impacted the
transdisciplinary study trends.

In the next stage, we have filtered the pragmatic approach of the chosen literature by
the “triangulation” term to answer: What, practically, can we do? (e.g., Huutoniemi et al.,
2010). Varpio et al. (2017) have defined triangulation as using multiple types of data, inves-
tigators, methods, theories, and philosophies to cover the reliability, accuracy, and validity
of the teaching or study. However, incorporation of the “triangulation” filter revealed no
explicit contribution to the pedagogical triangulation, and just a few papers involved it as
a “research” methodology (not a teaching method/strategy). Thus, we have implemented a
separate search string by “triangulation” on Title and “teaching” on Subject that resulted
in 13 papers, while four articles were found relevant. Hence, the scoping review acted as a
precursor for the last step, which is a systematic judgement about the articles (Peters et al.,
2015).
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Fig. 1 Scoping review process

3 Results
3.1 Transdisciplinary Teaching and Education

This section illustrates the scope of transdisciplinary teaching and education, without con-
tribution to sustainable development. The evaluation in Table 2 has revealed relationships
between transdisciplinary education and different key themes. Therefore, the assessment in
this section has resulted in the following major scopes: medical, adolescent, art, pedagogi-
cal design and planning, language, socio-efficiency, and special education. A summary of
the findings and a brief explanation of each scope are presented in Table 3. The scoping of
the included papers was done mainly via the subject and context explanations provided by
EBSCOhost.

3.2 Transdisciplinary Education and Sustainable Development

Following the complex nature of transdisciplinarity, the impact of the multidimensional
aspect of sustainability can be observed in this section (Table 4). Technically, designing
education for sustainability requires tackling real-life problems that are beyond a simple
academic practice, which requires a shift towards the collaborative and integrated model
of learning and education (Bootsma et al., 2014). Aneas (2015) has defined sustainable
transdisciplinary education as a collection of maps and socio-cultural perspectives that can

@ Springer



ing Review

A Scop

Analysing Transdisciplinary Education

[BIIA ST (SON[NOBY JUQIHIP
Jo “3°9) eapnruod 109fo1d € 10 J9pea © Jo uonedronied oAnOR ‘OIIYMUEBIL

s100lo1d 10114 ‘uonEINPS

cuoneonpa Areurdiosipsuen jo Jusawdo[aaap dy) 19)s0j Ued SSuruer) pAle[NWIS S USWOA ‘uone[nuls reinduwo)) vSn QUIDIPIJA JOpURD) (9Z107) “T8 10 AIWOS WO
oMU}
pUE ‘UONBITUNWIWIOD ‘SonI[Iqisuodsar ‘sonfea se wnnormd Areurdrosipsuern
) JO $5990NS ) 10J SAOUJAAWIOD UTBW ) SAULYAP ‘O[IYMUBIJA “(Jeuorjeu sawoaNQ)
pue ‘Suryoed) ‘vAnensrurpe) saanoadsiad [aa[nnuw Jo yoey ay) SIYSIYSIH  WLIOJAI AILD YI[BIY ‘suone[nuis VSN sorur[) Sursiy (eZ107) I8 12 A1owo3IoA
SyIomaurely $10)08] [B10 on081d
[eAQ[mNw & ySnoxy sarpnys Areurjdrosipsuen jo 93us[[eyod oY) sassnISIJ  -0SOYIASJ SPOYIRJA] ‘UOTIBN[BAT vsn uonowold yiesy (Z107) e 10 ueWwISSED
SOWoINo JursA[eue pue ‘9dudprAd o) Surkjdde
‘Kipenb oy Suisteidde ‘oouapias oy Surnmboe ‘uonsanb [eonoeid v Sunyse
da)s oAl Jo Sunstsuod ‘oonoeld paseq-0oudpIad Jo 1doouod oy Sundope Kotjod reuoneonpy ‘spo Q0moRIJ YIOM
Aq suonesruNWWod pue donoed ‘YoIeasal Ay ALITAUL 0) [9pOW B sajensny[| -ypow Sururer], tsaonoeid 1sog vSn [B100S UO [IIedsoy (£107) “Te 10 Awrejog
sour[diosIp ay) $s0Ioe pue spunoiSyoeq
[e100s pue [eonijod JUSISPIP YIIM UONRULIOJUT JO UOBIIPISUOIAI PUB UOIS
-uayaIduwod SPIEMO) MITA SANRISAUI UR ST , AJBII] UOTIBWLIOJUT [BOIILID,, Y],
*sour[diosIp JuareyIp jo [opowr pajeisSayur ue dojaasp 0y  LoeIeN| UOHBULIOUT Jwoy [ESIPIA ‘uon drysuerrelqiy orwop
[BONLID,, JO SUBAWI B SB 9JIAIDS I[BY ) Ul URLIIQIT JO IXAUO0D 3Y) SIS -RIOQR[[0D) ‘YI[eaY [BINOIARYIG vSn -BOY JO [BUINO[ A ], #102) prod
$5900NS JO SI0IRJIPUT PUB ‘SIOIUSW JO YOB[ B
‘sjouueyd uonesrqnd ‘Surpuny se yons ‘SILLIEQ UTBW YY) AWOIIIAO 0) * SId[q
-qep,, 10 s10J0duu0d pue djdoad jo K)or1eA Jopim B Surpnjour Aq sIouIed] Ay} QouepINg [BUONBIOA ‘Furures| SOIYIF 29 QUIDIPAIA!
Jo suoz ay jo uoisuedxa pue ‘ssouuado ‘Kfruny jo AeIuaW Y} SPUSWIWOITY QATIBIOQE[[0)) ‘s10adse [e100S vsn MET JO [RUINO[ AY T, (#102) “Te 1 [[o11R)
SOIpNIS dININJ J0J PAYILWAI
st poyjowr Areurjdrosip-9[3urs ayy Joao yoeordde Kreurjdrosipsuen ayy jo L1
-10113dns 9y} “19AdMOY (71T "d) . MIIA *** PaIeys B dARY pue ‘A[snosue)jnuirs
UIRJ] ‘$9[01 PUB SILIEPUNOQ I[IXIY YIIM ‘A[IAISUSIUI IRIOQR[[0D,, JBY) Wed) uoneonpg uoneyIq
& y3noay) uoneonpo Areurjdrosipsuen) 9AN9JJ9 10j yiomaowesj e sdojoadq  ‘yudweSeue]y K109y} papunoln) wnigfeg -eyay pue AIqesiq (8107) “Te 12 ewilipy
UONBIOQR[[0O PUE UOTBAOUUT
10§ SI0JOBJ [BIUSN[UI JSOU ) PAISPISUOD Ik s[eos [euorssajoid pue sanfea suonefar
SIUSPNIS ) “TOAIMOH] “S[[IS  Sunjury) usIsap,, Se yons ‘syuopnys Juowe [euorssajoxdiayu] ‘Surroourdug
SUOTIEIOQE[[0d Jo ANAToNpoId 9y 99UBYUD 0) $9X0Q[00) 10J Pasu Ay SIYSIYSIH sdiysmouardonuy :diysiopea vSn I0yoBa], [BIIPIIN (8107) “I® 10 oqizerg [eJIPIN
Joyine )s1y oy
Krewrwuns uonnqruuo)) BOIE SNOO]  JO UONRI[YY [eunor ERlIEIEIEN| Qway [,

sadoos uoneonpa pue Juryoes) Areurdosipsuen Jo MIIAIAQ T d]qel

pringer

As



H. Daneshpour, E. Kwegyir-Afful

(stxe1q) oonoead [euosrod
pue ‘Kjiqeiunodse ‘Kijiqerouna ySnoxyy (¢£¢ “d) ., purwop moqe| Areu

sontjod :A3ojoyoAsd

-1[d1osIpsueI) INO S0P SUONBIOQR[[0D JO SPULY JeyA,, JO uonsanb ay) sIomsuy [BI00S ‘JUQWISSasse paseq-Ke|d epeue)) sarnn, pLIOA\ (8107) “Te 10 pue
SIoquuaw wed)
oY) Suowe uonesIAAUOS Yuelj pue uado ySnoxyy uonoagar pue sarydosoryd swred) Areurdrosipiojuy ‘suwe) pooypy) Areq
puE S[EO3 UOWWOD FULILYS :SB YIOMUIED) JOJ SAINSBIW JANIS SPUIWOIIY Suryoea], ‘uonuaa)ul ALreq eI[RNSNY  JO [RUINO[ UBISR[RNSNY (2107) Suop pue Suruwn)
(10¢€ "d) . sweIsAs [em)xauod oY) pue
s[enpIAIpul,, Jo uonoerul xa[dwod e y3no1y) juswdo[oasp uewny sauyap
yorym ‘seonoeld Kreurjdrosipsuer) 3urdo[oAdp 10 pAIdPISUOD U23q SBY uor) SQOIAIQS UBWINY $SA1)
-IPUOJ 9JI[-[eal ) JO UONB[NUWIS B SB JUSWISSISSE paseq-Ae[d Jo uonnqLiuod ay],  -1[IQesIp YIIm S)UapnI§ (sjuared [eSmiog uoneaInpg pooypIIy) (S107) “Te 19 BIID1IO]-SAYOURS
[eroueuly
Su1yoea) 10 2IMI[ND J[QEIINS B JO UONEBAIO ) 1038 APuedoyIusis ueo (s1ojoe} {PISEQ-20UAPIAT ‘JUSW yesy
[eonijod pue [B100S SB YONS) S[OAS] OSAW PuE 0IdeW JO 19edwl 9Y) By} San3Iy -dojaasp pue Suruuerd 1ea1e) vsn JUISI[OPY JO [eUINOf (0102) e 19 suewyg
(L9 "d) wooissero oy ur (K1ojedrouewo) UOIRONPI JUBAJ[AX
Kynba Suisiseydwo o[1ym  paLIeA sI JutuIes] s udIp[Iyo Junok,, se yons ‘sadn A[rermyn) tspoylowr Juryoea], uoreanpyg
-oe1d uryora) $)uedsSOpe JY) wiIojsuen) ued ey sajdourid Aoy oYy saonponuy {SBIq [R100S ‘uonEBONPa [Enby VSN Ul YoIeasay JO MAIAY (6102) e 10 Sutuuey-0INOS
1003 Kreurjdrosipsuen [esrSojowa)sido ue ojerouas 0y (Aeyd oSueypd [eog [ewmnor
901 ‘sawes “3'9) Spoyjow Paseq-uonddPal pue SunUIY) ONBW)SAS SAUIqUIOD) K109y swAISAS ‘yireay orqnd eIfensny eI[RNSNY BWRI (N (1102) 1IyeD
SII[IWEJ JO UONRIOQR[[0D
JIoYINg 9Y) SpIemo) saonoeId Jo UONLIULLIO puk ‘S)udpmys Suowe ssauanbrun Surio)uaA
pue K1s10A1p 9y Sunjea £q uoneredad ‘Kjpiqrxey ySnoyy uoisnjour Jnoqe fuoneI3oyul [e100g {sANI[Iqe [ewinof uorn
jospur pue o3k 9ANIsod  Jo uoisiaoid 9y :uo paseq [9pOW B SIUASAI] -SIP ()M USIP[IYD IO SOJTAIS VSN  -eonpyg pooyp[y) Apeg (0107) T8 10 UBULIOAIS JUIISI[OPY
Joyine Js1y oy}
Arewruns uonnqrIuoD) BOIE SN0  JO UONRI[JY [eunof Q0URIRJY Qway [,

(ponunuod) zsjqer

pringer

Qs



ing Review

A Scop

Analysing Transdisciplinary Education

2onoeld pue K109y} Y3 usamiaq des ay a3pLIq 03 SI2YIEI) JO uor

drysuonerar sonoed
K109y ], {Apmys Juopuadopuy

uonEONpy AN

-ewIojsuen feuosiad oy 107 , 9onoe1d aAndopar,, Jo souelrodur oy SaSSNOSI {SUTUIBO] QATIRULIOJSURI], VSN  -BPWIOJSURIL, JO [BUINO[ ($107) “Te 10 serewes
BAIE ST} UT Y0183 [eOLIIdWS I9Y1IN] J0J PISU ) SasTel
pue ‘_ sonAreue Surureay,, jo aurjdrosip mou e jo juswdo[eaap ay) saro[dxa pue [oIeasal [BUOTEINPH ‘UOTEd Surured| pue
‘waIsKs009 Surured| Areurpdiosipsuen ay) 10y [opouwr [enydoouod € seonponu]  -np? IoySiy ‘uonejardiojur eieq erensny  agpopmouy ‘A3ojouyoy, (L107) “Te 12 93po]
Sunjury) reonuo pue 9oadsal pue ISnI) ‘uonEOIUNU [euonEUIAIU]
-wod uado pue Iea[o st Yans ‘UoNLIOGR[[0d dATOJJS 10] SI3ens ) sjuasald uoneonpa 1Yy Surures] Suryoea], pue uon
pue uoneonpa Areurjdrosipsuer) jo 10adse [eorojowa)sido ay) UO $ASN00,]  PIseq-w[qold ‘KI[Iqe AR vSn -BONPH Ul suoneAOUU] (#107) “Te 12 JouSep
sour[dIoSIp SNOLIBA 10J JI0oMAWEI) SuIyoed) 9a13-102(qns e apraoxd uoneonpa ur Suruuerd
ued saje[dur) 9say) ‘A[erouan) *£39)ens JuIyoes) 9ATIRAIO 9JIOU B JIOAT[P sasn A3ojourpa], ‘oouaSijajur Surureo| pue pue ugisop
ued ‘9re[dwa) e se ‘suosso] pausdisap-aid Areurjdiosipsuen jo uoneordde ayJ, [eUOTIOWH {WISIATIONISUOD) elensny  a3pajmouy| ‘A3ojouyor], (L107) Azoqoq [eo13o3epad
S[00Yds UT SaSurYDd 2INMONNSEIJUT pue [Bjudwepuny axnbar jey)
s100(01d 9ATSUA) XD URY) IoYIRT ‘SIUSIIAd XS WOOISSE[O [enpIAIpuI ul yoeoidde
Kreurjdrosipsuen oy juowordwr 0) Ayrumaioddo ue se popieSar st INVHLS
‘snyJ, "ssaoo01d Surured uo-spuey ay) ur Jef[id e se parapIsuoo st sunjewnry  A)anear) (Syjudwudissy NALS VSN uoneonpy My (9107) oery
(Suryury Jo 19491 19y31y © doaadp 01 (6661) SRUINA PUB 1100S £q pajuds
-a1d sj00) 2y “3°9) Spoylow JuruIed] UO-SPURY dATRAIO pue ‘AInbur (2oL Kxmbur aAnear)) :ASojouyo) MITAY
‘Surajos-worqord uo paseq 2q prnoys e[noLLNd Areurjdiosipsuen jey) s1sa83ng [euoneonpy fuoneanpa LS vSn Korjo4 uoneonpyg 1y (8107) ounueiso)
(821 "d) . Luord Teor3oSepad e st
sjuapmys [[e ut uoisia Jo Ayrpeanyd ay) pue ssoupapurw-uado Surrepuaduo,, sny)
‘soanoadsiad Juazeyip spremo) ssouuado 10y 10 ued uopeld Kreurjdiosip [eanynoroiuy QOUBULIOLId] 6102)
-sued e jey) AN[IqIXap Ay AJLIR[O 0] UONEBSHRIOOWAp,, Jo A30[0ap! Yy sasodoid ‘Suimel(y ‘A3ojouyd ensiq BIPU]  pUB 2IBAYJ, U SAIPMS SUI[[0D) PUB UBUYSLIYEYIURUY
WNNOLLIND (SONBWAYIRA
pue ‘Surredurdug ‘ASojouyda], ‘@oudIog) NHLS Y} JO UONRULIOJSUET) ) uoneonpa Arejuawalg
JO JOALIp KoY ® B paIapisuod st A303epad oaneireu pue 1re jo uonesidde oy,  3urje) K101§ ‘spoyrow Suryoea], vSn uoneanpyg 1y (6107) DIsuewIoy 1y
Joyine Js1y oy
KIeuruns uonnqruuo)) BOIB SN0  JO UONEBIJY [eunofg Q0URIRJIY Qway [,

(ponunuod) zsjqer

pringer

As



H. Daneshpour, E. Kwegyir-Afful

uonedIuNWWo Jo sueaw e se (urspid) oSen3ue| pareys e sarnnbax
sour[dIosIp JUSISJJIp 0M) UIIM19q uoneIZajur Jey) surejdxa Apms oy, 103[qns

Knreurydiost

KSojopoyo|y

Kreurdiosipsuen e 0Jul A[OAD Ued Apnis Jo poy Areur[diosipninu & moy SMoyS  -pLIN[d STy (SIoyIeW [BIoUBUL] epeue)) SMWOUODF JO [euInof (£107) S1AOUBAO[ PUE SIYOUIYIS
(saniqiqe [eonAjeue pue Sunyury) swoIsAs
¢3°9) 90UQIds O1SBq pUE USISAP ) JO SUOTSUIUWIP 2JLITOIUT ULD I S SAIPMIS
Surreour3us Jyouaq AqresrSoSepad ueo poyiour SIy ], “SUONIPUOD SUMYIOM IIY) Sur
ur syuepnis £q papadu suonodeIAUI [eInymolul Ay urejdxe o) swidipered [ed so1yl ‘s1eouru? Jo Sururery, -100u13uy [eqO[D) J0F
-13ojowa)stdo JuaIolIp 0m) Suruiquiod Aq poreul [esrdoSepad mau e SO £2INI[ND 29 UOTIROIUNWIWO)) VSN  Sururerf pue Suryoes], (9107) Nx
SOSI010XA [RIURWILIAdXD
pue quawugisse-dnoid ‘9ATIO9PaI SB yons ‘9sInod AJNSIdAIUN © ur saonoeld
Jo uoneuIquod e pajudwe[duwr sey de3 s1y) SS2IPPE 0] pue ‘SAIPNIS [BATYIIR K3ojod Kouaro
oy 10j A303epad Areurdiosipsuen ay) 0) UONUIE JO YIB] AY) UMOYS SBH  -OIYIUY :KIOWSJA $SHYSLI Uewny] vsn QOUAIOG [BATYIIY (L10T) Yo1AO[I[eH PUB PUB[I[[ID) -1JJo-0190S
SSUTUIRI] [B21 9)BIDUDT 0] JUAUNIWIWOD
PUE JSILI) [ENINW UO PAskq ‘9)Uall PUB JOJUW ) UIIM)Aq UONIBIAJUI SPIAU K)IATXOPY ‘uoneonp? ut ur Sunup 93endue|
Je1) A303epad jo [opour  pafesus,, oy 0 Surrojuow ATeur[diosIpsuen oY) SYUI]  -IOJUSJA] SUOTILIISSSIP OTIPLIy vSn Pu029g Jo [euInof  (61(07) TUO[AS PUE UNIRIA-ZIYOULS
SPadU [BI12I0AY) SNOLIBA ) J99W Puk S[oT 20u2L0s dFenFue| 1010 ) 0) AN
-qLIuod 0} saLrepunoq aur[diosip  uonisimboe agen3ue| puodsss,, ay) Surweijar uononnsur
pue ‘sout[dIosIp I9Y10 M S[e0S UOWWod SULILYS YINOIY) UONEONpPS  UoT) oZen3ue[ puooag ‘sisAeue
-1smboe o3enSue] puoosss,, oY) 1o} AreurdIosIpsuer) Jo 90uLOYIUSIIS AY) SAUYJ puax], :sour[drosip [enjo9[eIu] vsn Sururea| oFenSue (£107) ©39110
a3pomouy o3en3uey o)
70 Juawdo[aAdp Y} 10J 1XAQUOD [RIO0S dY) JO 20URdYIUSIS 9y} asiseydwd 01 191
-SI391 O1OTWS,, PUE *, SIIINOSAI ANOIWRS,, * A110)12dd1,, JO SULID) MU SULIDJJO SPdUANYUI [RIO0S [eunof
Aq . uonismboe aFen3ue| puosas,, Jo yromawerj Areurdiosipsuen ay) sJUAXF {UONORIAU] {[9AJ] AFp[mouy| VSN  o3enSueT  uIopojy 2y, (6102) ITeH
(897 "d) uoneonps Areurdrosipsuern jo
$5900NS 3Y) 0) UONIPUOd-a1d © St I9YILA) oY) JO ,20uLIAdXD PAAIL], pue  Juow uonisiboe
-dojoaap aantugdoo,, oy Sursiseydwo Aq {(KSojoopr) oroew pue ‘(mynsur) a3enSue| puoodg {s10)08] [BIN) [ewinof
0SoU ‘(JOAJ] UBWINY) OIOTWI SB YIOMAWEIJ [9Ad[N[NW [eMdooU0d € $JUasald  -[NJ0ID0S SI9YOL) JO UONeINpH VSN  o3en3ue uIBpoIA YL, (6107) uosuyor oSen3ue]
Joyine Js1y oy}
KIeurwns uonnqruuo)) BOIE SN0  JO UONEBIJY [eunof Q0URIRJY Qway [,

(ponunuod) zsjqer

pringer

Qs



ing Review

A Scop

Analysing Transdisciplinary Education

sonsm3ur pue ‘K3ojo100s ‘A30[0yoAsd jo sosua] renmdosuos dery) Surkjdde
Aq senZo[eIp WooIsSe[d Y ssasse 0} yromauwely Areurjdrosipsuen e syuowa[duy

SI0)0B} [RUIAUI
10 [eUIIX? 0) dsuodsar ut ydepe 0) A)fIqe ue se paIApIsuod st uonou Aronserd
9y, sour[dIosIp [BUOTEINPS IAYI0 0) JOUOP B SB AUIIISOINAU S}0UU0D

(eouaryisar pue ‘Kyijiqerouina ‘Kwouone)  Aonsed,, Jo 1deouod orwd)sAs ayJ,

9onoeid 0TI9I A} PUE ‘SaNJeA PaIeys ‘AydreIary jsurede uelre)ess ue

SE [JONS ‘SUOIIRIOQR][09 ) JO SSI00NS Y} J0J BLIAILIO ) SASSNISIP (Kfesned

pue [opow diysiopea]) sa1103y) om) jo uoneorjdde £q pue ‘suoneioqe[joo
Areurpdiosipsuel 10J I911Ieq € SB puru jo syiqey Areurjdiosip oy s1opIsuo))

sossad01d Sururen pue ‘uoneI3our ‘uoneIouad
oy ur s1ouped A3y se os[e Inq ‘23pajmouy| Jo s1asn se AJUO Jou SIB[OYdS )
spuawwosar donoeid jo diysrejoyos,, jo eapr ayJ, "(18 d) Lreuridiosipsuen
10J  S[OPOUI MAU )LAI-1,, 0} SIOP[OYINLIS PUB SANTLI[[0I (IIM SUOTILIOQR][0D
QATIOE A PuaIXa pue uado sjudpns Jo A3ojowalsids ayy e ued ssadord
[euoneanpa oy ur doneid jo diysiejoyos ay) Jo uonerodioou] ‘KIIANEId
IUang SuIpuRWOP A[IYM SUOTRIdAAXS pue Spasul 8191008 spIemo) sidwane
9y 98eI0A9] pue 1IRAIp 0 2o10e1d Jo drysrejoyos,, a1 Suruwiioar s1sa33ng

KYISIOATP JO dTuR[reyd Ayl Ayoe)
0] [9pOW DIAISS © st wed) Areurfdiosipsuen ay) jo fenuajod ay) seonponup

pajIewaI uedq sey yoeoidde
Kreurpdiosipsuen ay) jo ssaooad juawdo[aAaap ay) ur Aouaredsuer 1oyjing 10y
PIJU Y} ‘SSA[AYLIDAAN "Wed) ATeur[dIdsIpsuLI) panuad-[Iure]  9q ued padu
SIY) $SAIPpE 0) [opow 2[qe)ins AJuo ay) Jey) sutejdxe ¢ xajdwod-1adns,, s
1X2JU09 SIY} SUIUIULIRR( "UONBITIUI 10] SALTEpUNOq sourdiosip JuaIalyip
uado 03 spoau Jery (1o310Mm AoY) [opowr ured) Areurdrosipsuen e surejdxg

UOHEIIUNWIWOD
wooisse[) ‘Surures] a3enSue|
Pu0d3g $51doduo0d [EonRWAYIRIA BOLIJY YINOS

QOURIISAY $sassao0rd

Surures| Surures] enuarrodxyg uredg
K1001)
S[OpOW [BIUSJA] {UONIBIOQR[[0D
Iodea], ‘o8papmou jo 109y], vSn

Kynoey Ansioatun

£SJUAPIIS [BI0I0(] $SIB[OYIS vsn
sanIiqe
1 suorsnpouy ‘Ad1[04 [00YdS vsn

K1o9y],
CUONUAAIANUI AT {UONOIPIY eIRISNY

uoneonpy
SONBWAYIRIA UO [BU
-INO( [RUONBUINU] Y],

KSojouyoay,
pue BIpJA ‘Surureo|

uonesnpy
I0YSTH dATRAOUU]

uoneonpy JOYSTH
10J SUONIAIIJ MON

UOIBONPH dAISN]OU]
JO [EUINOf [RUONRUIDIU]

JIOA\ [BIO0S URI[ENSNY

(8107) USARID) PUE UOS)IAQOY SONRWAYIRIA

(S107) Ie 19 0dseLIR)) BIOIRD) QOUIIISOINAN

(Z107) “Te 10 ednseuep Kydosorryg
saIpnIs
(L107) S109sS0YS pue S[OIUBOIA! [e10300(

(T100) “Ie 10 yyrosreg

uon
(L107) SueAg  -eonpa [eroads

Arewruns uonnqrIuoD)

Joyine Js1y Y}
BOIE SNOOJ  JO UONRI[Y

[ewnor

QoURIAJY Qway [,

(ponunuod) zsjqer

pringer

As



H. Daneshpour, E. Kwegyir-Afful

9¢ [e10L
[Chlildnelindigehlicl b
¥ - -omou ‘Aydosorryd ‘sarpnis [10100p) SIYIO
z AYIQeSI( ‘UOT)EONPA QATSN[OU] uoneonpa [eroads
SOTWOU0J? [BIOUBUL] $SONSLINSY

I Termn) ‘erodser( ‘s1opjoyayels [e12100§ sIYSLI uewny Joedwll [RIO0S PUB 9N[EA PIPPE JIWOU0ID PAJeISAU] Kouaro1Je-0100§

¥ o103y Yy ‘uonisinboe afenue] puodag (SISATeUR UONBSIOAUOD) a3enSue]

¥ uoneonpa 1yY3Sry ‘A3o3epad aaneuriojsuel], ‘sonAfeue JuruIea (SUrIL9] paseq-wo[qold {WN[NOLLIND pajer3ajuy ugisop [eo13o3epad

¥ uoneonpa aneay [, ‘Ayanear) ‘Aimbur oanear) (Surmel ny

L Anqiqestp pryD ‘ared yinok pue pry) ‘uonedonred yinox JUSISI[OPY

8 WIQISAS QIBOY)[BIH SOTWOPUAS ‘YI[BaY [BIUSJA ‘YI[BY [BINOIARYDY ‘JuswoSeuew ured [BOIPIAL

ssurpuy

Jo Joquuny (03 paytury Jou Inq sepnjour) 2doos oy} Jo uoneue[dxa ISIOUOD Y sadoog

sadoos uoneonpa pue uryoed) Areurdiosipsuern ay3 Jo sSuipuy ay) Jo Arewwung € a|qe|

pringer

Qs



Analysing Transdisciplinary Education: A Scoping Review

be used to observe real-life problems from different angles. Furthermore, the success of the
transdisciplinary program also depends on the degree of collaboration with stakeholders
(Meyer et al., 2017). The teachers’ stance in teaching sustainable development through an
“innovative pedagogy” is a leading factor in promoting the epistemic change of transdisci-
plinary education into a shared learning process among science and stakeholders (Jia et al.,
2019, p. 167). Similarly, two different forms of pedagogy can be recognised as extrinsically
motivated (e.g., “fear of failure”) for the traditional subject-oriented teaching approach, and
intrinsically motivated to enable the deep understanding that can provide the “hope for suc-
cess” of sustainable transdisciplinary education by considering a holistic and global view
in confronting sustainability challenges (Nordén, 2018, p. 11-12). Tackling this complex-
ity requires methods and curricula that integrate isolated scientific knowledge and society
in the process of learning and in the production of knowledge (Clark & Button, 2011).

Meanwhile, as the transdisciplinary education strategy is problem-solving-oriented,
having a pragmatic approach in the transdisciplinary education process is a requirement (Di
Giulio & Defila, 2017). Abson et al. (2017) have offered four systematic leverage points as
a practical (pragmatic) approach to tackle the complex sustainability challenges as param-
eters, feedbacks, design, and intent. Hence, the implementation of systematic leverage
points is essential in the transformation towards sustainable transdisciplinary education
(Fam et al., 2020). Although the systematic thinking concept has been sufficiently devel-
oped in the educational systems, which can help students obtain a holistic view of sustain-
ability, the pedagogical methods for developing the competencies to “get things done” and
collectively map and design the strategies for evolution towards transdisciplinary education
have not been adequately discussed, which enables the students to recognise and resolve
the conflicts between the sustainable and traditional values and goals (Remington-Doucette
et al., 2013, p. 410). Consequently, the application of pilot projects and case studies have
been suggested for this purpose as they enhance students’ interactions with actual problems
(Bimpitsos & Petridou, 2012; Hugill & Smith, 2013). The pilot transdisciplinary teach-
ing models can systematically support and develop the required competencies for transdis-
ciplinary learning, such as “building knowledge and understanding of the environment”,
“building connection and empathy with living things”, and “developing deeper understand-
ing” as equally suggested in Bloom’s taxonomy for the levels of learning as ‘“remember
& understand”, “apply & analyse”, and “evaluate & create” (Wallace, 2019, p. 313). In
addition, conceptual and pilot learning models can generate a common language for the
operationalisation and paradigm shift management of transdisciplinary education (Danish
et al., 2019; Wallace, 2019). Since paradigm shift management requires an “Agile” prob-
lem-solving environment (Reme et al., 2015), the application of maturity models for trans-
disciplinary education can also address this need (Wagner et al., 2014).

Following the sustainable development goals, the relationship between quality edu-
cation and sustainability can be reinforced by the transdisciplinary paradigm (Cervantes
et al., 2018). Therefore, transdisciplinary education can provide a worthwhile contribu-
tion to the social movement towards sustainability (McClam & Flores-Scott, 2012). For
example, entrepreneurship education as a transdisciplinary change agent can question the
siloed norms of universities and generate innovative solutions for further economic and
social sustainability, which requires education systems that develop innovative and intel-
lectual mindsets (Nandan & Scott, 2013). Consequently, the transdisciplinary educational
attitude needs to be ecologically literate and environmentally aware, and this can occur via
a focusing on the cooperative spirit of education and cognitive openness to shift the sys-
tematic thinking towards practice and address the complexity of transdisciplinary educa-
tion through an ongoing process of re-learning (Vargas-Madrazo, 2018). These transversal
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competencies, such as cooperation, creativity, and entrepreneurship skills, cross the bound-
ary of different disciplines and are necessary for the future development process of the
transdisciplinary curriculum (Eronen et al., 2019). Meanwhile, to inject the sense of crea-
tivity and innovation, the art discipline needs to be integrated with the other curricula, such
as science, technology, and engineering, which can significantly contribute to the realiza-
tion of transdisciplinary education (Biberhofer & Rammel, 2017). Hence, this incorpora-
tion with art can offer a new educational paradigm and raise awareness about sustainable
development’s social and environmental facets (Guyotte et al., 2014).

Consequently, the synthesis in this stage (Table 5) has identified the key scopes as peda-
gogy design and planning, socio-efficiency, philosophical, medical, doctoral studies, and
adolescent. Meanwhile, the alteration of contributions to the interdisciplinary or transdis-
ciplinary-based journals is relatively visible, and this is derived from the nature of sustain-
able development. Contrary to the previous section, the contribution of the medical and
adolescent domains have decreased; instead, pedagogical design and socio-efficiency have
received increasing attention as essential pillars of sustainable development.

3.3 Pragmatic Transdisciplinary Teaching Approaches: Implications for Future
Practice

As mentioned in the method section of this paper, triangulation is a crucial step for the
implementation of transdisciplinary research and education. However, the synthesis in
the previous section has shown the scattered and non-transparent efforts and instructions
regarding transdisciplinary education, e.g., the “zone of absolute transparency” (Vargas-
Madrazo, 2018, p. 19), or “certain practices in academic contexts were not transparent
or easily accessible” (Sdnchez-Martin & Seloni, 2019, p. 31). For instance, among the
selected articles, only one paper implicitly contributes to teaching through triangulation
methods, as “mix and phase forms of disciplinary training and exposure...quadrangula-
tion” (Kemp & Nurius, 2015, p. 138). Meanwhile, a few other studies have mentioned the
importance of triangulation from the “research” methodology point of view. Thus, due to
a lack of qualified contributions, we fulfilled a supplementary search string by “triangula-
tion” and “teaching” terms to base this crucial section. Two main categories of contribu-
tions are recognisable here: similarly, the majority of extracted papers (nine) have shown
the application of triangulation as a research method in the assessment of teaching sce-
narios; however, only four articles have implemented triangulation as a “teaching” method,
as follows.

The case study of Rennie et al. (2011) has implemented a theoretical triangulation prac-
tice in the classroom. The theoretical triangulation has been highlighted as a more rigor-
ous way towards an integrated teaching style. The authors have considered this method
as a lever to balance between the traditional disciplinary curriculum and the integrated
approach. The study explained that the application of different theoretical perspectives can
affect learning outcomes and “enables students’ knowledge to be represented as grounded
in their experiences, relationships, and contexts, and drawing from, but not bounded by the
constraints of, the traditional disciplines” (Rennie et al., 2011, p. 144). Thus, the study has
applied three different lenses: first, as an “integrated perspective” by following the theory
of “knowing-how-to-do” or “deep understating”, as it is contrary with the disciplinary-
based learning; second, a traditional “discipline-based perspective” by incorporation of
constructivism theory; third, a “sources-of-knowledge” lens by valuing the external sources
of the knowledge, such as stakeholders, to replicate a pragmatism scenario (pp. 148-152).
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Analysing Transdisciplinary Education: A Scoping Review

Table 5 Summary of the findings of the sustainable transdisciplinary teaching and education scopes

Scope A concise definition of the scope (includes but not limited to) Number
of find-
ings

Pedagogy design and planning (as mentioned in Table 3) 12

Socio-efficiency (as mentioned in Table 3) 4

Philosophy Models of knowledge; Complexity; Environmental awareness; 4

Long-life education; Epistemological awareness; Collabora-
tion

Medical (as mentioned in Table 3) 3

Doctoral studies Doctoral education; Practice-based doctorate; Curriculum 3

design

Adolescent (as mentioned in Table 3) 3

Others (art, energy, language) -
Total 33

Meanwhile, further investigations by application of other theoretical frameworks have been
recommended.

A similar study by Van Drie and Dekker (2013) has used three theoretical perspectives
to demonstrate and comprehend the complexity of interactions in the classroom. The study
argued that triangulation can facilitate the interactions of the teacher, the student, and the
teaching subjects and also seeks the relationship between the quality of lessons and appli-
cations of theoretical triangulation by the teacher. Therefore, their study has used three the-
oretical lenses in the classroom as improving the interactive discourse by the teacher taking
the constructivism approach of asking thought-provoking questions, facilitating and inter-
preting the questions, collaborating, and appreciating the contributors’ efforts; conceptual
development through the cognitivism and critical realism approaches; and collaborative
reasoning through argumentations, and application of meta-concepts (e.g., facts, causes,
and consequences). Likewise, Schul (2015) has demonstrated the application of pedagogy
triangulation. This case has integrated three different approaches to making the teaching
subject (history) more interesting for the students. The author, by using the term of tradi-
tion, has shown the application of three different theories as inquiry-based, reflectivity, and
traditional lecturing, and the author has noted the related weaknesses and strengths of each
one. Meanwhile, Gran et al. (2010) have noted the impact of triangulation in the assess-
ment and feedback tasks of teachers in the medical discipline.

4 Discussion and Future Research Avenues

The above scoping review revealed that the previous experiences and practices carried
out in transdisciplinary teaching are relatively varied and dispersed. Moreover, there is no
transparency about how case studies and pilot projects have been designed and fulfilled.
Generally, in the circumstances that the lack of transparency is a barrier in the development
of methodological processes (e.g., abductive design), the application of a common report-
ing guideline is suggested, for example, by describing the sequence, justifications for the
choice of approach, and limitations (O’Cathain et al., 2008).

@ Springer
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Likewise, as discussed in the previous section, a lack of attention to the triangulated
pedagogy was observed. However, awareness about the application of triangulation as
a “research” method for assessment in the teaching context is more recognisable (e.g.,
Drouin et al., 2015; Durif-Bruckert et al., 2015). The application of triangulation as
a “research” method is outside of the scope of this study; nevertheless, the following
studies have applied triangulation as a research method. Clark and Jasaw (2014) have
implemented data and method triangulation to check the reliability of assessment in
education by including students, staff, and stakeholders. Likewise, Schaap et al. (2011)
have utilised a multi-method triangulation, such as concept maps, interviews, and
reflection practices, to evaluate students’ competency development in vocational edu-
cation. Similarly, Varpio et al. (2017) conceptually elaborate different types or steps
of triangulations, such as data, investigator, method, lens, and philosophical; however,
their study is non-empirical and theory driven. Similarly, the works of Fotheringham,
2010, Ling et al., 2018, Park et al., 2016, and Scheffer et al., 2011 can be categorised
in the same way.

Furthermore, systematic and design thinking have been implemented as a pillar
in many of the conducted cases. Accordingly, applying maturity models as a change
medium can tackle the complexity of transdisciplinary education (Enkel et al., 2020;
Kekes & Mylonakou, 2006). Similarly, one of the key areas of discussions in transdis-
ciplinary education studies is mainly related to the co-creation and collaborative value
creation with stakeholders in an innovative environment. Despite the booming trends
in innovation studies that have addressed educational-related issues, the contribution
of open innovation as a megatrend in innovation studies to transdisciplinary teaching
has not been appropriately studied (Lucia et al., 2012). Open innovation as a govern-
ance mechanism can encourage and leverage the interactions of the internal and exter-
nal collaborations and can create further synergy between an educational organisation
and its stakeholders (West et al., 2014). Likewise, by offering the strategic element of
change management, the business model of open innovation can provide agility for the
paradigm shift management in transdisciplinary education (Chesbrough, 2006). The
maturity levels of open innovation (e.g., Chesbrough, 2006) merge the process of inno-
vation with stakeholders while also matching the corresponding triangulating steps
(Bechara & Van de Ven, 2011) and can be defined as follows:

(1) Differentiated (the lowest level), e.g., some scattered innovations are fulfilled in a
teaching institute by ad hoc activities; versus Data triangulation.

(2) Segmented, e.g., the innovation process is planned by a leader for a long-term horizon;
versus Investigator triangulation.

(3) Externally aware, e.g., the role of stakeholders is recognised with awareness about the
external innovations; versus Methodological triangulation.

(4) Integrated, e.g., internal and external innovations are integrated into the educational
roadmap and aligned with stakeholders; versus Theoretical triangulation.

(5) Platform player (the highest level), e.g., the teaching scenario and stakeholders are
interconnected, and as innovation is the main criterion, all academic units will support
this strategy; versus Philosophical triangulation.

Figure 2 presents a maturity model consisting of pillars of open innovation and tri-
angulation maturity as well as steps of systematic leverage points.
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Fig.2 Transdisciplinary teaching
maturity: consists of two pillars
of open innovation and triangula-
tion and steps of leverage points
in the systematic and design
thinking

Intent

Design

Feedbacks

Parameters

5 Conclusion

The present study aims to weave a network of the varied practices and contributions to
transdisciplinary teaching and education that have been fulfilled until now. The domi-
nated model in academia does not encourage the transdisciplinary approach. Therefore,
the current educational system can be illustrated as a one-way funnel that every student
should go through to reach a specific level of professionalism, which is considered a
barrier to the development of transdisciplinary education.

Real-life problems contain abundant ambiguities and uncertainties, necessitating a
learning and education process that connects different disciplines such as art, science,
technology, and engineering to yield problem-based and creative learning approaches.
However, the lack of solid guidance in the extant academic literature for implement-
ing pilot transdisciplinary experimenting is notable. Nonetheless, teachers can play an
essential role in this process, and the unique opportunity of transdisciplinary education
can be initially enhanced by reshaping teachers’ interpretations of pedagogy, or “how
teachers learn to teach”, considering the incorporation of science and society, explic-
itly (Johnson, 2019, p. 172). In a transdisciplinary team, members are not considered
as “jack(s) of all trades”, but rather should be able to “draw on the expertise of others”
(Cumming & Wong, 2012, p. 133).

Despite the rigour of the transdisciplinary approach, still, it would be the decision
of the educational institutes to choose a strategy that suits their contexts and benefits
best; by questioning the degree of integration and collaboration through these: what
are the nature of the problems that are going to be solved and what kind of solutions
or outcomes are expected, and the corresponding methods and available resources.
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Accordingly, fruitful transdisciplinary learning should be in interaction with the society
and stakeholders and involves the research in the societal background, encouraging the
integration process to shift the disciplinary paradigm.

Nonetheless, one of the limitations in this paper is due to the definitions of the previ-
ous works regarding the transdisciplinary and interdisciplinary terms. As discussed in
the Introduction section, some previous studies have interchangeably used the interdis-
ciplinary and transdisciplinary terms, though there is a clear difference between these
two. Furthermore, the maturity model that we have presented in this study is considered
as a prototype and an informal scaling, so further empirical testing is required. Accord-
ingly, full systematic reviews on different dimensions of the transdisciplinary education
scopes are suggested for future research.
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