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Introduction 


The fifth ERME Topic Conference for Mathematics Education in the Digital Age (MEDA), held in 
 September 2018 in Copenhagen was inspired by the contributions to the Thematic Working Groups 
 15 and 16 at CERME 10 in Dublin, which highlighted the diversity of current research and its overlaps 
 with other TWG themes. MEDA was an interdisciplinary, multifaceted collaboration that brought 
 together participants who would normally attend a range of CERME Thematic Working Groups to 
 provide  the  opportunity  for  further  in-depth  discussion  and  debate.  The  successful  conference 
 experience resulted in an intensive communication and collaboration, which continued through the 
 collegial  work  that  culminated  in  the  publication  of  a  post-conference  book  in  the  ERME  Series 
 published by Routledge. Moreover, inspired by the contributions to the Thematic Working Groups 
 15 and 16 in the last CERME 11 in Utrecht, the second conference, MEDA2, provides the opportunity 
 for further in-depth discussion and debate. In particular, MEDA2 is of interest to the following TWGs: 


TWG 18   Mathematics Teacher Education and Professional Development  
 TWG 22   Curricular Resources and Task Design in Mathematics Education 
 TWG 21   Assessment in Mathematics Education 


TWG17   Theoretical Perspectives and Approaches in Mathematics Education Research 
 The conference welcomed theoretical, methodological, empirical or developmental papers (8 pages) 
 and poster proposals (2 pages) in relation to the following themes: 


Theme 1:   Mathematics teacher education and professional development in the digital age 
 Theme 2:   Mathematics curriculum development and task design in the digital age 


Theme 3:   Assessment in mathematics education in the digital age 


Theme 4:   Theoretical  perspectives  and  methodologies/approaches  for  researching 
 mathematics education in the digital age 


Theme 1 - Mathematics teacher education and professional development in the digital age 


•  The specific knowledge, skills and attributes required for efficient/effective mathematics 
 teaching with digital resources, to include digital mathematics resources, which we define 
 as resources that afford or embed mathematical representations that teachers and learners 
 can interact with by acting on objects in mathematical ways. 


•  The    design    and    evaluation    of    mathematics    teacher    education    and    professional 
 development  programmes  that  embed  the  knowledge,  skills  and  attributes  to  teach 
 mathematics with digital resources. 


Theme 2 - Mathematics curriculum development and task design in the digital age 


•  The design of resources and tasks (e.g. task features, design principles and typologies for 
 e-textbooks); 


•  The evaluation and analysis of resources and tasks (e.g. determining quality criteriafor 
curricular material, resources and methods of analysis); 
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•  The  interactions  of  teachers  and  students  with  digital  curriculum  materials  (e.g. 


appropriation, amendment, re-design), both individually or collectively. This includes the 
 consideration  of  teacher  learning/professional  development  in  their  work  with  digital 
 resources. 


Theme 3 - Assessment in mathematics education in the digital age 


•  New possibilities of assessment (formative, summative, etc.) in mathematics education 
 brought by digital technology 


•  Use  of  digital  technology  to  support  students  to  gain  a  better  awareness  of  their  own 
 learning 


•  Assessment of learners’ mathematical activity in digital environment 


Theme  4  -  Theoretical  perspectives  and  methodologies/approaches  for  researching  mathematics 
 education in the digital age 


•  Theories for research on technology use in mathematics education (e.g. design theories, 
 prescriptive  theories,  theories  linking  research  and  practice,  theories  addressing  the 
 transfer of learning arrangements to other learning conditions etc.) 


•  The  linking  of  theoretical  and  methodological  approaches  and  the  identification  of 
 conditions for productive dialogue between theorists, within mathematics education and 
 beyond (e.g. developing collaborative research with educationalists, including teachers 
 and educational technologists). 


The conference particularly welcomed contributions linking some of these four themes at any level 
 of mathematics education: pre-school, primary, lower- and upper-secondary or tertiary. 


The Conference Proceedings of the 10th ERME Topic Conference MEDA 2020 are rich in the variety 
 of content-formats and are therefore structured in two parts. They include the contributions of the 
 plenary speakers and all the 67 reviewed and accepted submissions from participants, organised as 
 four chapters according to the aforementioned themes.  


Ana  Donevska-Todorova,  Eleonora  Faggiano, 
Jana Trgalova, Zsolt Lavicza, Robert Weinhandl, 
Alison Clark-Wilson, and Hans-Georg Weigand 
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Teaching practices in digital era: some theoretical and methodological  perspectives 


Mariam Haspekian 


Université de Paris, France, mariam.haspekian@u-paris.fr 


In the spirit of MEDA 2 whose objective is to interlink the CERMEs’ topic working 
 group  (TWG)  on  digital  technologies  with  other  TWG,  the  MEDA-2  conference 
 organizers wished a lecture on the theme of theories. The aim is to make the audience 
 think about theories and digital tools, while giving questions for the discussions. 


INTRODUCTION CHOICES AND REASONS 


The  topic  of  the  “theories”  especially  relates  to  the  Theme  4  of  the  conference: 


Theoretical  Perspectives  and  Methodologies/Approaches  to  Conduct  Research  in 
 Mathematics  Education  in  the  Digital  Age,  which  covers  two  issues: Theories  to 
 conduct research on using technology in mathematics education; Linking theoretical 
 and methodological approaches as well as identifying conditions to create productive 
 dialogue between theorists, as part of mathematics education and beyond”. The subject 
 is thus vast and requires making choices.  


Pointing the only context of digital age and restraining to theories still leads to a huge 
 body of issues, about which one only person can hardly be well-informed.  


Following up investigations on student learning, numerous research on teachers and 
 classroom practices have emerged, then considerably developed over time. Among this 
 teacher-oriented  research,  a  growing  body  focuses  on  issues  specifically  related  to 
 technologies. It is therefore interesting to stop now and take stock. 


Presented in Annex 1, a more detailed retrospective panorama, based on Drijvers et al. 


2010 historical overview, further enlightens the reasons of this choice. 


Hence, I propose here to limit the theory issue to research on teachers and mathematics 
 teaching practices in digital age (TPDA in the next [1]), with the question: what can a 
 focus on theory bring to research on TPDA? 


THEORIES, PERSPECTIVES, PHILOSOPHY  


The concepts in ME research are embedded in flourishing general or specific frames: 


Activity  theories  (Vygotski  1978,  Leontev  1984…),  Cultural-Historical  Activity 
 Theory  (Engeström  2001),  PCK  (Shulman  1986),  Balacheff’s  cKc  (1995), 
 Instrumental  Approach  (IA)  (for  a  recent  overview,  see  Artigue  2020  in  the  ICMI 
 Awardees MOOC AMOR [2]), Documentary Approach (Gueudet & Trouche 2009), 
 Pedagogical Technology Knowledge (Thomas and Hong 2005), TPACK (Mishra & 


Koehler 2006), Structuring Features of Classroom Practice framework (Ruthven 2007), 
Theory  of  Communities  of  practice  (Wenger  1998),  Framework  of  Teacher-
Curriculum  relationship  (Remillard  2005),  Theory  of  Semiotic  Mediation  (Bartolini 
Bussi & Mariotti 2008)… This non-exhaustive list seeks to show the diversity in topics, 
scales  and  dates.  Besides,  some  approaches  derive  from  others:  IA  is  based  on 
Chevallard’s  Anthropological  Theory  (2006)  and  on  that  of  Verillon  &  Rabardel 
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(1995) in psycho-ergonomics. This latter itself is partly based on Activity theories… 


We  could  continue  to  “climb”  back  over  these  frames  to  reach  main  perspectives 
 dealing  with  more  general  ideas  of  education,  learning,  cognition:  Lakoff  &  Nunes 
 (2000)  Embodied  mathematics,  Piaget’s  (1980)  constructivist  perspective  on  child 
 development,  socio-constructivist  theory  (Vygotski  1978),  Bloom’s  (1956) 
 psychological  taxonomy,  Skinner’s  (1953)  application  of  behaviorist  perspective… 


The step further reaches the underlying philosophical foundations on what knowledge 
 ultimately  is,  how  it  is  acquired,  transmitted,  with  for  instance  the  innate/acquired 
 debates... The dialectic materialism, a philosophical background of Radford’s (2019) 
 Theory of Objectivation or Bachelard’s (1938) concept of epistemological obstacle in 
 philosophy of science, used in Brousseau’s theory foundations, are two examples.  


The  level  that  interests  us  here  is  the  first  one:  what  issues  does  the  focus  on  this 
 different  theories  panorama  bring  up  for  research  on  TPDA? To  answer,  we  can 
 examine:  1.  the  theories  used  in  the  research  within  the  CERME  TWG  related  to 
 TPDA? 2. the papers dealing with TPDA within the TWG on theories (TWG17). 


LOOKING AT THE THEORIES IN THE TWGS RELATED TO TPDA 


From a methodological viewpoint, the idea would be to see which theories are jointly 
 used, how and why. Focussing for instance on the 2 last CERME (2017, 2019), we can 
 list the theories used in the TWGs related to TPDA i.e. TWG15 Teaching mathematics 
 with  resources  and  technology TWG18 Mathematics  teacher  education  and  PD, TWG19 
 Mathematics  teachers  and  classroom  practices,  and TWG20 Mathematics  teacher  knowledge, 
 beliefs, and identity, but also TWG16 Learning mathematics with technology and other resources, 
 and complete with papers that review CERMEs’ groups. The work is quite large. I have 
 carried it out in detail for TWG15, and in a more global view for the other TWGs 2017 
 and 2019. From this, raises first a landscape of theories that we can cluster following 
 the purpose for which the theory is invoked. Extending the categories mentioned in the 
 MEDA2  announcement,  we  thus  describe  the  clusters  that  we  have  obtained  by 
 distinguishing:  


Theories that are used for research on technology use in mathematics education: 


o theories to design, prescriptive theories (offering design directions, investigative strategies) 
 o  theories addressing the link research and practice  


o  theories addressing the transfer of research learning design to usual classroom conditions, or 
 more generally the transfer of learning arrangements to other learning conditions 


o  theories to understand, describe and model practices 


Theories  that  are  used  to  address  collaborative  dimension,  identify  conditions  for 
 productive dialogue between: 


o actors (e.g. developing collaborative research with educationalists, including teachers and 
 educational technologists) 


o  research fields (theorists within mathematics education and beyond).  


Beyond this classification, to advance in our question, it would be interesting to revisit 
these  theories  by  the  characteristics/dimensions  they  focus  on.  For  instance,  which 
theories  foreground  the  institutional  dimension  so  important  in  questions  of 
technological  integration?  The  next  section  presents  the  investigation  of  TWG  15-
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2017. The analyses lead to some reflections and questions for research on the TPDA. 


Analyses of the theories used in CERME 20017 TWG 15  


The  Table  1  synthesizes  my  review:  TWG15  included  26  contributions:  the 
 introduction of the group, 19 papers, 6 posters (mentioned below with the letter “P”). 


The numbers are those of the proceedings [3]. The panorama obtained shows we are 
 moving towards a more coherent, yet not unified, theoretical backdrop, with a limited 
 set of specific theories frequently used, sometimes completed by concepts or theories 
 less  frequent  in  the  field.  Have-we  fulfilled  the  request  made  in  the  CERME  4 
 technology group (Barzel et al., 2005, p. 929) for a more systematic approach “which 
 combines  various  theories  focusing  on  each  of  these  subsystems  (didactics, 
 instrumental approach, situated and distributed cognition, community of practice)”? 


Alone  With others 


TPACK (Koehler & 


Mishra, 2005) (based 
 on Shulman 1986 PCK) 


03 (with notion of “attitude”)  04 (+ Situated Abstraction, Noss & Hoyle 1996) 
 09 (+ Valsiner’s three zones (1997) 


I.A (Artigue, 2002, ; 
 Guin & Trouche, 2002, 


Lagrange, 2002…) 
 (based on ATD and 
 cognitive ergonomics 


Rabardel 2002) 


13  01 (+ Double Approach, (Robert & Rogalski, 2005) 
 19 (+MTD (Meta Didactical Transposition) Arzarello et 
 al. 2014 + Connectivism, Siemens 2004; Downes 2012) 
 21P (+ ATD) 


Documentational 
 Approach (Gueudet, 
 Trouche, 2009) (based 


on I.A.) 


25P  10 (+ Teaching Triad, Jaworski, 1994) 
 13 (+Social Creativity, Boundary Crossing) 


26  (+  MTD  (Arzarello  et  al.,  2014)+communities  of 
 practice, Wenger, 1998) 


Structuring Features of 
 Classroom Practice 


(Ruthven, 2009) 


06 22P 


ATD (Chevallard, 1985)  24P 02 (extended with in/ outsourcing) 
 18 (with references to didactics of 
 algebra) 


Others  07 ACOT steps (Dwyer et al., 1994) 
 11 20P  teachers’  professionalism 
 (Dale 2003) and models for action 
 research (Asiale et al., 1996, Borba 


& Skovsmose, 2004) 


23P  references  to  programs 
 dealing  with  automatic  theorem 
 proving (geometry) 


05 various references to analyze tasks 


08  several  references  to  barriers  of  teachers’ 


technology integration (+ TPACK to design PD not to 
 analyse) 


12  (Half-baked  microworlds,  Kynigos  2007)  +  Social 
 Creativity and Communities of Interest (Fischer 2005; 


2014)  


14 (assessment) 


16 (flipped classroom, Abeysekera and Dawson, 2015)  
 17 Semiotic representations (Duval, Janvier), semiotic 
 bundle (Arzarello and Robutti, 2004) 


Table 1. theories in the TWG 15 of CERME 2017 [4] 


The last line “Others” reveals there is still a certain fragmentation. This is reinforced 
 by the other lines if we look them more finely, not only quantitatively (how much are 
 used?) but qualitatively: how/ why are they used? This second stage overview (Table 
 2) shows that theories are at times used as they are, or extended, or still associated. 


Besides, they are used for objectives of different nature. The landscape then seems to 
go  all  directions,  even  more  if  we  add  to  this  overview  the  reflexions  cited  in  the 
introductive paper of the group (Clark-Wilson et al. 2017). The issues discussed among 
the members overflow, raising a huge variety of topics, from the acknowledgement on 
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the need of multi-perspectives understanding, to the attention on digital assessment in 
 mathematics.  Certainly,  among  the  various  topics  addressed,  that  of  the  technology 
 integration comes more frequently. Yet, this latter is dealt so differently according to 
 researchers that it still not represents a point of regularity. The nature of theories used, 
 the ways they are, and the reasons why are different. 


The TPACK (Koehler & Mishra 2005) frame is used for analyzing large-scale professional development (PD), 
 but also for designing PD courses, not for analyzing data. Thus, the same theory has somewhat a different 
 status there, it is a support for the design of the experiment. 


We observe that it is also combined with the frame of Valsiner’s three zones (Valsiner, 1997) to investigate 
 how a tool (GeoGebra) is introduced in various mathematics tasks. 


The Instrumental Approach (Artigue 2002; Guin & Trouche 2002) is used along with the Documentational 
 Approach (Gueudet et al., 2012) to describe the teachers’ collective processes in the use of a platform to 
 plan their lessons. 


Another paper also uses this IA and DA combination but adds a third frame: the Teaching triad (Jaworski, 
 1994), for the collection and analysis of data on teachers’ considerations when implementing tasks in 
 mathematics lessons. 


ATD (Chevallard 1985) is used to value if the technological tool is applied in a way that is consistent with an 
 epistemological analysis of the topics.  


In  another  paper,  it  is  used  with  the  suggested  addition  of  the  concepts  of out/in-sourcing,  used  as 
 metaphors  within  the  dialectics  of  tool  and  content  in  the  planning  of  teaching,  to  support  teachers’ 


reflection on crucial choices between instrumented and non-instrumented praxeologies when planning 
 their use of technology in mathematics lessons. 


Some researchers extend the Structuring Features of Classroom Practice framework (Ruthven, 2009), with 
 the addition of a new (sixth) structuring feature to capture teachers’ knowledge related to their students’ 


attitudes and behaviors with technology. Other use it as it is, to analyze teachers’ rationales for technology 
 integration in the mathematics classroom. 


To analyze the integration of technology in teachers’ practices, others call upon the Ergonomic theoretical 
 approach (Robert & Rogalski, 2005). 


Table 2. A qualitative overview of the theory use in the TWG 15 of CERME 2017 
 What reflections and questions does this work bring for future research on TPDA? To 
 answer, this only opening work should be followed by a similar review of the other 
 CERMEs’ groups related to TPDA: 16, 18, 19 and 20. This was beyond the scope of 
 the request, yet, the study of the TWG15 already raises some reflections and questions. 


Below, I present them, taking a perspective broader than CERME. 


Some reflections and questions from this review of the technology group 


From the reviewing work described above, we draw several reflections and questions: 


that  we  grouped  under  3  topics: 1.  The  importance  of  the  “Networking  issue”,  that 
 offers the possibility for researchers to share theoretical constructs. 2. The question of 


“Societal dynamics”, that relates to the future innovations (new tools, new interaction 
 forms, new types of resources, artificial intelligence, big data…) but more of all, to the 
 constant moving character of our society, and to the fastness of these moves; and 3. 


The issue of the “Theory-practices links”, that addresses some challenges and questions 
 raised  by  the  field  of  the  PD.  Due  to  the  space  constraints,  these  3  topics  and  the 
 questions raised are detailed in the Annex 2. 


Some methodological perspectives to continue 


To answer the question what can a theory focus bring to TPDA?, the study initiated 
above  could  be  furthered  for  a  better  view  of  the  state  of  the  art,  by  a  similar 
methodology applied to the study of the TWG related to TPDA (15 to 20) of the two 
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(or more) last CERME, then by extending it to a more systematic literature review. 


This can be based on the following questions: What do the theories chosen for this 
 theme tell us about this theme? What do the very choices of theories, the theoretical 
 constructions themselves tell us about this theme? Three axes could be questioned: 1. 


On a epistemological but also cultural axis: why these theories? what models are made 
 of  teaching/  (ou  pedagogical?)  practices?  what  aspects  are  explored?  How  is 
 considered the specificity of the "digital" context? 2. On a dynamic or "developmental" 


axis of the theories: how do they evolve? On which dimensions are they enriched and 
 on which dimensions do they encounter obstacles? Which constructs are forsaken and 
 why? 3. On a "networking of theories" axis: how do these theoretical frames articulate, 
 complete or oppose, contrast each other? 


LOOKING  AT  RESEARCH  ON  TPDA  THROUGH  THE  LENSE  OF  THE 
 THEORIES AND THEIR NETWORKING 


What  are  combinations,  filiations,  complementarity  or  on  the  contrary  oppositions 
 between the theories seen above? The need of networking theories emerged at CERME 
 4  in  2005  and  was  explored  in  TWG17  of  the  ensuing  CERME  conferences.  The 
 questions that multiplicity of theories arises, addressed in the "networking" field, apply 
 well to the TPDA theme here: why so multiple theoretical developments? Is it due to 
 communication  strains  among  various  native  languages?  (see  Bikner-Ahsbahs  & 


Prediger 2014 or the TWG17 also showing examples of the vocabulary barrier [5]), or 
 cultural  aspects?  (the  various  educational  cultures  within  countries  may  explain 
 theoretical  fragmentation  and  be  an  obstacle  to  connections  (Kynigos  &  Psycharis 
 2009); the cultural obstacles may hinder 2 types of transfer, from foreign cultures and 
 towards different educational contexts (Bikner-Ahsbahs et al. 2017 [6])). 


The TPDA theme addresses two networking “sets”: among theories directly focused 
 on TPDA, and between general studies on teaching and those more specific to teaching 
 with  technologies.  Despite  the  language  and  cultural  difficulties,  many  researchers 
 have networked, cross-analysed theories within these two sets. Relevant papers can be 
 found  in  TWG17  group  [7]  but  not  only.  A  broad  literature  review  is  therefore 
 interesting. 


A review of networking theories papers related to TPDA 


In  2010,  Drijvers  et  al.  provide  a  state  of  the  art  of  the  theories  that  significatively 
 address  the  technological  integration  in  teaching  practices.  Through  this  historical 
 overview,  they  claim  for  “integrative  theoretical  frameworks  that  allow  for  the 
 articulation  of  different  theoretical  perspectives.”  (Drijvers  at  al.,  2010).  Ten  years 
 later the work is still going on, even if several hybridizations have clearly developed 
 over time, with a greater or lesser influence from one field to another, according to the 
 authors.  Today,  numerous  ME  papers  technology-centred  put  different  theories  or 
 constructs in perspective, to compare, contrast or look for filiations between them.  


Some  deal  with  more  than  2  theories:  Ruthven  (2014)  explores  commonalities, 
 complementarities,  and  contrasts  between  TPACK  (Koehler  and  Mishra  2009); 


Instrumental  Orchestration  (Trouche  2005);  and  Structuring  Features  of  Classroom 
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Practice  (Ruthven  2009).  Drijvers  (2011)  find  share  points  between  the  Realistic 
 Mathematics Education view, the IA and the Embodied cognition. Instead of looking 
 for unification, some researchers contribute to developing strategies to cope with the 
 theoretical diversity. This is the case of Maracci et al. (2013), who cross-analyse the 
 Theory of Didactical Situations and the Theory of Semiotic Mediation. Networking 
 activity provides not only theoretical results but also concrete applications. An example 
 is  the  Tabach  &  Trgalová’s  research.  They  first  achieve  (2017,  2018)  relevant 
 connections  between  IA  and  TPACK  through  the  theoretical  construct  of  double 
 instrumental genesis (Haspekian 2011). In 2019, they add to the previous connections 
 a more general discussion, comparing and contrasting with the Thomas and Hong’s 
 PTK(2005). Then, using the Mathematics Knowledge for Teaching framework (Ball et 
 al., 2008), they gain insight in the research field of the PD (Fig.1) by defining several 
 concrete PD stages, where personal instrumental genesis precedes professional genesis. 


Sacristan’s introductive chapter in the same book (2019) discusses this position asking 
 for more flexible implementation of PD programs. Thus, opening discussions in the 
 ME research community, Tabach and Trgalova progress both at theoretical level and 
 in the results of research (better understanding and defining the specific knowledge to 
 be developed at each stage). 


Fig 1. (MDKT) framework (Tabach & Trgalovà, 2019, p. 201) 


Much more has been done. In order to derive new perspectives from this focus, we 
 could  further  the  list,  and  characterize  more  finely  each  of  these  networking  cases, 
 which are not of the same nature regarding the networking degrees (Bikner-Ahsbahs 


& Prediger 2008). Due to space restriction, I limit myself to these examples and present 
 below some methodological perspectives to further the networking dialogue. 


Methodological proposal to advance TPDA networking: cross-domain research? 


Trgalova et al. (2018) report a discussion on how to organize the technology group in 
next  CERMEs.  Since  CERME9,  the  thematic  is  split  in  two  groups,  respectively 
foregrounding teachers and students issues, which does not afford space for research 
addressing both. They note that another division, such as educational phase, still does 
not satisfy. It look like any fixed topic division would not meet the need of overlapping 
areas.  Yet,  “trans-TWG”  sessions  devoted  to  specific  mutualized  work  on  multi-
perspective  issues  are  needed.  For  example,  “the  topic  of  teaching  practices  with 



(23)Proceedings of the 10th ERME Topic Conference MEDA 2020 - ISBN 978-3-9504630-5-7  9 


technology raises the “need [for teachers] to develop new knowledge to design relevant 
 technology-enhanced tasks” (Tabach & Trgalova 2019). This competency addresses 
 the PD. Researchers in this field (Hegedus et al. 2017) point a disappointment of the 
 PD outcomes, explained by discrepancies between teachers’ needs and PD program 
 (Emprin,  2010).  But  reducing  this  discrepancy  needs  to  better  grasp  both standard 
 practices and perturbances caused by the technology. This multi-perspective raised the 
 issue  of  “ICT  competency  standards”  (Tabach  &  Trgalova  2019)  to  make  PD  and 
 teacher educators more efficient. Referring to Trgalova et al. (2018) tetrahedron, there 
 is a dialogue between 3 “faces” here: (teacher–technology–maths); (PD–technology–


maths) and (teacher–PD–maths). Making these 3 areas dialogue appeals then to the 
 whole tetrahedron, which is thus no more operational to describe the situation if a new 
 summit  is  needed  in  the  dialogue  (for  instance  the  “theory”  issue  dealing  with  this 
 whole).  In  this  example,  the  “knowledge”  summit  is  mathematics  for  all,  so  not  an 
 actual dimension to play on (it would be such in studies dealing with added domains 
 as in Lagrange & Laval 2019). Taking it as an common element already present frees 
 a  summit  making  the  tetrahedron  operational  for  new  organizations:  I  thus  suggest 
 creating discussion times addressing a face of the new tetrahedron formed by a new 
 foregrounded topic (Fig.2). This could be “Theory”, “Representation”, “A given device 
 as Scratch”… Unlike in the initial tetrahedron, it’s not fixed but has to be flexible for 
 organizing “turning” mutual session times. It could be defined not upstream but after 
 the submissions, according to the needs emerging from these. For example, choosing 


“Learners”  we  can  benefit  from  de  Freitas  et  al.  (2019)  work.  They  used  cognitive 
 psychology theories in ME to renew the role of affect at a collective level on students’ 


side.  This  can  be  explored  on  teacher  side,  where  affect,  sympathy,  play  as  well 
 important roles not only at an individual scale (many research already explored it with 
 the  role  of  affect,  beliefs  on  ICT  integration)  but  on  a  cooperative  scale.  There,  a 
 dialogue with Sensevy’s (2012) Joint Action theory could be used, teaching/learning 
 being a joint activity (also in Radford 2019). 


Fig 2. New forms of organisations for researchers’ dialog 


I did not elaborated further these reflections in concrete organization but the idea of 


“time modalities” with turning sessions may help organize dialogue in order to advance 
 research on technology-enhanced teaching and learning, by adding another lever on 
 which to play, so that. The idea is to network topics (and find methodologies for that) 
 in addition to network theories on a given topic. 


Trgalova, Clark-Wilson and Heigand (2018) tetrahedron 


technology, resource 


teacher  learner  technology, resource 


teacher  learn


er 
Another topic foregrounded 
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CONCLUSION 


We made a journey among the theories in ME with a particular concern on teaching 
 practices in digital age, with the broad question: what a focus on theory can bring to 
 TPDA research? More specially, can the specific prism of theories on TPDA advance 
 research results on this theme? (in general, can studying theories on a topic advance 
 the research results on that very topic?) We proceeded along two directions. In the first 
 one, we examined the theories in the CERME TWG related to TPDA. In the second, 
 we examined research on TPDA through the lens of theories and networking, within 
 and  beyond  the  TWG17.  Some  reflections,  emergent  research  issues  and  questions 
 resulted.  For  example,  the  research  of  Tabach  &  Trgalova  (2018,  2019)  described 
 above illustrated a networking case that brings both theoretical and “action” research 
 results. Yet, my journey in both parts has only been initiated and would benefit of being 
 furthered.  For  both  perspectives  I  made  methodological  suggestions  to  continue  the 
 work. The qualitative state of the art could be combined with quantitative ones as the 
 new  Drijvers  et  al  (2020)’s  methodology  mentioned  above,  which  advanced  on  a 
 theoretical concept using a bibliometric study. Yet, a more systematic literature review 
 can help but would not be sufficient. The second part above explored the networking 
 dimension, which is crucial for advancing on TPDA. To further it, it is necessary to 
 find ways for researchers to dialogue.  


Regarding this journey, to advance research on TPDA seems urgent as for the “constant 
 technological  ﬂux  [which]  makes  it  difﬁcult  to  develop  proper  teacher  training 
 programs.” (Sacristan 2019, p. 173). Gaining robust theoretical frames and tool that 
 resist this flux is needed. Networking may undoubtedly help and the TPDA research 
 field is fairly mature for this! 


NOTES 


1. Note that theories can hardly be disconnected from methodologies as the teacher issue can hardly 
 be disconnected from learners' one. Operating a focus only puts one element on the scene front. On 
 this topic, TWG17(2019) provides an interesting emphasis on the theories/methodologies interplay. 


2. Awardees Multimedia Online Resources Project 


3. https://hal.archives-ouvertes.fr/CERME10-TWG15/ (the n°15 being the introduction of the group) 
 4. The distinction “Alone/With others” is not strict but only a subjective appreciation: all the papers 
 mention more than one theoretical reference, but these are more or less used by the authors. 


5. French milieu, German Grundvorstellung have no English translation (Bikner-Ahsbahs et al 2017) 
 6. “theoretical tools (…) borrowed from other fields must either be adapted to mathematics education 
 (…) or complemented with content-related theoretical tools” (Bikner-Ahsbahs et al. 2017) 


7. Two recent CERME examples: Kuzniak et al. (2017), who illustrate the plasticity of their model 
 by connecting it to several theories, Lagrange & Laval (2019), with working spaces in algorithmics. 
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In this paper I will reflect on the experience of TWG21: Assessment in Mathematics 
 Education at CERME10 and CERME11, with focus on contributions linked to the use 
 of digital technologies. I will then compare research concerning Computer Assessment 
 Systems  (CAS)  at  university  level  to  the  research  in  the  general  literature  on 
 assessment  to  find  common  themes,  omissions  and  themes  that  are  germane  to  the 
 digital nature of this assessment method and to the mathematics. I conclude with some 
 suggestions for future research as they apply to CAS in university mathematics, but 
 that are relevant to assessment of mathematics in the digital age.  


Keywords: computer assessment systems, university mathematics, assessment validity, 
 formative and summative assessment.  


INTRODUCTION 


It  is  impossible  to  overestimate  the  impact  that  digital  technologies  have  had  and 
continue to have on the assessment of mathematics. A quick search on Google Scholar 
for  the  terms  ‘assessment  mathematics  digital  technology’  yields  in  excess  of  94 
thousand results since 2016, with entries concerning the assessment of mathematics at 
any level of instruction (from kindergarten to university and beyond), the potential of 
digital technologies for formative and summative assessment, the investigation of what 
can and cannot be assessed by digital technologies, and much more. In this paper I will 
first  summarise  the  CERME  experience  of  TWG21:  Assessment  in  Mathematics 
Education  to  illustrate  the  breadth  of  this  topic  and  some  of  the  direction  that  the 
research has taken. I will then briefly discuss what are the main areas of research in 
assessment and I will map those onto the case study of the use of Computer Assessment 
Systems (CAS [1]) for mathematics at university. I will then show where this CAS 
research  aligns  with  general  assessment  research,  what  is  omitted  and  what  are 
examples of research questions that are germane to the mathematics and to the use of 
technology. I start from the position that research on assessment in higher education is 
a rich field of enquiry and that mathematics education assessment research needs to 
confront its thematic against the thematic of this larger body of research, highlighting 
how findings transfer to the specific case of mathematics. I will conclude with some 
reflection  of  the  role  of  digital  assessment  in  the  teaching  and  learning  cycle  of 
mathematics and what could be important areas for future research. 
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THE CERME EXPERIENCE 


(Summative)  assessment  of  mathematics  at  university  level  is  one  of  my  research 
 interests and I was surprised to realise that there had not been a TWG on assessment 
 for  many  years  at  CERME,  despite  assessment  being  a  very  important  part  of 
 mathematics  teaching  and  learning  at  any  stage.  Therefore  in  2017,  together  with 
 Michal Ayalon (Israel), Jeremy Hodgen (UK) and Michiel Veldhuis (Nederlands), I 
 started  TWG21  at  CERME10.  The  group  has  now  met  twice  and  has  received  42 
 submissions altogether, of which 14 concern assessment involving digital technology. 


These 14 papers clearly demonstrated the variety of research  on digital assessment. 


Some  papers  discuss  new  assessment  methods  which  just  would  not  be  available 
 without the aid of technology such as comparative judgment (Davies, 2017), or the 
 creation of a complex formative assessment tool in a blended modality for university 
 mathematics (Barana & Marchisio, 2019; Cusi & Telloni, 2019). Other investigate the 
 implications of transferring a task from pen and paper to a computer assessment system 
 (Lemmo & Mariotti, 2017); report on the use of digital assessment to facilitate self-
 assessment (Hasa, Rämö & Virtanen, 2019); or disseminate findings of large projects 
 investigating  the  design  of  digital  activities  that  provide  rich  feedback  to  school 
 students (Cusi, Morselli & Sabena, 2017a, 2017b). Some of the papers discuss the types 
 of mathematical reasoning that CAS can test (Sangwin, 2019) and how CAS can be an 
 effective tool for providing students with rich feedback (Beck, 2017). Finally, a good 
 number of papers address the affordability that a large database of students’ answer 
 created through computer assessment systems can offer to researchers (Garuti et al. 


2017;  Ferretti  &  Gambini,  2017;  Garuti  &  Martignone,  2019;  Lasorsa  et  al.,  2019; 


Bolondi et al., 2019) allowing them, for example,  to classify students’ difficulties with 
 basic  concepts  like  operations  between  exponentials.  This  variety  of  submission 
 reflects  only  a  fraction  of  the  variety  of  research  strands  related  to  assessment  of 
 mathematics  in  the  digital  age.  This  research  cannot  however  be  carried  out  in  a 
 vacuum and needs to relate to the general research on assessment in education.   


THEMES IN ASSESSMENT  


If I were to name the four most important areas of research related to assessment these 
 would be reliability, validity, feedback and fairness. In a naïve way reliability concerns 
 the outcomes of assessment in terms of grading. An assessment is highly reliable if two 
 distinct markers of the same paper return the same (or very close) results by using the 
 same assessment scheme. Validity has recently developed into a complex concept and 
 encompasses various aspects of the impact that assessment has on the teaching/learning 
 cycle.  Validity  at  a  basic  level  concerns  what  is  assessed  and  the  aims  of  the 
 assessment. An assessment method is valid if it assesses what it was supposed to assess. 


A mathematics exam in French administered to English students would not be a valid 
assessment of mathematics as it would also (and possibly mostly) be an assessment of 
the French language knowledge that the students have. A more realistic example is that 
of an assessment which asks pupils to reproduce seen computational techniques. This 
would probably not be a valid assessment of conceptual understanding (although it may 
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be a valid assessment of procedural fluency). Messik (1995) breaks up the concept of 
 validity into four dimensions: construct validity (the theoretical basis of the construct 
 being  assessed),  criterion  validity  (the  relation  of  that  assessment  item  to  other 
 assessment measures), content validity (expert judgment on the content matching the 
 construct  subject  of  the  assessment)  and  consequential  validity  (the  impact  that  the 
 assessment has on the participants to the teaching/learning cycle). The latter aspect of 
 validity has been one focus of my recent research on assessment and its importance is 
 highlighted  by  the  work  by  Entwistle  and  Entwistle  (1991).  These  authors  describe 
 how assessment is amongst the main factors that impact on students’ approaches to 
 learning, as the students’ perceptions of what the assessment requires to be successful 
 influence strongly the way in which they engage with the subject and the teaching of 
 that  subject.  I  have  added feedback  separately  to  my  list  as  this  is  a  much-debated 
 aspect  of  assessment  and  feedback  implementations,  timing  and  effects  are  much 
 studied in the education community. Finally, fairness deals with issues of inclusion and 
 equity across the implementation of the assessment (e.g. are there any participants to 
 the assessment who are excluded from it? Is the assessment fair across the body of 
 students to whom it is relevant?). I will discuss below how existing research on CAS 
 at university level (which I choose as a rather narrow case study part of the large body 
 of research on assessment in the digital age) maps onto these aspects of assessment 
 research. 


CAS AND UNIVERSITY MATHEMATICS  


CAS has become very popular in university mathematics assessment, at least in the 
 UK.  One  reason  is  that  mathematicians  find  very  welcome  the  time  saving  coming 
 from the electronic marking that these systems afford, but other advantages of these 
 systems  are  also  becoming  clear.  Before  describing  the  match  between  research  on 
 CAS  and  the  general  assessment  research  it  is  important  to  note  that    reliability  of 
 assessment, which is of great importance when discussing human-marked work, it is 
 far  less  important  when  discussing  CAS  systems  as  the  marking  process,  once  the 
 marking grid has been established by those who have designed the assessment, will be 
 automated.  This  is  a  big  advantage  that  CASs  provide  both  to  the  markers,  and  to 
 researchers.  


As an interesting exercise for this paper I have reviewed the literature on CAS, and I 
 have grouped the papers found in some broad themes. I have mention one paper next 
 top each theme as a representative, but the body of literature in most of the themes is 
 extensive. The themes are:  


1. What mathematical competencies can be assessed by  CAS, including papers that 
 addresses specific topics such as linear algebra (e.g. Sangwin, 2019); 


2. Lecturers’ perspective of the use of CAS (e.g. Marshal et al., 2012); 


3. Students’ perspective of the use of CAS (e.g. Rønning, 2017); 
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