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Abstract

The formal  definition  of limit  is one mathematical idea that gives difficulties to most students. Therefore, it is necessary to

provide engaging activity in  order to construct the students' understanding about the definition . This study aims to shed light on

designing activities with dynamic  geometry  software to facilitate the students in  discovering  the formal  definition  of limit .

Forty-eight students participated in  the study. Both quantitative and qualitative data were collected from the students' responses 

in  and attitudes toward the activities. The students' responses were gathered directly by using the dynamic  geometry  software

whereas an online questionnaire was used to collect the students' attitudes. The results of the study then presented in  this paper.

Further, a set of suggestions in  designing and implementing dynamic  geometry  environments  to foster students'

understanding about formal  definition  of limit  was also proposed. © 2019 Published under licence by IOP Publishing Ltd.

Indexed keywords

SciVal Topics

Metrics

References (24)

Freudenthal, H. 
Should a mathematics teacher know something about the history of mathematics? 
(1981) Learn. Math., 2, pp. 30-33.  . 

 

Sierpińska, A. 

(1987) Educational Studies in Mathematics, 18 (4), pp. 371-397.  . 
doi: 10.1007/BF00240986 

 ▻View in search results format

     All CSV export   Print  E-mail  Save to PDF Create bibliography

1

Cited 17 times

2

Humanities students and epistemological obstacles related to limits

Cited 114 times

View at Publisher

Cited by 0 documents

Inform me when this document is cited in
Scopus:

Related documents

(2015) International Journal of
Mathematical Education in Science and
Technology

, 
(2013) Journal of Mathematical Behavior

,  , 

(2014) International Journal of
Mathematical Education in Science and
Technology

 

Find more related documents in Scopus
based on:

Set citation alert ▻

Calculus limits involving infinity: the role of
students’ informal dynamic reasoning

Jones, S.R.

Students' understanding of limiting
behavior at a point for functions from R  to
R

2

 Mamona-Downs, J.K. Megalou, F.J.

Using dynamic tools to develop an
understanding of the fundamental ideas of
calculus

 Verzosa, D. Guzon, A.F. De las peñas,
M.L.A.N.

View all related documents based on
references

 ▻Authors  ▻Keywords

Brought to you by IPB University

https://www.scopus.com/sourceid/130053
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&offset=2&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85064415515&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&relpos=0
https://service.elsevier.com/app/answers/detail/a_id/12031/supporthub/scopus/
mailto:yosepdwikristanto@usd.ac.id
javascript:;
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=d06495b90d9a3b22e77dad01632aa1b2&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85064391385%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85064391385
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-34548810079&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-0000935350&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-0000935350&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fBF00240986&locationID=3&categoryID=4&eid=2-s2.0-0000935350&issn=00131954&linkType=ViewAtPublisher&year=1987&origin=reflist&dig=5b580bb326fe6c0933803a7b9bec2e10
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84918777248&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201049560&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84869191026&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=10338785200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55485814900&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84892977586&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55322396900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56015852800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6506022503&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85064391385&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85064391385&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85064391385&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic


Szydlik, J.E. 

(2000) Journal for Research in Mathematics Education, 31 (3), pp. 258-276.  . 
 

doi: 10.2307/749807 

Larson, R., Edwards, B. 
(2014) Calculus.  . 
10 (Boston: Brooks/Cole) 

 

Stewart, J. 
(2016) Calculus.  . 
8 (Boston: Cengage Learning) 

 

Rogawski, J. 
(2012) Calculus.  . 
2 (New York: W. H. Freeman and Company) 

 

Thomas, G.B., Finney, R.L., Weir, M.D., Giordano, F.R. 
(2003) Thomas' Calculus.  . 
(Reading: Addison-Wesley) 

 

Varberg, D., Purcell, E., Rigdon, S. 
(2006) Calculus.  . 
9 (Pearson) 

 

Swinyard, C. 

(2011) Journal of Mathematical Behavior, 30 (2), pp. 93-114.  . 
doi: 10.1016/j.jmathb.2011.01.001 

Cottrill, J., Dubinsky, E., Nichols, D., Schwingendorf, K., Thomas, K., Vidakovic, D. 

(1996) Journal of Mathematical Behavior, 15 (2), pp. 167-192.  . 
doi: 10.1016/S0732-3123(96)90015-2 

Zandieh, M., Rasmussen, C. 

(2010) Journal of Mathematical Behavior, 29 (2), pp. 57-75.  . 
doi: 10.1016/j.jmathb.2010.01.001 

Fernández, E. 

(2004) PRIMUS, 14 (1), pp. 43-54.  . 
doi: 10.1080/10511970408984076 

Ng, O.-L., Sinclair, N. 

(2015) ZDM Mathematics Education, 47 (3), pp. 421-434.  . 
 

doi: 10.1007/s11858-014-0660-5 

Oner, D. 

 (Open Access)

(2016) International Journal of Computer-Supported Collaborative Learning, 11 (1), pp. 59-88. 
. 

 
doi: 10.1007/s11412-016-9227-5 

3

Mathematical beliefs and conceptual understanding of the limit of a function

Cited 59 times
http://www.nctm.org/publications/archive.aspx?jrnl=jrme

View at Publisher

4
Cited 16 times

5
Cited 25 times

6
Cited 7 times

7
Cited 199 times

8
Cited 66 times

9

Reinventing the formal definition of limit: The case of Amy and Mike

Cited 33 times

View at Publisher

10

Understanding the limit concept: Beginning with a coordinated process scheme

Cited 159 times

View at Publisher

11

Defining as a mathematical activity: A framework for characterizing progress
from informal to more formal ways of reasoning

Cited 63 times

View at Publisher

12

The students' take on the epsilon-delta definition of a limit

Cited 14 times

View at Publisher

13

Young children reasoning about symmetry in a dynamic geometry environment

Cited 25 times
http://link.springer.com/journal/volumesAndIssues/11858

View at Publisher

14

Tracing the change in discourse in a collaborative dynamic geometry
environment: From visual to more mathematical

Cited
8 times
http://www.springerlink.com/content/1556-1607/

View at Publisher

https://www.scopus.com/record/display.uri?eid=2-s2.0-23044518360&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-23044518360&src=s&origin=reflist&refstat=core
http://www.nctm.org/publications/archive.aspx?jrnl=jrme
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.2307%2f749807&locationID=3&categoryID=4&eid=2-s2.0-23044518360&issn=00218251&linkType=ViewAtPublisher&year=2000&origin=reflist&dig=996472999cc0b657171f5ff8e49d2b40
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84949133248&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-85016288875&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84951751337&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-0004277956&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-51349131647&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-79954701321&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-79954701321&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.jmathb.2011.01.001&locationID=3&categoryID=4&eid=2-s2.0-79954701321&issn=07323123&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=17ce53c2ed740b21703209611693a00c
https://www.scopus.com/record/display.uri?eid=2-s2.0-0343046137&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-0343046137&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fS0732-3123%2896%2990015-2&locationID=3&categoryID=4&eid=2-s2.0-0343046137&issn=07323123&linkType=ViewAtPublisher&year=1996&origin=reflist&dig=164c65864cfc99d609c216a78cee6eb5
https://www.scopus.com/record/display.uri?eid=2-s2.0-77953914099&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-77953914099&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.jmathb.2010.01.001&locationID=3&categoryID=4&eid=2-s2.0-77953914099&issn=07323123&linkType=ViewAtPublisher&year=2010&origin=reflist&dig=7f93a4cef5555014e4b6246502e39eb8
https://www.scopus.com/record/display.uri?eid=2-s2.0-73949089463&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-73949089463&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1080%2f10511970408984076&locationID=3&categoryID=4&eid=2-s2.0-73949089463&issn=19354053&linkType=ViewAtPublisher&year=2004&origin=reflist&dig=720b95040f7dee6a78036bf75cb85e4c
https://www.scopus.com/record/display.uri?eid=2-s2.0-84939650589&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84939650589&src=s&origin=reflist&refstat=core
http://link.springer.com/journal/volumesAndIssues/11858
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11858-014-0660-5&locationID=3&categoryID=4&eid=2-s2.0-84939650589&issn=18639704&linkType=ViewAtPublisher&year=2015&origin=reflist&dig=d2e0c052cdb0760e73267b0e49993bbc
https://www.scopus.com/record/display.uri?eid=2-s2.0-84959165762&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84959165762&src=s&origin=reflist&refstat=core
http://www.springerlink.com/content/1556-1607/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11412-016-9227-5&locationID=3&categoryID=4&eid=2-s2.0-84959165762&issn=15561615&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=0d3f9b4edeb2d97543820a9542966fe8


  2 of 2

Venturini, M., Sinclair, N., Leung, A., Baccaglini-Frank, A. 
(2017) Digital Technologies in Designing Mathematics Education Tasks, 8, pp. 77-98.  . 
(Cham: Springer) Designing assessment tasks in a dynamic geometry environment chapter 1 

 

Chan, K.K., Leung, S.W. 

(2014) Journal of Educational Computing Research, 51 (3), pp. 311-325.  . 
 

doi: 10.2190/EC.51.3.c 

Jones, K. 
Research on the use of dynamic geometry software: Implications for the classroom 
(2002) MicroMath, 18, pp. 18-20.  . 

 

Hohenwarter, M., Hohenwarter, J., Kreis, Y., Lavicza, Z. 
(2008) Teaching and Calculus with Free Dinamic Mathematics Software GeoGebra.  . 

 

Tall, D., Grouws, D. 
(1992) Handbook of Research on Mathematics Teaching and Learning.  . 
(New York: Macmillan) The Transition to Advanced Mathematical Thinking: Functions, Limits,
Infinity and Proof 

 

Dogan, M., Içel, R. 
The role of dynamic geometry software in the process of learning: GeoGebra example about triangles 
(2011) J. Hum. Sci., 8, pp. 1441-1458.  . 

 

Erbas, A.K., Yenmez, A.A. 

(2011) Computers and Education, 57 (4), pp. 2462-2475.  . 
doi: 10.1016/j.compedu.2011.07.002 

Hannafin, R.D., Scott, B.N. 

(2001) Computers in the Schools, 17 (1-2), pp. 121-141.  . 
doi: 10.1300/J025v17n01_10 

Roschelle, J., Teasley, S.D. 
(1995) Computer Supported Collaborative Learning, pp. 69-97.  . 
Roschelle J and Teasley SD ed C O'Malley (Berlin: Springer) The construction of shared knowledge in
collaborative problem solving chapter 5 

 

Dogan-Dunlap, H. 

(2006) International Journal of Mathematical Education in Science and Technology, 37 (4), pp. 401-
410.  . 
doi: 10.1080/00207390600594853 

 Kristanto, Y.D.; Universitas Sanata Dharma, Paingan, Maguwoharjo, Depok, Sleman, D. I. Yogyakarta,
Indonesia; email:   
© Copyright 2019 Elsevier B.V., All rights reserved.

15
Cited 8 times

16

Dynamic geometry software improves mathematical achievement: Systematic
review and meta-analysis

Cited 31 times
http://jec.sagepub.com/content/by/year

View at Publisher

17

Cited 13 times

18
Cited 55 times

19
Cited 187 times

20

Cited 18 times

21

The effect of inquiry-based explorations in a dynamic geometry environment on
sixth grade students' achievements in polygons

Cited 40 times

View at Publisher

22

Teaching and learning with dynamic geometry programs in student-centered
learning environments: A mixed method inquiry

Cited 11 times

View at Publisher

23
Cited 1153 times

24

Lack of set theory relevant prerequisite knowledge

Cited 7 times

View at Publisher

 
yosepdwikristanto@usd.ac.id

◅ Back to results ◅ Previous  Top of page

https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-85064390532&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84928490668&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84928490668&src=s&origin=reflist&refstat=core
http://jec.sagepub.com/content/by/year
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.2190%2fEC.51.3.c&locationID=3&categoryID=4&eid=2-s2.0-84928490668&issn=15414140&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=0b76e0b7dc326aa247ef1496f6841277
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84918815642&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84858754317&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-0004134421&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-84893681417&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-79961120602&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-79961120602&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.compedu.2011.07.002&locationID=3&categoryID=4&eid=2-s2.0-79961120602&issn=03601315&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=2b9cfd5eb8e8ea8a231c25e40a410a6a
https://www.scopus.com/record/display.uri?eid=2-s2.0-33646077098&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-33646077098&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1300%2fJ025v17n01_10&locationID=3&categoryID=4&eid=2-s2.0-33646077098&issn=15287033&linkType=ViewAtPublisher&year=2001&origin=reflist&dig=84af194db1e2e6ecbdefb748795e188f
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-0002294343&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-33751109960&origin=reflist&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85064391385&refeid=2-s2.0-33751109960&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1080%2f00207390600594853&locationID=3&categoryID=4&eid=2-s2.0-33751109960&issn=0020739X&linkType=ViewAtPublisher&year=2006&origin=reflist&dig=d3638f93d1cf3ecacb8c88363cece22d
mailto:yosepdwikristanto@usd.ac.id
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&offset=2&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85064415515&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments&sid=3698ee392804d7f82784fbc9a72626ad&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Discovering+the+formal+definition+of+limit+through+exploration+in+dynamic+geometry+environments%29&relpos=0


9/19/22, 11:55 AM Journal of Physics: Conference Series

https://www.scimagojr.com/journalsearch.php?q=130053&tip=sid&clean=0 1/20

also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Journal of Physics: Conference Series

COUNTRY

United Kingdom 

SUBJECT AREA AND CATEGORY

Physics and Astronomy

PUBLISHER

IOP Publishing Ltd. 

H-INDEX

85

PUBLICATION TYPE

Conferences and Proceedings

ISSN

17426588, 17426596

COVERAGE

2005-2021

INFORMATION

Homepage

How to publish in this
journal

jpcs@ioppublishing.or
g

SCOPE

The open access Journal of Physics: Conference Series (JPCS) provides a fast, versatile and cost-effective proceedings publication service.

Join the conversation about this journal

Enter Journal Title, ISSN or Publisher Name  

Nature Science Journal

1 Year Subscription, 51 Issues

Groundbreaking Global Science Research Delivered to You & Online Archive Access From 1997.

nature.com OPEN

Universities and research
institutions in United Kingdom

Physics and Astronomy (miscellaneous)

In
t
e
r
n
a

n
t
e
r
n
a
t
i

International Journal…

Call for Papers

2022

Open

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagojr.com/journalrank.php?area=3100
https://www.scimagojr.com/journalsearch.php?q=IOP%20Publishing%20Ltd.&tip=pub
https://iopscience.iop.org/journal/1742-6596
https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/
mailto:jpcs@ioppublishing.org
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3ZwnEfUnY7X-N7yBjMwP9p-h-AGR4Z3GaujqtuDIDa7Ig-qMDhABIJDZx3tg6YKAgJAOoAG6jq-OA8gBAakCQyYB0hDOsD6oAwHIA8MEqgSNAk_Q3TWBF_UgV2q85fiCYuuebYAQSqQPlSk4eIUSBO79GiGBxkELt9lhXKRCIPUD8oRVV1-ApdPF8Dkr-HMTtx1n9OZUGYdHpQsfg-v5rZl6P_cIJB4wx-ayGX-j5JW3YjZyo8Z1aHmU9PgifxzDf6Ozt0zvnZCSC2_uGPirR3aYaSkbGtA7DZDE5OX_LWgOULwgjKaOkKyNI6k-yYs03WwfDS3nN2IbsjW5H9akOD8UFvrd_lFrId_jKwTABZw1Y-d960C7y6k6lmu-F5AbCDD__UPG-jsqEq755pv9KOjluq-w5zOcN4T8LQSKcXPZqJPgAMQRBVJE6sAQmn0Cu1bXwdyJ82ieldWNJp2owAT0kvrB5QGgBmaAB67x0HGoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggTCIABEAEYHjIBAjoHn9CAgICABLEJs3H1tgfinuOACgGYCwHICwG4DAHYEwLQFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJeRo5FuDNcnFT4aRourvZu0mTdsLK332rB6mjXiOKCssAWisKGQ&sig=AOD64_0ByFfLrZvGWH2MdWLR9mQZVSoPxA&client=ca-pub-7636113250813806&nb=0&adurl=https://www.nature.com/nature/subscribe%3Fgclid%3DEAIaIQobChMI9crimYeg-gIVvACDAx32TwgfEAEYASAAEgIzWPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3ZwnEfUnY7X-N7yBjMwP9p-h-AGR4Z3GaujqtuDIDa7Ig-qMDhABIJDZx3tg6YKAgJAOoAG6jq-OA8gBAakCQyYB0hDOsD6oAwHIA8MEqgSNAk_Q3TWBF_UgV2q85fiCYuuebYAQSqQPlSk4eIUSBO79GiGBxkELt9lhXKRCIPUD8oRVV1-ApdPF8Dkr-HMTtx1n9OZUGYdHpQsfg-v5rZl6P_cIJB4wx-ayGX-j5JW3YjZyo8Z1aHmU9PgifxzDf6Ozt0zvnZCSC2_uGPirR3aYaSkbGtA7DZDE5OX_LWgOULwgjKaOkKyNI6k-yYs03WwfDS3nN2IbsjW5H9akOD8UFvrd_lFrId_jKwTABZw1Y-d960C7y6k6lmu-F5AbCDD__UPG-jsqEq755pv9KOjluq-w5zOcN4T8LQSKcXPZqJPgAMQRBVJE6sAQmn0Cu1bXwdyJ82ieldWNJp2owAT0kvrB5QGgBmaAB67x0HGoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggTCIABEAEYHjIBAjoHn9CAgICABLEJs3H1tgfinuOACgGYCwHICwG4DAHYEwLQFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJeRo5FuDNcnFT4aRourvZu0mTdsLK332rB6mjXiOKCssAWisKGQ&sig=AOD64_0ByFfLrZvGWH2MdWLR9mQZVSoPxA&client=ca-pub-7636113250813806&nb=0&adurl=https://www.nature.com/nature/subscribe%3Fgclid%3DEAIaIQobChMI9crimYeg-gIVvACDAx32TwgfEAEYASAAEgIzWPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3ZwnEfUnY7X-N7yBjMwP9p-h-AGR4Z3GaujqtuDIDa7Ig-qMDhABIJDZx3tg6YKAgJAOoAG6jq-OA8gBAakCQyYB0hDOsD6oAwHIA8MEqgSNAk_Q3TWBF_UgV2q85fiCYuuebYAQSqQPlSk4eIUSBO79GiGBxkELt9lhXKRCIPUD8oRVV1-ApdPF8Dkr-HMTtx1n9OZUGYdHpQsfg-v5rZl6P_cIJB4wx-ayGX-j5JW3YjZyo8Z1aHmU9PgifxzDf6Ozt0zvnZCSC2_uGPirR3aYaSkbGtA7DZDE5OX_LWgOULwgjKaOkKyNI6k-yYs03WwfDS3nN2IbsjW5H9akOD8UFvrd_lFrId_jKwTABZw1Y-d960C7y6k6lmu-F5AbCDD__UPG-jsqEq755pv9KOjluq-w5zOcN4T8LQSKcXPZqJPgAMQRBVJE6sAQmn0Cu1bXwdyJ82ieldWNJp2owAT0kvrB5QGgBmaAB67x0HGoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggTCIABEAEYHjIBAjoHn9CAgICABLEJs3H1tgfinuOACgGYCwHICwG4DAHYEwLQFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJeRo5FuDNcnFT4aRourvZu0mTdsLK332rB6mjXiOKCssAWisKGQ&sig=AOD64_0ByFfLrZvGWH2MdWLR9mQZVSoPxA&client=ca-pub-7636113250813806&nb=7&adurl=https://www.nature.com/nature/subscribe%3Fgclid%3DEAIaIQobChMI9crimYeg-gIVvACDAx32TwgfEAEYASAAEgIzWPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3ZwnEfUnY7X-N7yBjMwP9p-h-AGR4Z3GaujqtuDIDa7Ig-qMDhABIJDZx3tg6YKAgJAOoAG6jq-OA8gBAakCQyYB0hDOsD6oAwHIA8MEqgSNAk_Q3TWBF_UgV2q85fiCYuuebYAQSqQPlSk4eIUSBO79GiGBxkELt9lhXKRCIPUD8oRVV1-ApdPF8Dkr-HMTtx1n9OZUGYdHpQsfg-v5rZl6P_cIJB4wx-ayGX-j5JW3YjZyo8Z1aHmU9PgifxzDf6Ozt0zvnZCSC2_uGPirR3aYaSkbGtA7DZDE5OX_LWgOULwgjKaOkKyNI6k-yYs03WwfDS3nN2IbsjW5H9akOD8UFvrd_lFrId_jKwTABZw1Y-d960C7y6k6lmu-F5AbCDD__UPG-jsqEq755pv9KOjluq-w5zOcN4T8LQSKcXPZqJPgAMQRBVJE6sAQmn0Cu1bXwdyJ82ieldWNJp2owAT0kvrB5QGgBmaAB67x0HGoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggTCIABEAEYHjIBAjoHn9CAgICABLEJs3H1tgfinuOACgGYCwHICwG4DAHYEwLQFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJeRo5FuDNcnFT4aRourvZu0mTdsLK332rB6mjXiOKCssAWisKGQ&sig=AOD64_0ByFfLrZvGWH2MdWLR9mQZVSoPxA&client=ca-pub-7636113250813806&nb=1&adurl=https://www.nature.com/nature/subscribe%3Fgclid%3DEAIaIQobChMI9crimYeg-gIVvACDAx32TwgfEAEYASAAEgIzWPD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3ZwnEfUnY7X-N7yBjMwP9p-h-AGR4Z3GaujqtuDIDa7Ig-qMDhABIJDZx3tg6YKAgJAOoAG6jq-OA8gBAakCQyYB0hDOsD6oAwHIA8MEqgSNAk_Q3TWBF_UgV2q85fiCYuuebYAQSqQPlSk4eIUSBO79GiGBxkELt9lhXKRCIPUD8oRVV1-ApdPF8Dkr-HMTtx1n9OZUGYdHpQsfg-v5rZl6P_cIJB4wx-ayGX-j5JW3YjZyo8Z1aHmU9PgifxzDf6Ozt0zvnZCSC2_uGPirR3aYaSkbGtA7DZDE5OX_LWgOULwgjKaOkKyNI6k-yYs03WwfDS3nN2IbsjW5H9akOD8UFvrd_lFrId_jKwTABZw1Y-d960C7y6k6lmu-F5AbCDD__UPG-jsqEq755pv9KOjluq-w5zOcN4T8LQSKcXPZqJPgAMQRBVJE6sAQmn0Cu1bXwdyJ82ieldWNJp2owAT0kvrB5QGgBmaAB67x0HGoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggTCIABEAEYHjIBAjoHn9CAgICABLEJs3H1tgfinuOACgGYCwHICwG4DAHYEwLQFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJeRo5FuDNcnFT4aRourvZu0mTdsLK332rB6mjXiOKCssAWisKGQ&sig=AOD64_0ByFfLrZvGWH2MdWLR9mQZVSoPxA&client=ca-pub-7636113250813806&nb=8&adurl=https://www.nature.com/nature/subscribe%3Fgclid%3DEAIaIQobChMI9crimYeg-gIVvACDAx32TwgfEAEYASAAEgIzWPD_BwE
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagojr.com/journalrank.php?category=3101
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CWEuZE_UnY6CpB7CIrtoPnN-6yAzdyuOubO7MtqShEK7Ig-qMDhABIJDZx3tg6YKAgJAOoAHD6q_mKMgBAakCoKl5C-ztSj6oAwGqBI4CT9DjWnzCo-iTBZed5Odwm00PHu0P1I7N_B84gz2mYEMzUDK5RkzeBofJtJ-1xJhtMIAHQASTabgCledLf28tYWLe37Rcgjvy8yoHuLBT02qmhDaRq0C2t8FtKbsQnSPlg52OFG2R05f6L_-s5aqKhIrkg4FuUEFxIsGDKvvElroldW-hL8iOTfU63RSWIZAvFFnJhJL4kkgdzX49MJh-PPSlnu09A2s5lbS5ljQ6icAeI5aRgtvJhfC5CfppjdX6a2qJonSeBew-14ewgLRzhd51-LowVAqACvTPzu_5kbnyjhDe_2zUG4ilC5Ttdm6BocN8Eszq7REdpYybEOElZrovX1u2phGXb9ZIyBkRwASTuqSGowSAB8OigMYDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIEwiAARABGB4yAQI6B5_AgICAgASxCcbmywgebJT8gAoBigoSaHR0cDovL2lqaXNhZS5vcmcvmAsByAsB4AsBuAwB2BMK0BUB-BYBgBcB&ae=1&num=1&cid=CAASJeRoAx9JkoxYzWaj0hSCk4hWGiLLeMV4kJSNu7hS0Wqv7cmLk7w&sig=AOD64_3HN_yy9TWCrJLzTqzFViapxMKA9g&client=ca-pub-7636113250813806&nb=1&adurl=https://ijisae.org/index.php/IJISAE%3Fgclid%3DEAIaIQobChMI4P6rmoeg-gIVMIRLBR2crw7JEAEYASAAEgJbm_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CWEuZE_UnY6CpB7CIrtoPnN-6yAzdyuOubO7MtqShEK7Ig-qMDhABIJDZx3tg6YKAgJAOoAHD6q_mKMgBAakCoKl5C-ztSj6oAwGqBI4CT9DjWnzCo-iTBZed5Odwm00PHu0P1I7N_B84gz2mYEMzUDK5RkzeBofJtJ-1xJhtMIAHQASTabgCledLf28tYWLe37Rcgjvy8yoHuLBT02qmhDaRq0C2t8FtKbsQnSPlg52OFG2R05f6L_-s5aqKhIrkg4FuUEFxIsGDKvvElroldW-hL8iOTfU63RSWIZAvFFnJhJL4kkgdzX49MJh-PPSlnu09A2s5lbS5ljQ6icAeI5aRgtvJhfC5CfppjdX6a2qJonSeBew-14ewgLRzhd51-LowVAqACvTPzu_5kbnyjhDe_2zUG4ilC5Ttdm6BocN8Eszq7REdpYybEOElZrovX1u2phGXb9ZIyBkRwASTuqSGowSAB8OigMYDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIEwiAARABGB4yAQI6B5_AgICAgASxCcbmywgebJT8gAoBigoSaHR0cDovL2lqaXNhZS5vcmcvmAsByAsB4AsBuAwB2BMK0BUB-BYBgBcB&ae=1&num=1&cid=CAASJeRoAx9JkoxYzWaj0hSCk4hWGiLLeMV4kJSNu7hS0Wqv7cmLk7w&sig=AOD64_3HN_yy9TWCrJLzTqzFViapxMKA9g&client=ca-pub-7636113250813806&nb=0&adurl=https://ijisae.org/index.php/IJISAE%3Fgclid%3DEAIaIQobChMI4P6rmoeg-gIVMIRLBR2crw7JEAEYASAAEgJbm_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CWEuZE_UnY6CpB7CIrtoPnN-6yAzdyuOubO7MtqShEK7Ig-qMDhABIJDZx3tg6YKAgJAOoAHD6q_mKMgBAakCoKl5C-ztSj6oAwGqBI4CT9DjWnzCo-iTBZed5Odwm00PHu0P1I7N_B84gz2mYEMzUDK5RkzeBofJtJ-1xJhtMIAHQASTabgCledLf28tYWLe37Rcgjvy8yoHuLBT02qmhDaRq0C2t8FtKbsQnSPlg52OFG2R05f6L_-s5aqKhIrkg4FuUEFxIsGDKvvElroldW-hL8iOTfU63RSWIZAvFFnJhJL4kkgdzX49MJh-PPSlnu09A2s5lbS5ljQ6icAeI5aRgtvJhfC5CfppjdX6a2qJonSeBew-14ewgLRzhd51-LowVAqACvTPzu_5kbnyjhDe_2zUG4ilC5Ttdm6BocN8Eszq7REdpYybEOElZrovX1u2phGXb9ZIyBkRwASTuqSGowSAB8OigMYDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIEwiAARABGB4yAQI6B5_AgICAgASxCcbmywgebJT8gAoBigoSaHR0cDovL2lqaXNhZS5vcmcvmAsByAsB4AsBuAwB2BMK0BUB-BYBgBcB&ae=1&num=1&cid=CAASJeRoAx9JkoxYzWaj0hSCk4hWGiLLeMV4kJSNu7hS0Wqv7cmLk7w&sig=AOD64_3HN_yy9TWCrJLzTqzFViapxMKA9g&client=ca-pub-7636113250813806&nb=8&adurl=https://ijisae.org/index.php/IJISAE%3Fgclid%3DEAIaIQobChMI4P6rmoeg-gIVMIRLBR2crw7JEAEYASAAEgJbm_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CWEuZE_UnY6CpB7CIrtoPnN-6yAzdyuOubO7MtqShEK7Ig-qMDhABIJDZx3tg6YKAgJAOoAHD6q_mKMgBAakCoKl5C-ztSj6oAwGqBI4CT9DjWnzCo-iTBZed5Odwm00PHu0P1I7N_B84gz2mYEMzUDK5RkzeBofJtJ-1xJhtMIAHQASTabgCledLf28tYWLe37Rcgjvy8yoHuLBT02qmhDaRq0C2t8FtKbsQnSPlg52OFG2R05f6L_-s5aqKhIrkg4FuUEFxIsGDKvvElroldW-hL8iOTfU63RSWIZAvFFnJhJL4kkgdzX49MJh-PPSlnu09A2s5lbS5ljQ6icAeI5aRgtvJhfC5CfppjdX6a2qJonSeBew-14ewgLRzhd51-LowVAqACvTPzu_5kbnyjhDe_2zUG4ilC5Ttdm6BocN8Eszq7REdpYybEOElZrovX1u2phGXb9ZIyBkRwASTuqSGowSAB8OigMYDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIEwiAARABGB4yAQI6B5_AgICAgASxCcbmywgebJT8gAoBigoSaHR0cDovL2lqaXNhZS5vcmcvmAsByAsB4AsBuAwB2BMK0BUB-BYBgBcB&ae=1&num=1&cid=CAASJeRoAx9JkoxYzWaj0hSCk4hWGiLLeMV4kJSNu7hS0Wqv7cmLk7w&sig=AOD64_3HN_yy9TWCrJLzTqzFViapxMKA9g&client=ca-pub-7636113250813806&nb=8&adurl=https://ijisae.org/index.php/IJISAE%3Fgclid%3DEAIaIQobChMI4P6rmoeg-gIVMIRLBR2crw7JEAEYASAAEgJbm_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CWEuZE_UnY6CpB7CIrtoPnN-6yAzdyuOubO7MtqShEK7Ig-qMDhABIJDZx3tg6YKAgJAOoAHD6q_mKMgBAakCoKl5C-ztSj6oAwGqBI4CT9DjWnzCo-iTBZed5Odwm00PHu0P1I7N_B84gz2mYEMzUDK5RkzeBofJtJ-1xJhtMIAHQASTabgCledLf28tYWLe37Rcgjvy8yoHuLBT02qmhDaRq0C2t8FtKbsQnSPlg52OFG2R05f6L_-s5aqKhIrkg4FuUEFxIsGDKvvElroldW-hL8iOTfU63RSWIZAvFFnJhJL4kkgdzX49MJh-PPSlnu09A2s5lbS5ljQ6icAeI5aRgtvJhfC5CfppjdX6a2qJonSeBew-14ewgLRzhd51-LowVAqACvTPzu_5kbnyjhDe_2zUG4ilC5Ttdm6BocN8Eszq7REdpYybEOElZrovX1u2phGXb9ZIyBkRwASTuqSGowSAB8OigMYDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHAdIIEwiAARABGB4yAQI6B5_AgICAgASxCcbmywgebJT8gAoBigoSaHR0cDovL2lqaXNhZS5vcmcvmAsByAsB4AsBuAwB2BMK0BUB-BYBgBcB&ae=1&num=1&cid=CAASJeRoAx9JkoxYzWaj0hSCk4hWGiLLeMV4kJSNu7hS0Wqv7cmLk7w&sig=AOD64_3HN_yy9TWCrJLzTqzFViapxMKA9g&client=ca-pub-7636113250813806&nb=8&adurl=https://ijisae.org/index.php/IJISAE%3Fgclid%3DEAIaIQobChMI4P6rmoeg-gIVMIRLBR2crw7JEAEYASAAEgJbm_D_BwE


9/19/22, 11:55 AM Journal of Physics: Conference Series

https://www.scimagojr.com/journalsearch.php?q=130053&tip=sid&clean=0 2/20

Metrics based on Scopus® data as of April 2022

Call for Papers 2022

Fast Review, Quick Publication in award winning Scopus Indexed Journal.

International Journal… Open

Quartiles

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2005 784
2006 2290
2007 2000
2008 3740

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2005 0.000
Cites / Doc. (4 years) 2006 0.487
Cites / Doc. (4 years) 2007 0.450
Cites / Doc. (4 years) 2008 0.480
Cites / Doc. (4 years) 2009 0.505
Cites / Doc. (4 years) 2010 0.515
Cites / Doc. (4 years) 2011 0.528
Cites / Doc. (4 years) 2012 0.502
Cites / Doc. (4 years) 2013 0.438
Cites / Doc. (4 years) 2014 0.479

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
 

Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2005 20.54
2006 22 27

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2005 0
Uncited documents 2006 563
Uncited documents 2007 2303
Uncited documents 2008 3686
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Abstract. The formal definition of limit is one mathematical idea that gives difficulties to most 

students. Therefore, it is necessary to provide engaging activity in order to construct the students’ 

understanding about the definition. This study aims to shed light on designing activities with 

dynamic geometry software to facilitate the students in discovering the formal definition of limit. 

Forty-eight students participated in the study. Both quantitative and qualitative data were 

collected from the students’ responses in and attitudes toward the activities. The students’ 

responses were gathered directly by using the dynamic geometry software whereas an online 

questionnaire was used to collect the students’ attitudes. The results of the study then presented 

in this paper. Further, a set of suggestions in designing and implementing dynamic geometry 

environments to foster students’ understanding about formal definition of limit was also 

proposed. 

1.  Introduction 

Many students consider mathematics as “inhuman” because they have mindset that mathematics far 

from their daily life. As posited by Freudenthal [1], mathematics educators should instil mathematics to 

become more humanity. One possible way to accomplish the goal is to make mathematics can be 

recreated by the students. It is also the case in Calculus learning, especially in the topic of formal 

definition of limit. On the one hand, the formal definition of limit is one mathematical idea that gives 

difficulties to most students [2]. On the other hand, the concept is mathematically important. It is 

arguably the most fundamental concept in Calculus [3]. Students should have understanding on the 

concept in order to learn other concept in Calculus. Therefore, it is necessary to provide engaging 

activity in order to construct the students’ understanding about the formal definition of definition. One 

strategy to attain this aim is to provide dynamic geometry environments (DGE). 

2.  Literature review 

2.1.  The definition of limit 

Many Calculus textbooks [4–8] present the concept of limit in similar way. First, they introduce limit of 

functions numerically and graphically, then continue to be more precisely. The use of numerical and 

graphical approaches is aimed to create concept images of limit. The concept images are important for 

students in understanding and comprehending the formal definition of limit. Informally, limit of a 

function f(x) as x approaches a equal to L if the values of f(x) close to L as x sufficiently close to a 
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[5,p.51]. This “informal definition” of limit with appropriate design tasks will lead to the concept images 

of limit creation [9]. 

In shed light on how limit concept should be understood, Cottrill et al. [10] have proposed a 

framework in this regard. The framework consists seven steps that can be categorized into two general 

phases. The first four steps focus on informal limit concept and the remaining three steps emphasis on 

formal definition of limit. This framework shows the value in bridging the informal and formal concept 

of limit. The similar perspective also can be found in Zandieh and Rasmussen [11] study. Further, 

Fernández [12] add that when students were allowed to build on their spontaneous conceptions, they 

tend to reason more coherently about the formal definition of limit. 

Beside the important of task sequencing in understanding the formal definition of limit, it is also 

important to analyse the concepts in the definition. Formally, limit of f(x) as x approaches a is L if for 

every number ε > 0 there is a number δ > 0 such that the following statement is true: If |x – a| < δ then 

|f(x) – L| < ε. In understanding the definition, students must understand the basic logic, especially for 

implication. Further, they must also understand the absolute values. These two critical concepts are must 

mastered by students if they work in problems involving proof. They should proficient on how choose 

the number δ > 0 such that for every ε > 0, if the distance between x and a is less than δ then the distance 

between f(x) and L is also less than ε. 

2.2.  Dynamic geometry environment 

Rich body of research has reported the use of DGE in mathematics classroom [13–15]. Chan and Leung 

[16] conducted systematic review on the effectiveness of DGE on students’ achievement. From their 

studies, it is found that DGE has a positive and large effect size on mathematics achievement. The DGE 

is suitable with inquiry-based learning, but also others teaching strategies that emphasis teacher as 

facilitator. Specifically, Jones [17] has reviewed the use of DGE in facilitating students’ reasoning in 

mathematical proof. The exploration and visualisation in DGE might lead the students’ understanding 

of the need for and the roles of proof. Further, the use of DGE for conceptual exploration can result in 

conceptual gain. However, the DGE itself will does not grant an impact on students’ learning. Teacher 

should facilitate other activities and guidance through the use of DGE in classroom. 

Hohenwarter and colleagues [18] gave illustrations on how the dynamic geometry software can be 

utilized in Calculus classroom. They noted that the DGE can be used in presentation or mathematical 

experiments. For the presentation purpose, DGE is a part of teacher’s lesson planning. Teacher can 

develop interactive activities or mathematical graphic from their desk, and then present the materials in 

classroom. In addition, teacher also can construct dynamic figures directly in classroom if he/she want 

more flexible teaching. The DGE also enable the mathematical experiments to be conducted in 

classroom. Students can use the dynamic geometry software to construct and explore mathematics 

graphs in understanding mathematical concept. Further, teacher also can provide premade interactive 

activities for students to explore and investigate certain mathematical concepts. In these activities, 

students need to interact in computer environment. 

2.3.  Purpose of the present study 

Build from the body of literature about research in limit of functions and DGE, the present study aims 

to describe the implementation of web-based dynamic geometry environment to facilitate students in 

understanding the formal definition of limit. This paper also adds the students’ perceptions about the 

DGE for their learning. 

3.  Method 

The present study was exploratory research that was conducted at a private university in D. I. 

Yogyakarta, Indonesia. The study was carried out in Differential Calculus class that contains 51 

freshman, sophomore, junior, and senior year students. However, there were 48 students that attended 

the class when the study was held, namely 13 males and 35 females. All of the students were pre-service 

mathematics teachers that obliged to pass the Differential Calculus course. 
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The current study was conducted on one meeting when the class discussed about the formal definition 

of limit. Before the meeting, the first author as an instructor developed interactive activities with 

Desmos. The activities contain fifteen slides that can be categorized into three general phases, i.e. 

introduction, main, and closure sections. The introduction section informed the learning goals and give 

warming up activities to students. In the warming up activities, students recalled their knowledge about 

informal definition of limit and basic algebra that were needed in understanding the following body of 

lesson. In the main section, students practiced to use the formal definition of limit to prove statements 

about limit concept. In this section, students were guided to choose appropriate a number delta with the 

assist of dynamic graphics. The dynamic graphics have slider that can be set by students to visualize the 

implications of their chosen delta. In the closure, students were appreciated after they finished all the 

activities. 

Students carried out the activities in group of three until four. Each group has one laptop that 

connected to internet network. The students discussed in group to solve the given problems. During the 

discussion, the instructor visited from one group to another group to guide the groups. The instructor 

answer questions that arose from the students. The students could see the progress of the other groups’ 

works that were displayed in front of classroom. They also could see the correctness of the works of 

others and their self, and if they want, they can revise their answers. 

4.  Result and discussion 

The first aim of the current study is to describe the implementation of web-based dynamic geometry 

environment to enhance students’ understanding of the formal definition of limit. The proportion of 

students’ participation in each activity’s section is presented on Figure 1. The figure reveals that most 

students have finished the introduction and main activities, whereas it is only one group (5.3%) which 

has completed the closure activity. In the introduction section, most students did not complete an activity 

in which they were asked to write the compound inequality into absolute value expression while most 

students failed to complete an activity in which they should prove a statement using the formal definition 

of limit in main section. 

 
Figure 1. Students participation in each section of activity 

The aforementioned finding in student participation shows that students still have difficulties in 

understanding absolute value expression. The absolute value is one of several concepts to be understood 

in understanding the formal definition of limit. The lack of comprehension in the absolute value concept 

and others prerequisites will hinder students’ success in studying the formal definition of limit [19]. 

Further, it also found in the current study that many students still lack of skill in using the formal 
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definition of limit to prove a mathematical statement. They tend to use limit rules, e.g. substitution rule, 

and table to prove the statement instead of using the limit definition. 

In addition to students’ participation, the present study also gathered the students’ perceptions on the 

DGE. Overall, students have positive attitude on the DGE. They perceived that the DGE help them to 

learn limit concept (3.73 out of 5), the DGE is easy to use (3.73 out of 5), the DGE is interesting (4.4 

out of 5), and they found that the appearance of the DGE is interesting (4.27 out of 5). The students’ 

perception is presented in Figure 2. The similar result also has been found in literature [20–22]. 

 
Figure 2. Students’ perceptions toward the DGE 

From the students’ answers of open questions in the questionnaire, it can be identified the students’ 

positive attitudes in experiencing the DGE. First, students perceive that the collaborative learning 

facilitated by the DGE can enhance their learning. They acknowledge that the group discussion helps 

them to solve the problems given in DGE. One possible explanation of this students’ perception has 

been stated in Roschelle and Teasley’s study [23]. They posit that students construct shared conceptual 

space in collaborative learning. Second, the students notice that the DGE was interesting, easy to use, 

and has value on its visualization. Third, students appreciate the dynamic feature of the DGE. With 

slider feature, for example, they can see what happens to epsilon when they change the values of delta. 

The students’ perceptions with regard to the DGE benefits are as follows. 

[The learning] was interesting and [with DGE] I can provide explanations of the 

problem’s answer to others. (S1) 

The display is interesting and the graph is easy to understand. It is be caused when I 

pointing the pointer on the graph, I directly can see what coordinate the point is. (S9) 

[The positive experience] was when I move the slider, the graphic is also changing. (S26) 

Students also had negative experiences in DGE. First, they encountered the technical issues, such as 

internet connection and devices ownership. Not all students have laptop or tablet to be used to access 

the DGE. Internet connection is also important when implementing the DGE. The trouble in the internet 

connection will hinder the students’ learning. Second, students found difficulties in typing mathematical 

equation. The issue arose because the dynamic geometry software (i.e. Desmos) still had limitation in 

providing mathematical equations. Lastly, students admitted that they have difficulties in understanding 
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the concepts provided in the DGE when they lack of prerequisite knowledge and skills. The importance 

of prerequisite knowledge and skills is consistent with Dogan-Dunlap [24]. The prerequisites provide 

learning context to students in knowing and understanding new topic. 

5.  Final remarks 

This paper explores how using the DGE to enhance students’ learning in Differential Calculus class, 

especially in the topic of the formal definition of limit. Students’ participation in the designed activities 

were described in the paper. Further, students’ positive and negative attitudes toward the activities were 

identified as well. The findings of the current study give contribution on how implementing DGE to 

foster students’ understanding about formal definition of limit. First, instructor’s intervention is needed 

when implementing the DGE. The DGE itself cannot enhance students’ learning. Instead, the instructor 

is still needed to provide learning environment in which students can learn optimally. Second, the DGE 

may have positive impact to students’ learning when it is implemented in collaborative learning. In this 

setting, students can discuss each other on the given problems to construct their knowledge and skills. 

Third, task design in the DGE should be designed appropriately so that can be completed on time. 

Finally, the instructor should provide pre-instructional activities before implementing the DGE so that 

students can prepare their prior knowledge and skills. 
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