IADIS International Conference on Cognition and Exploratory Learning in Digital Age (CELDA 2013)

THE CONTRIBUTIONS OF DIGITAL CONCEPT MAPS TO
ASSESSMENT FOR LEARNING PRACTICES

Mehmet Filiz, David Trumpower and Sait Atas
University of Ottawa, 75 Laurier Avenue East, Ottawa, ON K1N 6N5, CANADA

ABSTRACT

We have been developing a digital concept maps website (www.conceptmapsforlearning.com) based on the principles of
effective assessment for learning. The purpose of this paper is to reveal its promising contributions to formative
evaluation practices. The website reduces the workload of teachers as well as provides immediate and delayed feedback
on the weaknesses of students in different forms such as graphical and multimedia. For the following study, we will
examine whether these promising contributions to assessment for learning are valid in a variety of subjects.
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1. INTRODUCTION

Assessment is one of the crucial components of education (Gikandi et al, 2011), and is required for three
broader aims (Black, 1993):

» The certification of individual student achievement;

* The accountability of educational institutions via the comparison of results;

« Direct assistance to learning through useful feedback.

To accomplish one or more of these purposes, assessments can be designed as either summative or
formative. While the main purpose of summative assessment is to categorize students’ performance by
assigning grades, the basic aim of formative assessment is to identify students’ specific strengths and
weaknesses in order to facilitate further learning (Cizek, 2010). Assessment for learning is to assess student
performance and provide feedback during the process as well as to act on the provided feedback in a way that
benefits that student’s learning (Trumpower & Sarwar, 2010; Filiz et al, 2012).

1.1 The Effectiveness of Assessment for Learning

Despite the challenges to assessment for learning including resources and time (Cizek, 2010), several studies
reveal the positive impact of formative evaluation on students’ achievement. For example, Black and Wiliam
(1998) concluded that assessment for learning increases students’ performance after reviewing around 250
articles based on formative evaluation. These studies were related to feedback, self-assessment, and peer
assessment. Likewise, Nyquist (2003) came to a similar conclusion after conducting a meta-analysis on use
of feedback for formative assessment purposes. And, in an empirical study of 24 teachers who received six-
months of training to develop formative assessment practices, William et al (2004) demonstrated the positive
impact of using assessment for learning in classrooms.

However, the generalizability of these findings has been questioned by some. For instance, Bennett
(2011) has argued that the mean effect size computed by Black and Wiliam (1998) is based on studies that
are too diverse to be meaningfully combined, and that the meta-analysis conducted by Nyquist (2003) was
too narrowly focused on the college-level population. Similarly, Dunn and Mulvenon (2009) have raised
methodological concerns that may limit the conclusions drawn by Wiliam, et al. (2004). Because of these
issues, the specific principles of effective assessment for learning should be further addressed.
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1.2 The Principles of Effective Assessment for Learning

Trumpower and Sarwar (2010) have condensed the criteria of effective formative evaluation into four
necessary conditions in the context of technology assisted assessment for learning.

Assesses Higher Order Knowledge: The formative evaluation task must allow teachers to assess higher
order knowledge of students (Trumpower & Sarwar, 2010). Perkins (1993) notes that lack of higher order
knowledge causes misconceptions. Therefore, assessing higher order knowledge is one of the crucial
functions of any computer based formative evaluation software. Trumpower et al (in press) noted that
concept mapping tasks assess higher order knowledge.

Identifies Specific Strengths and Weaknesses: The formative evaluation task must identify specific
strengths and weaknesses of students’ knowledge (Trumpower & Sarwar, 2010; Cizek, 2010). There are
several ways of doing this. For example, an expert concept map might be given to students to compare with
their concept map (Trumpower et al, in press).

Provides Useful Feedback: The assessment for learning task must provide useful formative feedback on
students’ weaknesses. Shute (2008) reviewed research on formative feedback and identified several criteria
of effective feedback, including that it should be simple, objective, provided in a variety of formats other than
text, delivered in a timely manner, and give clear suggestions on how to improve.

But, in order for these principles to be effective, students should also be required to reflect on the
formative feedback (Fontana & Fernandes, 1994; Frederickson & White, 1997; Boston 2002), and be given
opportunities to use it to modify their previous work (i.e., revise and resubmit assignments/test answers).

Is User Friendly: A majority of teachers think that formative feedback is a difficult and time-consuming
task (NRC, 1999). Accordingly Trumpower et al (in press), suggest that technology assisted assessment for
learning applications should include automated assessment, evaluation, and feedback mechanisms. In
addition, these applications should allow students to monitor their performance.

2. BRIEF PRESENTATION OF CONCEPT MAPS FOR LEARNING
WEBSITE

In our research lab, we have been developing a concept mapping website (conceptmapsforlearning.com)
based on the aforementioned principles of effective formative assessment (Filiz et al, 2012). Within the
website, students create concept maps on a particular subject and then receive individualized feedback and
associated instructional material (e.g., videos, website links, examples, problems, etc.) based on a comparison
of their concept map and a subject matter expert’s map. After students study the feedback and instructional
material, teachers can track their progress by having them create revised concept maps.

Expert concept maps on a variety of topics (e.g., statistics) are stored in a repository within the website.
Teachers using the website can choose from amongst the topics. Students are then provided with the concepts
corresponding to the chosen topic and rate the degree of relationship between the concepts in order to
generate their concept map. The website then compares each student’s concept map with the expert concept
map to generate individualized feedback for each student. Feedback is comprised of a visual presentation of
the expert concept map superimposed over the student’s with any discrepancies highlighted by different types
of links. As seen in Figure 1, a black line appears provided that there is a link between two concepts in both
the expert’s map and the student map (i.e., a relevant link). A grey dotted line appears if there is a link
between two concepts in the student map, but not in the expert’s map (i.e., an extraneous link). Finally, a red
dashed line appears if there is a link between two concepts in the expert map, but there is no link between
these concepts in the student map (i.e., a missing link).

In addition to this visual feedback, additional instructional material is provided for any missing links.
When students move the mouse cursor over a missing link, a text message appears which explains how the
associated concepts are related; these explanations have been provided by subject matter experts, but can be
modified by individual teachers using the website. Further, if students double click on a missing link, they are
able to access linked instructional material intended to illustrate the ways in which the associated concepts
are related (e.g., videos, website links, examples, problems, etc.); again, this material has been provided by
subject matter experts, but additional material can be added by individual teachers (Figure 1).
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Figure 1. An example of a student's feedback map and an associated linked material

3. HOW DIGITAL CONCEPT MAPPING WEBSITE CONTRIBUTES TO
ASSESSMENT FOR LEARNING

One of the crucial contributions of the concept maps for learning website to formative evaluation is to
automatically identify each student’s misunderstandings and misconceptions. Typically, the task of
diagnosing misunderstandings is a difficult one, requiring both specific skills (e.g. how to conduct an
interview) and plenty of time for both developing an appropriate assessment task and then for evaluating it
(Browning & Lehman, 1988). Conversely, teachers are required to provide very minimal input in the concept
maps for learning website. Although they may add their own explanations and linked content, they are only
required to choose a topic and submit a list of students for whom they wish to grant access to the website.

Moreover, providing feedback on the weaknesses of students in different forms is another of the crucial
contributions of the concept maps for learning website to formative evaluation, for research has shown that
students are most likely to ignore verbal and written feedback (Shute, 2008; Lee, 2009). The concept maps
for learning website provides both visual feedback and linked feedback as a form of associated learning
activities including videos, games, or cartoon.

An additional contribution of the concept maps for learning website is that it is capable of providing
immediate feedback. Shute (2008) note that although high-achieving students may benefit from delayed
feedback, immediate feedback might be more useful for low-achieving students. The author also reveals that
immediate feedback is required for difficult tasks which are associated with higher order knowledge.
Therefore, any technology assisted formative evaluation tool must provide immediate feedback.

Furthermore, the concept maps for learning website is most likely to promote equitable education
(Gikandi et al, 2011), because each student’s weaknesses (misconceptions and/or misunderstanding) and
strengths is diagnosed through computer based formative evaluation software. In addition, students are able
to study received feedback from a variety of associated instructional multimedia materials.

Finally, our concept maps for learning website may help students improve their general problem solving
skills. In a related study, Schacter et al (1999) found that computer based concept mapping tasks improve
students’ problem solving performance.
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4. CONCLUSION

The aim of this paper was to examine how our concept mapping website contributes to assessment for
learning practices. Briefly, these contributions are as follows: (1) Assessing students’ higher order
knowledge, (2) Identifying each student’s misunderstandings and misconceptions, (3) Providing delayed and
immediate feedback on the weaknesses of students in different forms, (4) Promoting equitable education, (5)
Improving problem solving skills

For future studies, we are planning to create more concept maps related to different subjects. Therefore,
whether these promising contributions to assessment for learning are valid in different subjects will be
examined.

REFERENCES

Bennett, R.E., 2011. Formative assessment: A critical review. Assessment in Education: Principles, Policy & Practice,
18(1), 5-25.

Black, P. and Wiliam, D., 1998. Assessment and classroom learning. Assessment in Education: Principles, Policy
& Practice, 5(1), 7-74.

Black, P.J., 1993 Formative and summative assessment by teachers, Studies in Science Education, 21, pp. 49-97.

Browning, M. E. and Lehman, J. D., 1988. Identification of student misconceptions in genetics problem solving via
computer program. Journal of Research in Science Teaching, 25(9), 747-761.

Cizek, G. J., 2010. An introduction to formative assessment: History, characteristics, and challenges. In H. Andrade & G.
Cizek, (eds.) Handbook of formative assessment (pp. 3-17). New York: Taylor and Francis.

Dunn, K.E. and Mulvenon, S.W., 2004. A critical review of research on formative assessment: The limited scientific
evidence of the impact of formative assessment in education. Practical Assessment, Research & Evaluation, 14(7),
1-11.

Filiz, M. et al, 2012. Analysis of how well a concept mapping website conforms to principles of effective assessment for
learning. In A. J. Cafias, J. D. Novak, & J. Vanhear, (eds.) Concept Maps: Theory, Methodology, Technology.
Proceedings of the 5™ International Conference on Concept Mapping, (Malta).

Fontana, D. and Fernandes, M., 1994. Improvements in mathematics performance as a consequence of self-assessment in
Portuguese primary school pupils. British Journal of Educational Psychology, 64(3), 407-417.

Frederiksen, J.R. and White, B.J., 1997. Reflective assessment of students' research within an inquiry-based middle
school science curriculum, paper presented at the Annual Meeting of the AERA Chicago 1997.

Gikandi, JW. et al, 2011. Online formative assessment in higher education: A review of the literature. Computers
& Education, 57, 2333-2351.

Lee, 1., 2009. Ten mismatches between teachers' beliefs and written feedback practice. ELT journal, 63(1), 13-22.

National Research Council, 1999. How people learn: Brain, mind, experience, and school. Washington, D.C.: National
Academy Press.

Nyquist, J. B., 2003. Th e benefi ts of reconstruing feedback as a larger system of formative assessment: A metaanalysis.
Unpublished master’s thesis. Nashville, TN, Vanderbilt University

Perkins, D. N., 1993. Person-plus: A distributed view of thinking and learning. In G. Salomon (Ed.). Distributed
cognitions: Psychological and educational considerations, 88-110.

Schacter, J. et al, 1999. Computer-based performance assessments: a solution to the narrow measurement and reporting of
problem-solving. Computers in Human Behavior, 15, 403-418.

Shute, V.J., 2008. Focus on formative feedback. Review of Educational Research 78(1), 153-89.

Trumpower, D.L. and Sarwar, G.S., 2010. Effectiveness of structural feedback provided by Pathfinder networks. Journal
of Educational Computing Research, 43(1), 7-24.

Trumpower, D.L. et al, in press. Assessment for Learning Using Digital Knowledge Maps. In Ifenthaler D. and Hanewald
R., (eds.) Digital Knowledge Maps in Higher Education: Technology-Enhanced Support for Teachers and Learners.
London: Springer Limited

Wiliam, D. et al, 2004. Teachers developing assessment for learning: Impact on student achievement. Assessment in
Education: Principles, Policy, & Practice, 11(1), 49-65.

388



	CELDA 2013 - COVER

	CELDA 2013

	COPYRIGHT

	TABLE OF CONTENTS

	FOREWORD
	PROGRAM COMMITTEE
	KEYNOTE LECTURE
	PANEL
	FULL PAPERS

	WORKING MEMORY INTERVENTION: A READINGCOMPREHENSION APPROACH
	SUGGESTIONS FOR THE DESIGN OF E-LEARNINGENVIRONMENTS TO ENHANCE LEARNERSELF-EFFICACY
	STUDENT AND TEACHER USE OF TECHNOLOGY AT THEUNIVERSITY LEVEL
	UNDERSTANDING AND APPLYING TECHNOLOGY INFACULTY DEVELOPMENT PROGRAMS
	MEASURING PROBLEM SOLVING SKILLS IN PORTAL 2
	STUDENTS’ FACEBOOK USAGE AND ACADEMICACHIEVEMENT: A CASE STUDY OF PRIVATEUNIVERSITY IN THAILAND
	STUDENTS’ USAGE OF FACEBOOK FOR ACADEMICPURPOSES: A CASE STUDY OF PUBLIC AND PRIVATEUNIVERSITIES IN THAILAND
	PERSISTENCE OF COGNITIVE CONSTRUCTS FOSTEREDBY HANDS-ON SCIENCE ACTIVITIES IN MIDDLESCHOOL STUDENTS
	SPANNING KNOWLEDGE BARRIERS IN E-LEARNINGCONTENT DESIGN
	ASK LDT 2.0: A WEB-BASED GRAPHICAL TOOL FORAUTHORING LEARNING DESIGNS
	MODEL OF EMOTIONAL EXPRESSIONS INMOVEMENTS
	THE ANCESTOR PROJECT: ABORIGINAL COMPUTEREDUCATION THROUGH STORYTELLING
	CONTEXT-BASED SEMANTIC ANNOTATIONS IN COPES:AN ONTOLOGICAL AND RULE-BASED APPROACH
	MOBILE AUGMENTED REALITY IN SUPPORTING PEERASSESSMENT: AN IMPLEMENTATION IN AFUNDAMENTAL DESIGN COURSE
	INTELLIGENT TUTORS IN IMMERSIVE VIRTUALENVIRONMENTS
	CAN FREE-RANGE STUDENTS SAVE SOME SCHOOLS?A CASE STUDY ON A HYBRID CLASSROOM
	ICT SUPPORT FOR COLLABORATIVE LEARNING -A TALE OF TWO CITIES
	ISSUES OF LEARNING GAMES:FROM VIRTUAL TO REAL
	DATA CHALLENGES OF LEVERAGING A SIMULATIONTO ASSESS LEARNING
	SELF-ASSESSMENT AND REFLECTION IN A1ST SEMESTER COURSE FOR SOFTWARE ENGINEERINGSTUDENTS
	JOURNEY OF EXPLORATIONON THE WAY TOWARDS AUTHENTIC LEARNINGENVIRONMENTS
	SUPPORTING THE STRENGTHS AND ACTIVITY OFCHILDREN WITH AUTISM IN ATECHNOLOGY-ENHANCED LEARNING ENVIRONMENT
	TRANSFORMING EDUCATION IN A PRIMARY SCHOOL:A CASE STUDY
	USING GENERIC AND CONTEXT-SPECIFICSCAFFOLDING TO SUPPORT AUTHENTIC SCIENCEINQUIRY
	USING A FACEBOOK GROUP AS A FORUM TODISTRIBUTE, ANSWER AND DISCUSS CONTENT:INFLUENCE ON ACHIEVEMENT
	SOME PSYCHOMETRIC AND DESIGN IMPLICATIONS OFGAME-BASED LEARNING ANALYTICS
	PIAGET, INHELDER AND MINECRAFT
	MATH ON A SPHERE: MAKING USE OF PUBLICDISPLAYS IN EDUCATION
	RESEARCH ON THE E-TEXTBOOK AND E-SCHOOLBAGIN CHINA: CONSTRUCTING AN ECOSYSTEM OFE-TEXTBOOK AND E-SCHOOLBAG
	A STUDY ON IMPROVING INFORMATION PROCESSINGABILITIES BASED ON PBL
	TABLETS IN THE CLASSROOM: IMPROVISATIONALRHYTHMS AND CHANGE THROUGH BRICOLAGE
	USING REU PROJECTS AND CROWDSOURCING TOFACILITATE LEARNING ON DEMAND
	IPADS IN INCLUSIVE CLASSROOMS: ECOLOGIES OFLEARNING
	DESIGNING LEARNING OBJECT REPOSITORIES ASSYSTEMS FOR MANAGING EDUCATIONALCOMMUNITIES KNOWLEDGE
	THE CONFIGURATION PROCESS OF A COMMUNITY OFPRACTICE IN THE COLLECTIVE TEXT EDITOR
	CROSS-CONTINENTAL RESEARCH COLLABORATIONSABOUT ONLINE TEACHING
	LEVERAGE LEARNINGIN THE UNIVERSITY CLASSROOM
	USING LOOP LEARNING AND CRITICAL DIALOGUE INDEVELOPING INNOVATIVE LITERATURE REVIEWS
	DEVELOPING A CONNECTIVIST MOOC AT A COLLEGEOF EDUCATION: NARRATIVE OF DISRUPTIVEINNOVATION?

	SHORT PAPERS

	THE COGNITVE COST OF CHATTING WHILEATTENDING A LECTURE: A TEMPORAL ANALYSIS
	“VISUAL SELVES”: CONSTRUCTION SCIENCESTUDENTS’ PERCEPTIONS ABOUT THEIR ABILITIES TOREPRESENT SPATIAL RELATED PROBLEMSINTERNALLY AND EXTERNALLY
	EDUCATIONAL AFFORDANCES THAT SUPPORTDEVELOPMENT OF INNOVATIVE THINKING SKILLS INLARGE CLASSES
	TECHNOLOGY AND CURRICULUM STANDARDS: HOWWELL DO INTERNET-BASED LEARNING GAMESSUPPORT COMMON CORE STANDARDS FORMATHEMATICS?
	ENGLISH PROFICIENCY AND PARTICIPATION INONLINE DISCUSSION FOR LEARNING
	PROBLEM-BASED EDUCATIONAL GAME BECOMESSTUDENT-CENTERED LEARNING ENVIRONMENT
	TECHNOLOGY AND COGNITION MERGE WITHCHALLENGE-BASED LEARNING CYCLES ONLINE
	STUDENT-DRIVEN CLASSROOM TECHNOLOGIES:TRANSMEDIA NAVIGATION AND TRANFORMATIVECOMMUNICATIONS
	THE INVESTIGATION OF PRE-SERVICE TEACHERS’CONCERNS ABOUT INTEGRATING WEB 2.0TECHNOLOGIES INTO INSTRUCTION
	AN EXAMINATION OF TEACHERS’ INTEGRATION OFWEB 2.0 TECHNOLOGIES IN SECONDARYCLASSROOMS: A PHENOMENOLOGICAL STUDY
	PERCEIVED AFFORDANCES OF A TECHNOLOGYENHANCEDACTIVE LEARNING CLASSROOM INPROMOTING COLLABORATIVE PROBLEM SOLVING
	AUTHENTIC LEARNING THROUGH GBL: USINGINQUIRY AND PBL STRATEGIES TO ACCOMPLISHSPECIFIC LEARNING OUTCOMES THROUGH SMARTGAMES IN FORMAL AND INFORMAL SETTINGS
	DEALING WITH UNSEEN OBSTACLES TO EDUCATIONIN THE DIGITAL AGE
	IMPLEMENTING COLLABORATIVE DESIGN IN THENEXT SERIES OF ELEARNING PLATFORMS
	FACING THE CHALLENGE – DEVELOPING ANINSTRUCTIONAL PLAN FOR PORTUGUESE AS FOREIGNLANGUAGE IN BRAZIL BASED ON MULTILITERACY
	LIFE-LONG LEARNING AND SOCIAL RESPONSIBILITYOBLIGATIONS
	THE CONTRIBUTIONS OF DIGITAL CONCEPT MAPS TOASSESSMENT FOR LEARNING PRACTICES
	DON’T WASTE STUDENT WORK: USING CLASSROOMASSIGNMENTS TO CONTRIBUTE TO ONLINERESOURCES
	LEVERAGING SOCIOCULTURAL THEORY TO CREATEA MENTORSHIP PROGRAM FOR DOCTORAL STUDENTS
	DEMONSTRABLE COMPETENCE: AN ASSESSMENTMETHOD FOR COMPETENCY DOMAINS IN LEARNINGAND LEADERSHIP DOCTORAL PROGRAM
	CONFIDENCE-BASED ASSESSMENTS WITHINAN ADULT LEARNING ENVIRONMENT
	EFFECT OF DIGITALLY-INSPIRED INSTRUCTION ONSEVENTH GRADE SCIENCE ACHIEVEMENT
	INTERACTIVE TECHNOLOGIES FOR TEACHERTRAINING: COMPARING PERFORMANCE ANDASSESSMENT IN SECOND LIFE AND SIMSCHOOL

	REFLECTION PAPERS

	SOME CONSIDERATIONS ON DIGITAL READING
	AN ALTERNATIVE APPROACH TO TEST ANALYSISAND INTERPRETATION
	VOLITION SUPPORT DESIGN MODEL
	TEKKING: TRANSVERSING VIRTUAL ANDINTERNATIONAL BOUNDARIES TO EXPLORE ANDDEVELOP EFFECTIVE ADULT LEARNER EXPERIENCES
	STRENGTHENING PARENT-CHILD RELATIONSHIPSTHROUGH CO-PLAYING VIDEO GAMES
	REFLECTION PAPER ON A UBIQUTOUS ENGLISHVOCABULARY LEARNING SYSTEM: EVIDENCE OFACTIVE/PASSIVE ATTITUDEVS. USEFULNESS/EASE-OF-USE

	AUTHOR INDEX



