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Abstract

© 2017, Budapest Tech Polytechnical Institution. All rights reserved. A bipolar rating scale is a
linearly ordered set with symmetry between elements considered as negative and positive
categories. First, we present a survey of bipolar rating scales used in psychology, sociology,
medicine, recommender systems, opinion mining, and sentiment analysis. We discuss different
particular cases of bipolar scales and, in particular, typical structures of bipolar scales with
verbal labels that can be used for construction of bipolar rating scales. Next, we introduce the
concept of bipolar scoring function preserving linear ordering and the symmetry of bipolar
scales, study its properties, and propose methods for construction of bipolar scoring functions.
We show that Pearson’s correlation coefficient often used for analysis of relationship between
profiles of ratings in recommender systems can be misleading if the rating scales are bipolar.
Basing on the general methods of construction of association measures, we propose new
correlation measures on bipolar scales free from the drawbacks of Pearson’s correlation
coefficient. Our correlation measures can be used in recommender systems, sentiment analysis
and opinion mining for analysis of possible relationship between opinions of users and their
ratings of items.

http://dx.doi.org/10.12700/APH.14.3.2017.3.3

Keywords

Association measure, Bipolar scale, Correlation, Opinion mining, Rating scale, Recommender
system, Sentient analysis

References

[1] Adomavicius, G., & Tuzhilin, A. (2005). Toward the next generation of recommender systems: A survey of the
state-of-the-art and possible extensions. IEEE Transactions on Knowledge and Data Engineering, 17(6), pp.
734-749.

[2] Atanassov, K. T. (1986). Intuitionistic fuzzy sets. Fuzzy sets and Systems, 20 (1), 87-96.

[3] Batyrshin, .Z. (1990). On the structure of verbal scales. In: Proceedings of the Second All-Union Conference on
Artificial intelligence. Minsk, 1990, vol. 1, pp. 37-40.

[4] Batyrshin, I. (2011). Uncertainties with memory in construction of strict monotonic t-norms and t-conorms for
finite ordinal scales: basic definitions and applications. Applied and Computational Mathematics, vol. 10, 3,
2011, pp. 498-513.

[5] Batyrshin, I. (2013). Constructing time series shape association measures: Minkowski distance and data
standardization. In 2013 BRICS Congress on Computational Intelligence and 11th Brazilian Congress on
Computational Intelligence (BRICS-CCI & CBIC), (pp. 204-212). IEEE. https://arxiv.org/abs/1311.1958v3.


http://dx.doi.org/10.12700/APH.14.3.2017.3.3

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]
[24]

[25]
[26]

[27]
(28]

[29]
[30]
[31]

[32]

[33]

Batyrshin, I. Z. (2015). Association measures on [0, 1]. Journal of Intelligent & Fuzzy Systems, 29(3), pp. 1011-
1020.

Batyrshin, I. Z. (2015). On definition and construction of association measures. Journal of Intelligent & Fuzzy
Systems, 29(6), 2015, pp. 2319-2326.

Breese, J. S., Heckerman, D., & Kadie, C. (1998, July). Empirical analysis of predictive algorithms for
collaborative filtering. In Proceedings of the Fourteenth conference on Uncertainty in artificial intelligence (pp.
43-52). Morgan Kaufmann Publishers Inc.

Cambria, E., Olsher, D., & Rajagopal, D. (2014). SenticNet 3: a common and common-sense knowledge base for
cognition-driven sentiment analysis. In Proceedings of the twenty-eighth AAAI conference on artificial
intelligence (pp. 1515-1521). AAAI Press.

Chang, L. (1994). A psychometric evaluation of 4-point and 6-point Likert-type scales in relation to reliability
and validity. Applied Psychological Measurement, 18(3), 205-215.

Dubois, D., & Prade, H. (2006). Bipolar representations in reasoning, knowledge extraction and decision
processes. In International Conference on Rough Sets and Current Trends in Computing, pp. 15-26. Springer
Berlin Heidelberg.

Friborg, O., Martinussen, M., & Rosenvinge, J. H. (2006). Likert-based vs. semantic differential-based scorings of
positive psychological constructs: A psychometric comparison of two versions of a scale measuring resilience.
Personality and Individual Differences, 40(5), 873-884.

Goldberg, K., Roeder, T., Gupta, D., & Perkins, C. (2001). Eigentaste: A constant time collaborative filtering
algorithm. information retrieval, 4(2), 133-151.

Grabisch, M. (2006). Aggregation on bipolar scales. In Theory and applications of relational structures as
knowledge instruments Il (pp. 355-371). Springer Berlin Heidelberg.

Gunderman, R. B., & Chan, S. (2013). The 13-point Likert scale: a breakthrough in educational assessment.
Academic radiology, 20(11), 2013, pp. 1466-1467.

Herrera, F., & Herrera-Viedma, E. (2000). Linguistic decision analysis: steps for solving decision problems under
linguistic information. Fuzzy Sets and systems, 115(1), 67-82.

Hjermstad, M. J., Fayers, P. M., Haugen, et al (2011). Studies comparing numerical rating scales, verbal rating
scales, and visual analogue scales for assessment of pain intensity in adults: a systematic literature review.
Journal of Pain and Symptom Management, 41(6), 1073-1093.

Jang, J. S. R., Sun, C. T., & Mizutani, E. (1997). Neuro-Fuzzy and Soft Computing: A Computational Approach to
Learning and Machine Intelligence. Prentice Hall.

Juniper, E. F., Guyatt, G. H., Ferrie, P. J., & King, D. R. (1999). Development and validation of a questionnaire to
measure asthma control. European Respiratory Journal, 14(4), 902-907.

Likert, R. (1932). A technique for the measurement of attitudes. Archives of Psychology. Vol 22, No. 140, 1932,
pp. 55. New York.

Liu, J., & Seneff, S. (2009). Review sentiment scoring via a parse-and-paraphrase paradigm. In Proceed. 2009
Conference on Empirical Methods in Natural Language Processing: Vol. 1 (pp. 161-169). Association for
Computational Linguistics.

Mosier, C.I. (1941). A psychometric study of meaning. The Journal of Social Psychology, 13(1), 123-140.
Osgood, C.E. (1952). The nature and measurement of meaning. Psychological bulletin, 49(3), 197-237.

Petrenko V.F. (1988). Psychosemantics of consciousness. Moscow, Ripol Klassik. (In Russian: My3Tpy3sHko, B. ®.
(1988). McmxocyamaHTuKa co3HaHma. Punon Knaccuk).

Pfanzagl, J. (1971). Theory of measurement. Physica. Physica-Verlag Heidelberg.

Poria S, Gelbukh A, Cambria E, Hussain A & Huang G (2014). EmoSenticSpace: A novel framework for affective
commonsense reasoning, Knowledge-Based Systems, 69, pp. 108-123.

Pospelov D.A. (1989). Models of Reasoning. Essay in the Analysis of Mental Acts. Radio y Svyaz. Moscow.

Resnick, P., lacovou, N., Suchak, M., Bergstrom, P., Riedl, J. (1994). GroupLens: an open architecture for
collaborative filtering of netnews. In Proceedings of the 1994 ACM conference on Computer supported
cooperative work, pp. 175-186. ACM.

Ricci, F., Rokach, L., Shapira, B., Kantor P.B. (2011) Recommender Systems Handbook, Springer US.
Roberts, F. S. (1985). Measurement theory. Cambridge University Press.

Schafer, J. H. J. B., Frankowski, D., Herlocker, J., & Sen, S. (2007). Collaborative filtering recommender systems.
The adaptive web, 291-324.

Shardanand, U., & Maes, P. (1995). Social information filtering: algorithms for automating “word of mouth”. In
Proceedings of the SIGCHI conference on Human factors in computing systems (pp. 210-217). ACM
Press/Addison-Wesley Publishing Co.

Sugeno M. (1974) Thery of Fuzzy Integrals and its Applications. Dissertation. Tokio Institute of Technology.



[34]

[35]

[36]
[37]
[38]
[39]

[40]

[41]
[42]

Taboada, M., Brooke, J., Tofiloski, M., Voll, K., & Stede, M. (2011). Lexicon-based methods for sentiment
analysis. Computational linguistics, 37(2), 267-307.

Tarassov V.B. (2001). Analysis and modeling of NOT-factors on polar scales. In: Integrated Models and Soft
Computing in Artificial Intelligence, Moscow, Fismatlit, pp. 65-71. (In Russian: TapacoB B.b. AHanu3 n
MOAY31MpoBaHMy3 HY3-(hakTOpPOB Ha MOAAPHbLIX WKanax//MHTyarpmpoBaHHblyd MOAY3IN U MATKUYD
BbIYMC/Y3HNS B UCKYCCTBY3IHHOM WHTYa/U1y3KTy3. M.: Hayka. ®usmataut, 2001. - C.65-71).

Thelwall, M., Buckley, K., Paltoglou, G., Cai, D., & Kappas, A. (2010). Sentiment strength detection in short
informal text. Journal of the American Society for Information Science and Technology, 61(12), 2544-2558.

Thurstone, L. L. (1928). Attitudes can be measured. American Journal of Sociology, 33(4), 529-554.

Weijters, B., Cabooter, E., & Schillewaert, N. (2010). The effect of rating scale format on response styles: The
number of response categories and response category labels. International Journal of Research in Marketing,
27(3), 236-247.

Xu, Z. (2012). Linguistic decision making. Springer Berlin Heidelber.

Zadeh, L. A. The concept of a linguistic variable and its application to approximate reasoning.-I. Information
sciences, 8(3), 1975, pp. 199-249;

Il. Information sciences, 8(4), 1975, pp. 301-357.
Ill. Information sciences, 9(1), 1975, pp. 43-80.



