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An Advanced Face Glyph Design for Accessible Multivariate Cluster Analysis
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To facilitate more accessible and engaging cluster analysis for novice learners without computing background, we proposed three
innovative face glyph design ideas, which aim to provide a playful interaction experience and tackle existing challenges of face
glyph visualization. Preliminary results for one design idea echo with known challenges for face glyphs and indicate directions for
improvements. Evaluation is needed for the rest two face glyph design ideas.
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1 INTRODUCTION

It’s challenging for young learners to compute the differences between two multidimensional data points, or interpret
the shared or differentiating patterns of a subset, because the common core mathematics curriculum for K-12 covers
neither patterns in multivariate data nor Euclidean distance on multidimensional feature space [3]. Therefore, we are
exploring how to design beginner-friendly and engaging data visualization to facilitate novice learners to interpret
multidimensional data for cluster analysis, which is a common branch of pattern recognition [6].

Face glyph [2] is one type of the glyph-based data visualization that uses a graphical representation (e.g. a star, a
leaf, a bug [4, 18]) to represent individual multidimensional data points. By mapping each data attribute into a facial
feature such as eye radius and mouth width, face glyph takes advantage of people’s special processing capacity and
natural sensitivity to human faces [10], and has been applied to facilitate visual reasoning across various domains
[1, 5, 9, 15]. Although previous research proved face glyph’s effectiveness as a learning method for students’ science
learning [12] and pattern interpretation [16], design challenges remain [8, 9, 17], including the potential additional
cognitive load brought by translating glyph graphical features back to data attribute (c#1), the limited number of data
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attributes that a face glyph can afford (c#2), perceptual impact on interpretation (c#3). In this work, we proposed three
innovative face glyph design ideas and reported preliminary evaluation results to tackle these challenges.

2 HOVERING INTERACTION FOR FACE GLYPH AND EVALUATION RESULTS

Fig. 1. Design idea #1 - Hovering interaction: (a) Face
glyphs of field sites representing ecosystem clusters.
(b)&(c) Overlay for pairwise & groupwise comparison.

We utilized the face-overlay design [16] for novices to interpret
intra-cluster pattern (i.e. identify shared features through group-
wise comparison in Fig. 1(c)) and inter-cluster pattern (i.e. identify
differentiating features through pairwise comparison in Fig. 1(b)).
To eliminate potential cognitive load added by translating between
graphical features and data attributes (c#1), the hovering interac-
tion is designed: users can hover their cursor on different parts of the
face glyph to view the data attributes mapped to corresponding face
areas (Fig. 1(b)&(c)). Preliminary evaluation with novices indicate
manually hovering on face glyphs is still not sufficient for learners to

generate scientific explanation with minimum cognitive load and more automated scaffolding is needed [13].

Fig. 2. Design idea #2 and #3: Two innovative face glyphs

3 DISTORTED FACE GLYPH AND FACE-STAR COMBINATION GLYPH

For challenges c#2 and c#3 originated from the particular visualization - face, we proposed to employ the mechanism
of star glyphs [14, 19]. Compared to face glyphs, star glyphs have less perception-based bias and proximity-based bias
by mapping individual data attribute values to the length of evenly spaced rays emanating from center [17], offer more
flexibility in the number of data attributes. Existing work has proved its power in multivariate cluster analysis [7].

To address c#2 that the number of data attributes a face glyph can afford is constrained by the number of facial
features, we designed the distorted face glyph which translates individual data attribute values to corresponding
force that distorts the face glyph from a certain direction (Fig. 2(a)). With this design idea, the distortion effect can be
applied on the unlimited number of directions to generate glyphs for high-dimensional data. For c#3 that face glyph
with different data values may bring different perceptual impacts, we proposed a design idea: Face-Star combination
glyph which can turn this limitation into an advantage. With a breast cancer dataset [11], the data attribute about
whether a cell is benign or malignant can be mapped to mouth shape or brow slant so that benign cells produce
happy faces and malignant cells produce sad faces. And other cellular morphological attributes can be mapped to the
star-glyph features around the face which are more perceptually neutral to people. For future work, we will evaluate
the effectiveness of two innovative face glyphs and interaction improvements in supporting young learners to interpret
Manuscript submitted to ACM



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

An Advanced Face Glyph Design for Accessible Multivariate Cluster Analysis 3

patterns for different data analysis tasks besides cluster analysis. The evaluation will keep emphasizing on the three
challenges mentioned above (c#1, c#2, c#3).
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