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(57) ABSTRACT 

An automated assessment of various capabilities, such as 
cognitive, fine-motor, and memory skills, includes the use of 
Tangible Geometric Games (TAG-Games), which are a play 
based assessment tools. TAG-Games are based on Sensor 
Integrated Geometric Blocks (SIG-Blocks) and an interactive 
graphical user interface (GUI), which provide a means for 
real-time and remote monitoring of a user through operative 
communication between blocks and a remote computer. The 
data made available by employing TAG-Games includes: 1) 
block accelerations, 2) time at stages of assembly completion, 
3) total completion time for quizzes, and 4) correctness of 
assembly steps. In addition, a GUI can display the real-time 
assembly configuration of the blocks. 
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AUTOMATED ASSESSMENT OF COGNITIVE, 
FINE-MOTOR, AND MEMORY SKILLS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to, and any other 
benefit of, U.S. provisional patent application Ser. No. 
61/473.213, filed Apr. 8, 2011, entitled “SIG-Blocks & TAG 
Games.” The contents of this provisional application are fully 
incorporated herein by reference. 

BACKGROUND 

0002 Multiple biological and environmental factors 
related to child development are highly coupled. From birth, 
children's initial interactions with the environment are 
designed to foster increased cognitive, Social, emotional, and 
physical capabilities. 
0003 Cognitive reasoning and problem solving skills and 
spatial/fine motor proficiency are closely linked to learning 
capabilities. Research Suggests a reciprocal relationship 
between fine-motor skills and learning, such that these skills 
can be improved as one learns, and likewise, the development 
of fine-motor proficiency can improve one's general learning 
capabilities. Cognitive reasoning and problem solving are 
essential learning activities in both formal and informal edu 
cational settings. In addition, the concept of working 
memory, referring to “a brain system that provides temporary 
storage and manipulation of the information necessary for 
Such complex cognitive tasks as language comprehension, 
learning and reasoning is proven to be useful in analyzing 
the cognitive and learning processes involved in simple arith 
metic and understanding mental and cognitive development 
through childhood. 
0004. According to a report by the Center for Disease 
Control and Prevention (CDC), medical costs due to the 
developmental delays and related health problems are enor 
mous. In the United States, 17% of children have a develop 
mental or behavioral disability Such as autism, mental retar 
dation, and Attention Deficit/Hyperactivity Disorder (ADD/ 
AHD) resulting in an annual cost of $38,000 for those with 
lower levels of disability and more than $43,000 for those 
with higher levels of medical disabilities. Developmental 
health problems often last for life, causing not only tremen 
dous economic burdens to family, but also challenges that 
threaten the overall quality of the person's life. Due to the 
uniqueness of each case, these developmental problems are 
difficult to identify and treat. 
0005 Autism is characterized by a cognitive style biased 
towards local rather than global information processing. The 
challenges in assessing children with Autism Spectrum Dis 
order (ASD) are imposed by difficulties in addressing indi 
vidual differences and special circumstances. Most of the 
existing tests have a fixed set of problems that are difficult to 
adjust or modify. A play-based assessment approach may 
overcome issues associated with an unnatural, constrained 
environment. However, a play-based approach requires a 
well-trained professional to monitor the whole process with 
undivided attention. This is very expensive and labor inten 
sive. It could also make objective and systematic assessment 
difficult. However, play-based assessments can provide more 
detailed information about these children, better identify 
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weaknesses, and lead to earlier diagnoses and intervention 
targeted at Strengthening social, emotional and cognitive 
functioning. 
0006 Geometric blocks may be employed inexperimental 
studies on human behaviors and cognitive and fine-motor 
capabilities. Experiments using simple geometric blocks 
have demonstrated infants’ consistent understanding of how 
to rotate objects in order to fit them into an aperture beginning 
at the age of two. In psychological and educational aspects, 
research suggests that physical motion or play takes an impor 
tant role in learning and developing spatial abilities. Loco 
motion stimulates children's spatial imagery. Children can 
often solve problems when they are given concrete materials 
before solving them symbolically. Assessment of the cogni 
tive and fine motor skills is important for neuroscientists who 
often need to monitor or diagnose mentally injured individu 
als. Block Design and Object Assembly tests are a part of the 
WISC (Wechsler Intelligence Scale for Children) and WAIS 
(Wechsler Adult Intelligence Scale). 
0007 SIG-Blocks and TAG-Games provide low-cost, 
effective screening/diagnostic tools for detecting behavioral 
disorders and developmental delays through non-invasive, 
play-based assessment. 

SUMMARY 

0008. In one aspect, a block for use in assessing a user 
includes: a control unit; a power source: a movement sensorin 
circuit communication with the control unit for detecting 
movement of the block and generating and communicating to 
the control unit movement data from which at least one of the 
orientation of the block and other movement of the block can 
be determined; a transmitter in circuit communication with 
the control unit for transmitting movement data to a remote 
computer, and a cover enclosing the control unit, the power 
Source, the movement sensor, and the transmitter, the cover 
having at least six sides upon which the block can rest, each 
side having a face, and while the block is resting on a side, 
another side is facing upwards with its face exposed, and 
other sides are exposed or facing another block; and wherein 
the block is further characterized by any one or by any two or 
more of the following: at least one of the sides is capable of 
selectively presenting one of at least two different face images 
responsive to the control unit, each of the at least two different 
face images having a different symmetry selected from no 
symmetry, one-fold symmetry, two-fold symmetry, and four 
fold symmetry, permitting assessments of different difficul 
ties using the same block; each of the sides further comprises 
a proximity sensor in circuit communication with the control 
unit for detecting the positioning of an object proximate that 
side and generating and communicating to the control unit 
proximity data, the control unit transmitting via the transmit 
terproximity data for each block side to the remote computer; 
at least one of the sides has one or more indentations into 
which a piece may be inserted and each of the at least one 
sides further comprises a first sensor in circuit communica 
tion with the control unit for detecting the insertion of the 
piece into the indentation and generating and communicating 
to the control unit insertion data, the control unit transmitting 
via the transmitter insertion data for each of the at least one 
sides to the remote computer; each of the sides has at least one 
magnet positioned to physically couple to a second block 
when one face of the block is proximate to one face of the 
second block and their edges are aligned; and the block is one 
of a plurality of blocks in a block assembly, wherein move 
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ment of one or more of the plurality of blocks of the block 
assembly is limited by rotating or sliding mechanisms of the 
block assembly. 
0009. In another embodiment, a method of using a geo 
metric block to assess a user, includes: providing at least one 
block having a control unit in circuit communication with a 
transmitter and at least one movement sensor, the control unit 
capable of transmitting via the transmitter movement data 
corresponding to the movement of the block, and the control 
unit, the transmitter and the at least one movement sensor 
being positioned in an enclosure of the block; presenting to 
the user via a programmable display an image showing a 
target orientation of the at least one block and visual feedback 
based on user progress; the control unit performing at least 
one of automatically transmitting movement data about the 
block to a remote computer while the user manipulates the 
block toward the target orientation; automatically collecting 
movement data about the block while the user manipulates 
the block toward the target orientation and then later trans 
mitting movement data to a remote computer, and automati 
cally transmitting movement data about the block to an inter 
mediate device while the user manipulates the block toward 
the target orientation and then later transmitting movement 
data to a remote computer from the intermediate device, 
wherein the intermediate device is a local computer, a mobile 
phone, or a mobile device; generating an assessment of the 
user based at least in part on movement data transmitted to the 
remote computer by the control unit; Storing in a computer 
memory the movement data for later use; and displaying or 
transmitting the assessment of the user. 
0010. In yet another embodiment, a computer system 
capable of assessing a user using a geometric block includes: 
at least one block having a control unit in circuit communi 
cation with a transmitter and at least one movement sensor, 
the control unit capable of transmitting via the transmitter 
movement data corresponding to the movement of the block, 
the control unit, the transmitter and the at least one sensor 
being positioned in an enclosure of the block, and the control 
unit performing at least one of automatically transmitting 
movement data about the block to a remote computer while 
the user manipulates the block toward the target orientation; 
and automatically collecting movement data about the block 
while the user manipulates the block toward the target orien 
tation and then later transmitting movement data to a remote 
computer, a computer system having at least a first display for 
displaying an image showing a target orientation of the at 
least one block; a receiver for receiving movement data trans 
mitted by the control unit of the at least one block via the 
transmitter, and a processor configured to: generate anassess 
ment of the user based at least in part on movement data 
transmitted to the remote computer by the control unit; store 
in a memory of the computer system the movement data for 
later use; and display or transmit the assessment of the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. These and other features, aspects, and advantages of 
the present invention will become better understood with 
regard to the accompanying drawings, following description, 
and appended claims. 
0012 FIG. 1 is a picture showing an exemplary embodi 
ment of a user test environment showing exemplary SIG 
Blocks and an exemplary TAG-Game. 
0013 FIG. 2 is a picture showing an exemplary assessor 
interface and an exemplary remote computer. 
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0014 FIG. 3 is a drawing of exemplary SIG-Block types. 
0015 FIG. 4 includes pictures of an exemplary SIG-Block 
type with illuminated LEDs. 
0016 FIG. 5 includes drawings of exemplary 2x2 and 3x3 
TAG-Game patterns. 
0017 FIG. 6 includes additional drawings of exemplary 
2x2 and 3x3 TAG-Game patterns. 
0018 FIG. 7 includes additional drawings of exemplary 
2x2 and 3x3 TAG-Game patterns. 
0019 FIG. 8 is a drawing of an exemplary maze game. 
(0020 FIG. 9 is a drawing of an exemplary “ShakeShake” 
game interface. 
0021 FIG. 10 is a drawing of an exemplary SIG-Block. 
0022 FIG. 11 is a drawing of another exemplary SIG 
Block. 
0023 FIG. 12 is a drawing of another exemplary SIG 
Block. 
0024 FIG. 13 is a picture of exemplary electrical compo 
nents of an exemplary SIG-Block. 
(0025 FIG. 14 is a picture of an exemplary SIG-Block with 
an exemplary USB connector. 
(0026 FIG. 15 is a picture of anotherexemplary SIG-Block 
with a side removed. 
(0027 FIG. 16A is a picture of exemplary SIG-Blocks with 
illuminated LEDs. 
0028 FIG. 16B is a drawing of another exemplary SIG 
Block. 
0029 FIG. 17 is a drawing depicting an exemplary assem 
bly detection sequence. 
0030 FIG. 18 is a drawing of exemplary SIG-Block face 
images. 
0031 FIG. 19 is another drawing of exemplary SIG-Block 
face images with exemplary symmetry lines. 
0032 FIG. 20 is a picture of exemplary SIG-Blocks with 
exemplary face images. 
0033 FIG. 21 is a screenshot of an exemplary graphical 
user interface (GUI) during an exemplary TAG-Game. 
0034 FIG.22 is a drawing of an exemplary SIG-Block and 
GUI during an exemplary TAG-Game. 
0035 FIG. 23 includes pictures showing an exemplary 
embodiment of a user test environment showing exemplary 
SIG-Blocks and a user GUI; and a screenshot of an exemplary 
assessor GUI during an exemplary TAG-Game. 
0036 FIG. 24 includes a picture showing exemplary SIG 
Blocks; and a screenshot of an exemplary assessor GUI dur 
ing an exemplary TAG-Game. 
0037 FIG. 25 is a drawing of an exemplary tilt angle. 
0038 FIG. 26 is a drawing of exemplary pitch and roll 
angles. 
0039 FIG. 27 includes graphs of exemplary accelerations 
during motion. 
0040 FIG. 28 includes graphs of exemplary amplitudes at 
different frequencies. 
0041 FIG. 29 is a flowchart of an exemplary assembly 
detection method. 
0042 FIG. 30 is a drawing of exemplary SIG-Block face 
images for exemplary TAG-Game quizzes. 
0043 FIG.31 is a drawing of exemplary two-dimensional 
geometric shapes with different symmetry features and cor 
responding entropy values. 
0044 FIG. 32 is a graph showing exemplary changes in 
entropy during assembly. 
0045 FIG. 33 is a graph showing exemplary entropy 
reduction during assembly. 
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0046 FIG. 34 includes graphs showing exemplary quiz 
complexity and associated completion time. 
0047 FIG. 35 is a flowchart of an exemplary assessment 
method using an exemplary SIG-Block and an exemplary 
TAG-Game. 
0048 FIG. 36 is a screenshot of an exemplary Assembly 
Game administrator/assessor GUI. 
0049 FIG. 37 is a screenshot of an exemplary Assembly 
Game player/user GUI. 
0050 FIG. 38 is a screenshot of an exemplary Shape 
Matching Game administrator/assessor GUI. 
0051 FIG. 39 is a screenshot of an exemplary Shape 
Matching Game player/user GUI. 
0052 FIG. 40 is a screenshot of an exemplary Sequence 
Memory Game administrator/assessor GUI. 
0053 FIG. 41 is a screenshot of an exemplary Sequence 
Memory Game player/user GUI. 
0054 FIG. 42 is a graph of exemplary scoring of an exem 
plary Assembly Game. 
0055 FIG. 43 is a graph of exemplary scoring of an exem 
plary Shape Matching Game. 
0056 FIG. 44 is a graph of exemplary scoring of an exem 
plary Sequence Memory Game. 
0057 FIG.45 is a graph of exemplary play complexity and 
performance for an exemplary Assembly Game. 
0058 FIG.46 is a graph of exemplary play complexity and 
performance for an exemplary Shape Matching Game. 
0059 FIG.47 is a graph of exemplary play complexity and 
performance for an exemplary Sequence Memory Game. 

DETAILED DESCRIPTION 

0060. The following paragraphs include definitions of 
exemplary terms used within this disclosure. Except where 
noted otherwise, variants of all terms, including singular 
forms, plural forms, and other affixed forms, fall within each 
exemplary term meaning Except where noted otherwise, 
capitalized and non-capitalized forms of all terms fall within 
each meaning. 
0061 “Circuit, as used herein includes, but is not limited 
to, hardware, firmware, Software or combinations of each to 
perform a function(s) or an action(s). For example, based on 
a desired feature or need, a circuit may include a software 
controlled microprocessor, discrete logic Such as an applica 
tion specific integrated circuit (ASIC), or other programmed 
logic device. A circuit may also be fully embodied as soft 
ware. As used herein, "circuit' is considered synonymous 
with “logic.” 
0062 “Comprising.” “containing.” “having, and “includ 
ing.” as used herein, except where noted otherwise, are syn 
onymous and open-ended. In other words, usage of any of 
these terms (or variants thereof) does not exclude one or more 
additional elements or method steps from being added in 
combination with one or more enumerated elements or 
method steps. 
0063 “Controller,” as used herein includes, but is not lim 
ited to, any circuit or device that coordinates and controls the 
operation of one or more input or output devices. For 
example, a controller can include a device having one or more 
processors, microprocessors, or central processing units 
(CPUs) capable of being programmed to perform input or 
output functions. 
0064 “Logic, as used herein includes, but is not limited 

to, hardware, firmware, Software or combinations of each to 
perform a function(s) or an action(s), or to cause a function or 
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action from another component. For example, based on a 
desired application or need, logic may include a software 
controlled microprocessor, discrete logic Such as an applica 
tion specific integrated circuit (ASIC), or other programmed 
logic device. Logic may also be fully embodied as Software. 
As used herein, “logic' is considered synonymous with “cir 
cuit. 

0065 “Measurement,” as used herein includes, but is not 
limited to, an extent, magnitude, size, capacity, amount, 
dimension, characteristic or quantity ascertained by measur 
ing. Example measurements are provided, but Such examples 
are not intended to limit the scope of measurements the sys 
tems and methods described herein can employ. 
0.066 “Operative communication, as used herein 
includes, but is not limited to, a communicative relationship 
between devices, logic, or circuits, including mechanical and 
pneumatic relationships. Direct electrical, electromagnetic, 
and optical connections and indirect electrical, electromag 
netic, and optical connections are examples of such commu 
nications. Linkages, gears, chains, push rods, cams, keys, 
attaching hardware, and other components facilitating 
mechanical connections are also examples of Such commu 
nications. Pneumatic devices and interconnecting pneumatic 
tubing may also contribute to operative communications. 
Two devices are in operative communication if an action from 
one causes an effect in the other, regardless of whether the 
action is modified by some other device. For example, two 
devices separated by one or more of the following: i) ampli 
fiers, ii) filters, iii) transformers, iv) optical isolators, v) digi 
tal or analog buffers, vi) analog integrators, vii) other elec 
tronic circuitry, viii) fiber optic transceivers, ix) Bluetooth 
communications links, X) 802.11 communications links, Xi) 
satellite communication links, and xii) other wireless com 
munication links. As another example, an electromagnetic 
sensor is in operative communication with a signal if it 
receives electromagnetic radiation from the signal. As a final 
example, two devices not directly connected to each other, but 
both capable of interfacing with a third device, e.g., a central 
processing unit (CPU), are in operative communication. 
0067. “Or, as used herein, except where noted otherwise, 

is inclusive, rather than exclusive. In other words, 'or' is used 
to describe a list of alternative things in which one may 
choose one option or any combination of alternative options. 
For example, “A or B' means “A or B or both” and “A, B, or 
C’ means A, B, or C, in any combination.” If 'or' is used to 
indicate an exclusive choice of alternatives or if there is any 
limitation on combinations of alternatives, the list of alterna 
tives specifically indicates that choices are exclusive or that 
certain combinations are not included. For example, “A or B. 
but not both' is used to indicate use of an exclusive 'or' 
condition. Similarly, A, B, or C, but no combinations” and 
"A, B, or C, but not the combination of A, B, and C are 
examples where certain combination of alternatives are not 
included in the choices associated with the list. 

0068 “Processor,” as used herein includes, but is not lim 
ited to, one or more of virtually any number of processor 
systems or stand-alone processors, such as microprocessors, 
microcontrollers, central processing units (CPUs), and digital 
signal processors (DSPs), in any combination. The processor 
may be associated with various other circuits that Support 
operation of the processor, Such as random access memory 
(RAM), read-only memory (ROM), programmable read-only 
memory (PROM), erasable programmable read-only 
memory (EPROM), clocks, decoders, memory controllers, or 
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interrupt controllers, etc. These Support circuits may be inter 
nal or external to the processor or its associated electronic 
packaging. The Support circuits are in operative communica 
tion with the processor. The Support circuits are not necessar 
ily shown separate from the processor in block diagrams or 
other drawings. 
0069. “Signal as used herein includes, but is not limited 

to, one or more electrical signals, including analog or digital 
signals, one or more computer instructions, a bit orbit stream, 
or the like. 

0070 “Software, as used herein includes, but is not lim 
ited to, one or more computer readable or executable instruc 
tions that cause a computer or other electronic device to 
perform functions, actions, or behave in a desired manner. 
The instructions may be embodied in various forms such as 
routines, algorithms, modules or programs including separate 
applications or code from dynamically linked libraries. Soft 
ware may also be implemented in various forms such as a 
stand-alone program, a function call, a servlet, an applet, 
instructions stored in a memory, part of an operating system 
or other type of executable instructions. It will be appreciated 
by one of ordinary skill in the art that the form of software is 
dependent on, for example, requirements of a desired appli 
cation, the environment it runs on, or the desires of a designer/ 
programmer or the like. 
0071 Tangible Geometric Games (TAG-Games) is a play 
based assessment tool that may be used for measuring various 
capabilities, for example, cognitive problem-solving, fine 
motor, and working memory skills. TAG-Games are based on 
sensor-integrated geometric blocks (SIG-Blocks) and an 
interactive graphical user interface (GUI) providing a means 
for real-time and remote monitoring of a user through opera 
tive communication between blocks and a host or remote 
computer. The data made available by employing TAG 
Games may includes, among others: 1) block accelerations, 
2) time at stages of assembly completion, 3) total completion 
time for quizzes, and 4) correctness of assembly steps. In 
addition, a GUI can display the real-time assembly configu 
ration of the blocks. 

0072 SIG-Blocks are intended for use in assessments that 
are similar to a game style of play. In one embodiment, a user 
may be instructed to manipulate a set of blocks to achieve a 
goal assembly configuration provided by an interactive GUI. 
The interactive GUI may also provide real-time animation of 
the assembly configurations of the blocks. This function 
allows an assessor to observe the manipulation patterns and 
performance of a user during play without requiring an exter 
nal video camera recording the entire process. To provide a 
computational method for analyzing the complexity associ 
ated with manipulating the geometric blocks, a quantitative 
measure of play complexity based on configurational entropy 
reduction and/or geometric properties can be utilized. 
0073. As shown in FIG. 1, a TAG-Games system 100 
utilizes SIG-Blocks 102 and, for example, an interactive GUI 
104. The TAG-Games system 100 may also provide real-time 
and remote monitoring of a user 106 through, for example, 
wireless operative communication between SIG-Blocks 102 
and an assessor interface 108, which may be, for example, a 
remote computer 110, as shown in FIG. 2. 
0074) Referring to FIG. 3, three exemplary types of SIG 
Blocks are shown: SIG-Block 300 for reconfiguration, SIG 
Block 302 for insertion, and SIG-Block 304 for assembly. 
The exemplary SIG-Block 300 for reconfiguration is a block 
assembly including a plurality of blocks 306, where move 
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ment of one or more blocks 306 is limited by rotating or 
sliding mechanisms of the block assembly. The plurality of 
blocks 306 in the SIG-Block 300 may be any one or combi 
nation of other SIG-Blocks. The exemplary SIG-Block 302 
for insertion includes an exemplary base 310 and exemplary 
shape blocks 312, where the base 310 has shaped openings 
314 for receiving corresponding shape blocks 312. Either the 
base 310 or the shape blocks 312 may have sensors for detect 
ing insertion of any particular shape block 312. The exem 
plary SIG-Block 304 for assembly includes exemplary 
removable pieces 316, where the block has shaped indenta 
tions 318 for receiving corresponding pieces 316. Either the 
pieces 316 or the indentations 318 may have sensors for 
detecting insertion of any particular piece 316 into an inden 
tation 318. Any of these exemplary SIG-Blocks may also 
include various features, including, for example, communi 
cation capabilities and sensors for identifying movement and 
position, as described in more detail below. Various features 
of any of the exemplary SIG-Blocks may be combined or 
modified to Suit any particular application. For example, an 
exemplary SIG-Block may not have removable pieces for 
insertion into the sides of the block, but may be configured for 
use as a stand-alone block or for use in conjunction with other 
blocks. SIG-Blocks can be selected for designed play with a 
certain level of complexity. SIG-Blocks can also be selected 
for sequential play involving more than one type of SIG 
Block, where, for example, the entire play will require 
completion of both insertion and reconfiguration. FIG. 4 
shows another set of exemplary SIG-Blocks: five cube 
shaped, lamp (e.g., LED) installed blocks 402. These blocks 
402 may have color-changing LEDs 404 to provide visual 
feedback to the user, Such as manipulation status/speed and/ 
or correctness of assembly. 
0075 Various types of TAG-Game assessments, designed 
as geometric games, can include, for example: TAG-Game" 
for assembly; TAG-Game for shape matching; and TAG 
Game for sequence memory. For example, TAG-Game" 
may be a puzzle game in which the user/player is asked to 
recreate a displayed image using the SIG-Blocks. TAG 
Game may be a problem-solving game in which the user tries 
to figure out the visual relationships within an image in order 
to complete the pattern. The user's answer may be displayed 
by placing a SIG-Block with the correct image in the correct 
orientation face up. TAG-Game" may be a memory game that 
involves remembering a sequence of images and then replay 
ing them back using a SIG-Block. A sequence of images is 
displayed by flashing each image at a time and the user 
replays the image sequence by rotating the block and placing 
it with the correct face up sequentially. All of the images can 
be displayed at once for a certain amount of time. In this 
example, the user's answer is displayed similarly to TAG 
Game" by placing the SIG-Blocks with correct images and 
orientations in exact locations. 

0076. To assess an individual's intellectual and cognitive 
capability, testing tasks should be neither too difficult nor too 
easy to effectively capture individual differences. Unfortu 
nately, standardized tests may lose sensitivity at their mar 
gins. Computational modeling and complexity analyses play 
a role in physical design and dynamic reconfiguration of 
SIG-Blocks for customized cognitive assessment. When a 
Subject presents a particular condition, SIG-Blocks may have 
a first configuration that is used for a first baseline task. Then, 
the difficulty of the TAG-Game tasks and/or the displays on 
the SIG-Blocks can be changed to make the assessment tasks 
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harder or easier and thus more appropriate for a testing, 
rehabilitation, or analysis session. In this way, testing sensi 
tivity may be maintained, even at traditional margins, by 
allowing dynamic reconfiguration. 
0077 Cognitive development involves a number of exter 
nal and internal factors that influence the speed of the devel 
opmental process and the level of cognitive capacities. Due to 
the complex nature of intellectual and cognitive mechanisms, 
the actual effect of impaired senses is difficult to measure. 
Individual performance and behavioral patterns during play 
with SIG-Blocks/TAG-Games can be measured through pat 
tern recognition and motion detection of the SIG-Blocks. The 
blocks may be configured with a timer to measure the time for 
significant events (e.g., completion of assembly for the first 
block). To assess certain aspects of coupled cognitive capac 
ity and influences of impaired senses, SIG-Blocks may be 
easily transformed to change the level of play complexity, 
Such as, for example, by simply increasing the number of 
blocks. SIG-Blocks may also be constructed to capture the 
effects of different types of sensory feedback. As shown in 
Table 1, different blocks may be reprogrammed for specific 
experiments to provide or remove additional sensory feed 
back during play, also referred to as the level of Support 
during play. 

TABLE 1. 

SIG-Blocks can be transformative to Support various experiments. 

Block Types NCNS CANS NCS CS 

SIG-Block Sight Enhanced Sight 
SIG-Block Touch Sight Hearing 
SIG-Block Touch Touch 

Enhanced Sight 
Hearing 
Touch 

NC: Non-Color coded; 
NS: No Sound; 
C: Color Coded enhanced; 
S: Sound enabled 

0078 Regarding the exemplary TAG-Games mentioned 
above, each is intended to test a different sub-set of psycho 
logical, developmental, and motor skills, as shown in Table 2. 
as well as be interactive and fun for the user. A user profi 
ciency at a certain game is reflected in the time taken to 
complete it and the accuracy of the answer. Additional behav 
ioral data, Such as spatial manipulation skills, overall speed of 
motions, dominant frequency of hand motions, repetitive or 
hyperactive activities, and estimated manipulation trajecto 
ries can be also obtained by analyzing the sensor data. Exem 
plary games include Assembly, Shape Matching, and 
Sequence Memory, and are described in more detail below. 

TABLE 2 

Three types of TAG-Games with related cognitive 
skills and behavioral data available. 

TAG-Game Types Associated Cognitive Skills 

TAG-Game Fine-motor proficiency; Visual-motor integration; 
Assembly Low-level working memory 
TAG-Game Fine-motor proficiency; Visual-motor integration; 
Shape Matching Low-level working memory; Cognitive problem 

Solving; Conceptual reasoning 
TAG-Game' Fine motor proficiency; Visual-motor integration; 
Sequence Memory High-level working memory; Attention span 
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Assembly Game 
007.9 The assembly game is a puzzle game in which the 
user is trying to recreate a displayed image using the SIG 
Blocks. FIG. 5 shows assembly game examples of 2x2 (502) 
and 3x3 (504) game patterns with and without dividing lines. 
The user is shown a pattern like those seen in FIG.5 and then 
must rotate and rearrange the blocks to find the correct images 
to recreate the pattern using images on the faces of the blocks. 
The difficulty and interest of this task comes from the 
manipulation of the blocks by the user's hands to find the 
correct images, the size of the pattern, and the distinguish 
ability of the images on the block faces within the goal image. 
The distinguishability of the patterns can be decreased in 
order to make them more difficult by removing the lines 506 
separating the pattern components. This change results in the 
big picture being more prominent in the patterns than the 
individual block face images. FIG. 5 demonstrates this by 
showing the same three patterns with and without dividing 
lines 506 between the block faces required to make the goal 
image. Most noticeably, the far right goal image looks like a 
W508 when viewed without dividing lines 506, but when 
the dividing lines 506 are added, it becomes clear that it is 
simply comprised of four triangular block faces 510. 

Shape Matching Game 
0080. The shape matching game is a problem solving 
game in which the user tries to figure out the visual relation 
ships within an image pattern, in order to complete the pattern 
with the last (missing) image. FIG. 6 shows shape-matching 
game examples of 2x2 (602) and 3x3 (604) game patterns. It 
is played by placing a SIG-Block with the correct image in the 
correct orientation face up. From these examples, it can be 
seen that a variety of methods need to be used to figure out 
what image completes the pattern in the blank location iden 
tified with, for example, a question mark. The most basic 
pattern 606, seen in the top left of FIG. 7, is based on sym 
metry (or a mirrored image), in this case about the vertical 
axis. Identifying rotation relationships is important in solving 
the top middle 608 and bottom right 610 patterns. For the top 
right pattern 612, the colored compliment of the image must 
be identified. In the bottom left pattern 614, the difference 
between images within the rows is used to determine the 
missing image. Another variation of this game is shown in 
FIG. 7, where a SIG-Block with colored faces 702 may be 
used. 

Sequence Memory Game 
0081. The sequence memory game is a game that involves 
remembering a sequence of images and then replaying them 
back using a SIG-Block. The sequences can be displayed by 
showing all the images at once for a certain amount of time or 
each image can be flashed one at a time in sequence. The user 
replays the image sequence by rotating a block and placing it 
with the correct face up sequentially. Different face image 
pattern sets may be used, for example, a set of six different 
colors (red, blue, green, yellow, purple, and white) and the set 
of geometric patterns used in the other two games. The diffi 
culty associated with remembering a sequence is related to 
what image set is used, the length/size of the pattern, and the 
number of repeating elements within the sequence. 
Other Games 

0082. The three TAG-Games described above are 
designed primarily for performance assessment. However, 
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SIG-Blocks can function as a technology platform that can be 
used for a wide range of games for entertainment and educa 
tional purposes. For example, another exemplary game is a 
maze traversal game in which the user is presented with a 
maze that can be navigated by rotating a SIG-Block in the 
direction they wish to travel. This game is mostly for enter 
tainment, but it does require working memory and problem 
Solving skills in addition to good fine motor control. The 
game can be played as a single player or a multiple player 
game, with players competing to get to the goal location. The 
mazes may be randomly generated with varying complexity 
and may include options to incorporate extra points for vis 
iting certain locations in the maze other than the goal location, 
sound or tactile (e.g., vibration) effects for moving different 
directions, and a choice of cursor pictures. A sample maze 
802 can be seen in FIG. 8. Another exemplary game is 
“ShakeShake.” and is intended to measure the response time 
to various stimuli. It is played by shaking SIG-Blocks in each 
hand as fast as possible in response to visual and audio sig 
nals. It may also be played by selecting a SIG-Block with a 
matching shape among many SIG-Blocks and then shaking it. 
The game interface 902 with a visual stimulus can be seen in 
FIG. 9. 

0.083 SIG-Blocks and TAG-Games are useful in multidis 
ciplinary research activities related to early childhood educa 
tion, child development, special education, rehabilitation for 
the elderly and people with disabilities, Science, Technology, 
Engineering, and Mathematics (STEM) education for young 
children, etc. SIG-Blocks and TAG-Games may also be used 
for game playing, including online, multi-player online, mas 
sively online, and other gaming. The GUI provides a user 
friendly real-time feedback and data analysis system that can 
be utilized locally or remotely. For example, data may be 
transmitted wirelessly to a local device (e.g., a mobile or 
Smart device, Smart phone, tablet computer, and other por 
table or wi-fi devices) and then transferred to a remote device, 
via, for example, a network (e.g., Internet, mobile telephone 
network) or portable device (e.g., USB or flash memory), 
which can be utilized by an assessor. 
0084 TAG-Games may utilize one or more SIG-Blocks 
and one or more GUIs that may utilize wireless communica 
tion for operative communication with other devices, such as, 
for example, a remote computer or other blocks, as shown, for 
example, in FIGS. 1 and 2. From the user's standpoint, the 
SIG-Blocks 102 may be used much like game controls to play 
TAG-Games. A GUI 104 may provide instructions and feed 
back to the user 106. The same or another GUI 108 may 
provide assessment information to an assessor via, for 
example, the remote computer 110. 
0085 Exemplary SIG-Blocks may consist of a set of cube 
blocks with embedded hardware, software, logic, circuits, 
controllers, processors, and other electronic components for 
automated and wireless measurements of performance and 
behavioral data. A SIG-Block may contain a number of com 
ponents that enable the block to sense and communicate 
various data. For example, a SIG-Block may include a power 
Source (e.g., rechargeable batteries), a bi-directional (wire 
less) communication module for operative communication 
with other blocks and/or other devices (including, e.g., 
remote computer), one or more movement/motion sensors, 
one or more proximity/position sensors, a controller, a pro 
cessor, and an integrated circuit, among other components. 
Sensors may also detect assemblies and manipulative 
motions. Wireless communication may be used for data col 
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lection, reprogramming, and sensory feedback mechanisms. 
Examples of embedded sensors that make these capabilities 
possible include gyroscopic sensors, tri-axial accelerometers, 
optical sensors, and electromechanical contact sensors. SIG 
Blocks may also be capable of providing sensory feedback to 
the user via, for example, reprogrammable LED patterns on 
the surface of the blocks (visual), a piezzo buzzer (auditory), 
or a vibration motor (tactile). Exemplary blocks may be about 
2.75 inches in length along each side and weigh about half a 
pound. 
I0086 Referring to FIG. 10, an exemplary cube-shaped 
SIG-Block 1000 with a layered design is shown with a tri 
axial accelerometer 1002 (e.g., Freescale Semiconductor 
MMA7260Q) to measure manipulative motions, a microcon 
troller/microprocessor 1004 (e.g., ATMEL ATMEGA328), 
six reflective optical sensors 1006 to detect assembly among 
the blocks (one on each face of the cube), a wireless commu 
nication module 1008 (e.g., XBee(R), and four AAA batteries 
1010. FIGS. 11 and 12 show another exemplary block 1100 
where most of electronic components are Surface-mounted, 
which reduces the weight and size of the overall block 1100. 
This block 1100 may also include a 128 Kbyte ISP flash 
memory card, a 4 Kbyte EEPROM, 8 Kbytes SRAM, and 86 
general-purpose I/O lines (not shown). The I/O lines are used 
to collect inputs from the sensors and execute sensory feed 
back functions. For example, as shown in FIG. 11, this block 
1100 includes an 8-bit microcontroller/microprocessor 1102 
(e.g., ATMEL ATMEGA1280), which may control and 
execute application programs and handle sensor-collected 
data. One skilled in the art will appreciate that other designs 
may be employed. 
I0087 FIG. 11 also shows exemplary Li-ion batteries 1104, 
a USB to Serial circuit 1106, ball magnets 1108 (in each 
corner), a piezo buZZer 1110, a wireless communication mod 
ule 1112 (e.g., XBeeR), and a USB mini-b port 1114. Ball 
magnets 1108 may be used to assist close assembly and 
alignment of one SIG-Block 1100 to another 1100. The piezo 
buzzer 1110 is an exemplary device for auditory feedback. 
The USB mini-b port 1114 may be utilized for operative 
communication to and from the block 1100, as well as for 
charging of the exemplary rechargeable batteries 1104. 
I0088 FIG. 12 shows exemplary spring-loaded pin con 
nectors 1116 (shown as 4 pairs per side), a gyroscope 1118, a 
tri-axial accelerometer 1120, and LED driver 1122. The 
spring-loaded pin connectors 1116 are exemplary proximity 
sensors, and are described in more detail below and shown in 
FIGS. 14 and 15. The gyroscope 1118 and tri-axial acceler 
ometer 1120 are exemplary motion sensors, and are also 
described in more detail below. The LED driver 1122 is used 
to drive LEDs on the surfaces of the block 1100. The combi 
nations of LEDs may be reconfigurable and reprogrammed to 
display various images on the Surfaces on the sides of the 
block 1100. The LEDs are described in more detail below and 
shown illuminated in FIG. 16. 

I0089 FIG. 13 is a picture of electrical components of an 
exemplary SIG-Block. In this embodiment, the SIG-Block 
comprises two assemblies, where the first assembly 1302 
includes electronics for three sides of an exemplary SIG 
Block, and the second assembly 1304 includes electronics for 
the other three sides of the exemplary SIG-Block and an 
electronics core Supporting the general features of the SIG 
Block. When assembled together, the exemplary assemblies 
1302, 1304 form the electronics of an exemplary SIG-Block 
cube, such as, for example block 1100. FIG. 13 includes 
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exemplary circuit boards forming the assemblies, each also 
with exemplary LEDs 1306 mounted on the surfaces of the 
circuit boards facing the outside of the block. 
0090 FIG. 14 is a picture of an exemplary SIG-Block 
1400 with exemplary sides 1402 covering electronic compo 
nents, such as, for example, the electronic assemblies shown 
in FIG. 13. As shown in FIG. 14, each side may include one or 
more spring-loaded proximity sensors 1404. These sensors 
1404 may include two spring-loaded pins 1406 for making 
contact with a corresponding conductive Surface 1408 on a 
mating block 1400. When assembled next to each other, a 
circuit including a pair of the spring-loaded pins 1406 is 
completed when contact is made with the conductive Surface 
1408 from another block 1400. In this manner, it can be 
determined that one block 1400 is in proximity to another 
block 1400. Multiple sets of these, or other, exemplary prox 
imity sensors 1404 on each side of the SIG-Block 1400 may 
also allow for the determination of the relative orientations of 
the block 1400 faces. Other proximity sensors include, for 
example, electromagnetic transmitter/receiver pairs and 
spring-loaded Switches (where, for example, mechanical 
actuation of an actuator on the face of the block 1400 changes 
the state of an electrical circuit associated with that face of the 
block 1400) mounted on a block 1400 face. FIG. 14 also 
shows an exemplary USB connector 1410 connected to the 
block 1400. 

0091 FIG. 15 is a picture of an exemplary SIG-Block 
1500 with exemplary sides 1402 covering electronic compo 
nents, such as, for example, the electronic assemblies 1302, 
1304 shown in FIG. 13. However, in FIG. 15, one of the sides 
is removed to show an exemplary side piece 1502 that may 
isolate particular areas of the block face to be illuminated by 
the exemplary LEDs 1504. In this example, each side 
includes eight individual areas that may be each illuminated 
by two of the exemplary LEDs 1504 described above. The 
side piece 1502 also includes holes for the spring-loaded pins 
1406 to pass through and openings 1506 in the corners for 
exemplary ball magnets. 
0092 FIG. 16A is a picture of five exemplary SIG-Blocks 
with different colored LEDs illuminating various areas 1602 
of the exemplary blocks. As shown, by illuminating different 
areas 1602 of the block faces, various geometric images may 
be displayed on each block face of each block. FIG. 16B is a 
drawing of another exemplary SIG-Block 1602 with features 
similar to those described above, but with a more complex 
array of LEDs 1604 to facilitate displaying a variety of colors 
and shapes on the block 1602 faces. 
0093. A motion sensor (e.g., accelerometer, gyroscope, or 
other) can communicate whether and how much a block is 
moving and a proximity/position sensor (e.g., optical, elec 
tromechanical, or other), which may be placedon each face of 
the block, can communicate whethera particular block face is 
covered or located next to another block. In one embodiment, 
one or more motion sensors of an exemplary SIG-Block are 
included in an Inertial Measurement Unit (IMU). The com 
munication module can transfer raw or processed sensor data 
to an assessor device (e.g., remote computer). Each block has 
a unique identifier (ID) so that the remote computer is able to 
distinguish the blocks from each other and be able to recon 
struct the three-dimensional relative locations of the blocks. 
In addition, wireless operative communication among SIG 
Blocks can facilitate peer-to-peer pattern recognition and 
assembly recognition among the blocks themselves. 
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0094. Various sensors can be used to determine a block's 
position, relationship with other blocks, and relationship with 
the user. For example, a SIG-Block may have a pattern of 
magnets internal to the block that correspond to an identical 
pattern of magnetic Switches or Hall effect sensors on another 
SIG-Block. These sensors can detect when a block has been 
correctly attached to another block or a peg has been placed in 
a hole. Other SIG-Blocks may use inductive coils or LEDs 
and photo-detectors to operatively communicate identifica 
tion information between blocks. Tactile sensors that sense 
pressure, temperature sensors, optical proximity sensors, or 
even resistive sensors that sense hand resistance (perspira 
tion) may be built into the surfaces of the SIG-Blocks to detect 
gripping of the SIG-Block. In another example, a SIG-Block 
may use a tilt Switch instead of or in addition to other position 
or motion sensors, such as accelerometers and gyroscopes. 
SIG-Blocks may also include features that provide different 
levels of feedback to Support activities during an assessment 
(e.g., active optical, audio, or vibration feedback to the user 
based on goals or performance). In other embodiments, mag 
nets may assist in proper assembly or alignment of blocks. 
0.095 Exemplary SIG-Blocks may also incorporate min 
iature MEMS sensors, including “mote' and “smart dust.” 
that may incorporate many sensors and wireless communica 
tion elements into packages that may be approximately one 
cubic centimeter or less. An exemplary mote that may be 
utilized in a SIG-Block is the Crossbow Imote2. This mote 
incorporates a Texas Instruments 2.4 GHZ radio transceiver 
that can provide 250 kb/s data transmission in 16 channels. 
Communications protocols for complex networks of sensor 
equipped motes include, for example, TinyOS and Zigbee. 
0096. In one example, measurement data from integrated 
sensors may include full angular and linear accelerations, 
assembly detection, pattern recognition, grasping detection, 
and the incremental and discrete times for significant events. 
In one example, the data of interest from the SIG-Blocks will 
include: i) time to completion of placement of all blocks and 
total completion time, ii) number of blocks correctly placed, 
iii) number of perseverative errors, and iv) amount of support 
(or additional sensory feedback) needed to correctly com 
plete the task. 
0097. The exemplary embedded sensors and timer in the 
microprocessor may develop the following information: 
accuracy of manipulations; time at each manipulation step; 
total time; and other behavioral characteristics. In terms of 
accuracy of manipulations, step-by-step correctness/incor 
rectness may be detected at each manipulation step, and thus 
the total detection notifications may exceed the minimum 
number of steps required for completing each quiz because a 
user may assemble a block incorrectly and then disassemble 
and reassemble it correctly. Incremental time may be mea 
Sured at each manipulation completion; and the total comple 
tion time may be measured at each item completion, where 
each item may involve several manipulation steps. Tri-axial 
accelerations of the blocks may be measured, for example, 
every 0.06 seconds. Further data analysis may produce addi 
tional behavioral information, such as dominant frequency of 
motion, maximum and average speed/acceleration of 
motions, and manipulation patterns. Such behavioral data 
may be useful in observing manipulative pattern changes and 
strategic behavior in individuals who use TAG-Games over 
time. 
0098. In one embodiment, the exemplary microprocessor 
embedded in each block can perform on-board, low-level data 
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processing, such as noise filtration for the acceleration data. 
The raw acceleration data derived from the exemplary accel 
erometer may be first filtered with a low-pass filter and fed 
into a 3-point Smoothing method. The resulting data may then 
be sent to a remote computer for analysis through enabled 
wireless communication. During operative communication, 
the wireless data package may contain ten data packets. For 
example, the first packet may include the block ID number, 2: 
which facilitates distinction between blocks. The next six 
packets may include raw proximity sensor data correspond 
ing to the assembly status of each block face. In the case of an 
optical proximity sensor, the values may be 0 if the sensor is 
covered (i.e., the face is covered by another block) and 1 if it 
is not. The last 3 packets may correspond to the acceleration 
data in the X, y, and Z directions and may have values ranging 
between -1.0 g and 1.0 g. 
0099 Table 3 summarizes data that may be available from 
exemplary embedded sensors, pre-processed data via 
onboard processing, and target assessor data. 

Embedded Sensors and corresponding raw sensor data and processed data. 

Sensors 

Optical sensor 
(proximity) 
Other 
proximity 
SSC 

Contact sensor 
Accelerometer 

Gyroscopic 
Timer 

01.00 

TABLE 3 

Raw Sensor Data 

O if the block face is 
covered: 1 otherwise 
Proximity to other 
blocks 

Mechanical contact 
Accelerations along X-, 
y- and Z-axes; 
orientation of the 
block relative to the 
gravity direction 
Angular velocities 
Synchronized time at 
each detected event 

Pre-processed Data 

Filtered tri-axial 
accelerations 
Manipulative motions 
Dominant frequency 
of motion 
Manipulation speed 
Rotational motion 
Time at each assembly 
step 
Connection assembly 
status between blocks 
Time at lifting blocks 

: end if 

Assessor Data 

Real-time assembly 
detection 
Incremental and total 
correctneSS 
Incremental and total 
completion time 
Additional behavioral 
data 

The pre-processed data received by the remote com 
puter may be further analyzed to provide assessor data, 
including: a) real-time assembly detection, b) incremental 
and total correctness, c) incremental and total completion 
time, and d) additional behavioral data. Additional behavioral 
data may include dominant frequency of motion, maximum/ 
average acceleration, and repetitive/hyperactive motions. 
0101 Assembly detection may be realized by using the 
sensor data from the exemplary optical sensors and acceler- 4: 
ometer. SIG-Blocks may use low-cost optical sensors to 
detect neighboring blocks. However, any adjacent objects 
within about 1 cm of the sensor, including, for example, the 
user's hands, can trigger the sensors. In other embodiments, 
false assembly detection can be effectively filtered out from 
all optical sensor data. For example, assembly detection may 
be confirmed only when the blocks are stationary, which is 1: cube I and cube II are assembled 
discussed in detail below in relation to FIG. 29. 

01.02 

are as follows: 

FIG. 17 shows an example of incremental assembly 
detection using 4 blocks. First, in (a), assembly between 
blocks I and II is detected, then in (b), assembly between 
blocks II and III is detected, and thenin (c), assembly between 
blocks III and IV is detected. The third and fourth blocks may 
be assembled at the same time. Pseudo algorithms for assem 
bly detection between two blocks and real-time visualization 
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Algorithm 1: Connection Identification 

save ID = a, b, I, II 
go to Validate Connection (Algorithm 2) 
if the IDs are validated then 

return ID 

go to Visualization (Algorithm 3) 
else 

ID = a, b, I, II 
end if 

Return the connection ID when two blocks are assembled 

1: if side a of cube I and side b of cube II detect assembly then 

Algorithm 2: Connection Validation 

Validate connection ID 
1: Each cube has one of six statuses up, down, right, left, forward, 
backward 

2: Check status of cube I and cube II 
3: if assembly between two cubes is physically possible then 

ID is valid 
5: else 

Algorithm 3: Visualization 

2: if cube I is not neighboring any other sides but a side of cube II 
then 

: else 

1 
: end if 

Go to Get connection ID (Algorithm 1) 
Build position matrix using validated ID 

Go to Get connection ID (Algorithm 1) 
Compare the ID with modified position matrix 
Build position matrix using validated ID 

Move coordinate of virtual block in OpenGL model 
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-continued 

Algorithm 3: Visualization 

11: Rotate using angular information obtained by accelerometer of 
assembled block 

0103) Acceleration data can identify when blocks are in 
motion and what face is pointing upward. Further data analy 
sis can produce additional behavioral information, such as 
overall speed of motions, manipulation patterns, behavioral 
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0105. The target assessor data that can be derived from the 
raw data may include, but is not limited to: 1) overall manipu 
lation activities, 2) incremental and total completion time, 3) 
the number of correct completions versus total trials, 4) 
manipulation patterns, 5) repetitive or hyperactive behaviors, 
and 6) 1)-5) with different levels of sensory feedback to 
determine the effect of augmented sensory feedback on a 
user's behavior and performance. Table 4 lists target assessor 
data and associated raw data collected by exemplary inte 
grated sensors. 

TABLE 4 

Target assessor data measured from SIG-Block TAG-Game and 
associated raw data measured from integrated sensors. 

No. Target Assessor Data 

1 Overall manipulation 
activities 

2 Incremental total 
completion time 

3. Number of correct total 
trials 

4 Manipulation behavioral 
patterns 

5 Repetitive/hyperactive 
behaviors 

6 1-5 with different 
sensory feedback 

characteristics, and spatial manipulations. Such behavioral 
data may be useful in observing manipulative pattern changes 
and strategic behavior in individuals who play TAG-Games 
over time. Data analyses may include statistical and correla 
tional analyses, Fast Fourier Transforms (FFT), and noise 
filtration for sensor data to covert noisy acceleration data into 
behavioral motions. All available data may be tagged with 
time measurements and synchronized using the timer embed 
ded in the microprocessor. 
0104 SIG-Blocks may also include a programmable sen 
sory feedback mechanism. SIG-Blocks and TAG-Games may 
function as an automated, continuous assessment tool for 
users, such as, for example, children with developmental 
disorders, that can identify the effect of different sensory 
inputs on a user's behavior and cognitive problem-solving. 
The use of augmented sensory feedback can assess individual 
responses of users to different sensory feedback provided 
during play and thus may lead to the design of individually 
customized tests that can improve sensitivity in the assess 
ments and/or improve outcomes of cognitive and behavioral 
intervention utilizing TAG-Games. 

Raw Data Sensors 

Accelerations, rotations Accelerometer, gyroscopic 
sensor, force sensor 

Time, assembly detection Timer, optical/IRDA 
(Infrared Data 
Association), contact 
sensor? RFID (Radio 
Frequency Identification) 
optical/IRDA (Infrared 
Data Association), contact 
sensor? RFID (Radio 
Frequency Identification) 
Accelerometer, gyroscopic 
sensor, optical/IRDA 
(Infrared Data 
Association), contact 
sensor? RFID (Radio 
Frequency Identification) 
Accelerometer, gyroscopic 
sensor, time, optical IRDA 
(Infrared Data 
Association), contact 
sensor? RFID (Radio 
Frequency Identification) 
All of the above (1-5) 

Assembly detection 

Accelerations, assembly 
detection 

Accelerations, time, 
assembly detection 

All of the above (1-5) 
Measured with and 
without sensory feedback 

0106. In different embodiments, the raw data may be con 
Verted into target assessor data that can be analyzed using, for 
example, statistical analysis, noise filtration, Fast Fourier 
Transform (FFT) (for identifying dominant frequency area of 
hand motions), and composite scoring. 
0107 A SIG-Block may also contain a wireless commu 
nication module that operatively communicates sensor data 
with adjustable sampling frequency to a remote computer 
within the communication boundary. While an active trans 
mission is described, in one example, elements may also be 
read using other methods including, for example, RFID tech 
nology. In one example, the data measured by sensors in 
SIG-Blocks will be converted into digital signals and then 
transmitted to an external storage or computing device (e.g., 
a remote computer) to provide real-time feedback and addi 
tional data analysis. 
0108) Physically, the blocks may be about 2-inch cubes 
with different images on each of their six faces. The blocks 
may be covered with re-attachable outer images with various 
graphics or colors. As mentioned above, blocks may also 
include dynamically reprogrammable displays (e.g., LEDs, 
LCDs, cell-phone like displays, etc.). The images can be 
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changed manually or automatically, depending on what type 
of game and block is being used. Exemplary face images 1800 
are black and white distinctive, geometric images, as shown 
in FIG. 18. These exemplary images 1800 each have 1-fold, 
2-fold, or 4-fold symmetry, as shown in FIG. 19, where the 
lines 1902 within the images represent symmetrical fold 
lines. Exemplary SIG-Blocks 2000 with these patterns are 
shown in FIG. 20. Geometric images may be chosen to create 
a variety of patterns with different symmetry properties. 
These exemplary images can be replaced by other patterns or 
images. 
0109. By attaching different images (e.g., colors, shapes, 
or figures) on each surface, the SIG-Blocks can be used for 
various types of TAG-Game play with varying play complex 
ity. In other embodiments, when the Surfaces are dynamically 
reprogrammable displays, the outer design image can be 
changed by reprogramming the display (see also FIG.35). In 
this manner, a number of different assessments can be con 
ducted with the same homogeneous blocks. 
0110. The GUI includes logic to receive and interpret data 
from the blocks and to provide the user with feedback on their 
performance. Software logic may be written, for example, in 
Visual C# and may utilize, for example, OpenGL for anima 
tions. The GUI may be able to select games, display three 
dimensional animation of blocks in real-time, perform 
assessment analysis, save data for reference, and include a 
user-friendly display or interface. The GUI may present more 
than one display format, depending on who is using it. One 
display format is intended for assessment administrators 
(such as, e.g., parents) or assessment professionals/assessors 
that want to look at the collected data for analysis. Another 
display format is intended for the user, such as a child. The 
GUI with the assessment format may have a simpler appear 
ance, but may have more information and options. The GUI 
with the user format may not display all of the possible 
information, but may have a more friendly/entertaining 
appearance and simpler features. FIG. 21 shows an exem 
plary user GUI 2100, which may have a variety of options for 
layouts and colors. The user GUI 2100 may also be capable of 
testing performance with different levels of Support (e.g., 
active optical or audio feedback to the user). 
0111. The display elements and layout of exemplary GUIs 
are easily customizable and the data sampling and transmis 
sion rate are also adjustable. For users, a GUI may function as 
a game/assessment interface, as well as an automated test 
administrator. In one example, a GUI may be remotely con 
trolled by an assessor to administer the assessment. This 
capability will also enable home testing directly monitored by 
non-professionals, such as, for example, parents, and 
remotely administered by assessors, such as clinicians or 
other professionals. When home testing is employed, in one 
embodiment, data may be collected on, for example, a par 
ent's handheld electronic device (e.g., a mobile or Smart 
device, Smartphone, tablet computer, and other portable or 
wi-fi devices). In various embodiments, SIG-Blocks and 
TAG-Games may be configured as standalone devices that do 
not require external equipment other than a remote computer, 
and thus can be used in various places. Such as, for example, 
homes, daycare facilities, hospitals, and Schools. 
0112 Various GUIs can facilitate access to the data col 
lected from SIG-Blocks. The motion data measured by, for 
example, an IMU may be operatively communicated in real 
time to a local computer or other device (e.g., a mobile or 
Smart device, Smart phone, tablet computer, and other por 
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table or wi-fi devices). In some embodiments, the local device 
receiving the data is an intermediate device, which may be 
connectable to a network for operative communication, 
including wireless. Regardless of the configuration, the data 
may be transferred to a user and/or assessor GUI. FIGS. 22 
and 23 show exemplary user and assessor GUIs. An exem 
plary user GUI 2210 may contain a goal of the assessment, a 
graphical dynamic model of the SIG-Blocks corresponding to 
real-time motion data, and performance progress and mile 
stones. An exemplary assessor GUI 2220 may contain similar 
information, but may also include behavior simulation, 
graphs displaying accelerations and motions of the blocks, 
and achievement data. 

0113. In particular, FIG. 23 shows TAG-Games with four 
SIG-Blocks 2302 and two interactive GUIs: the user's GUI 
2310 (left) displays test items, such as, for example, an 
assembly quiz and instructions to manipulate the blocks to 
build the same assembly configuration as shown on the com 
puter screen; and the assessor's GUI 2320 (right) displays 
current assembly configuration, step-by-step correct/incor 
rect notifications and times, and accelerations in real time. 
0114. In another embodiment, FIG. 24 shows exemplary 
SIG-Blocks 2402 and another exemplary assessor GUI 2404, 
which provides three-dimensional animation of the blocks, 
and sensor data (orientation and assembly detection) in real 
time. In FIG. 24, the exemplary assessor GUI 2404 is dis 
played on an exemplary computer screen. The three-dimen 
sional models on the left side of the screen show the real-time 
rotational movements of SIG-blocks; and the right side shows 
the accelerometer and gyroscopic sensor data. The display 
elements and layout can be modified to Suit particular assess 
ment and/or assessor needs. In addition, certain parameters, 
Such as sampling frequency and data transmission rate, are 
adjustable by an assessor through this GUI. The collected 
data may be stored in an assessor device. Such as a remote 
computer, and may be retrieved at other times for further data 
analysis. 
0115 Referring still to the exemplary GUI shown in FIG. 
24, an assessor may specify various assessment and/or user 
settings, such as, for example, the user's gender and age 
group. Assessment questionnaires may be customized 
depending on the assessment or application. An assessor may 
also choose between different goal configurations (prob 
lems), which may be displayed in the upper left side under 
“Quiz. The quiz level may be determined based on difficulty, 
or play complexity. In various embodiments, a quiz or assess 
ment difficulty or complexity may be selected manually by 
the assessor, or selected automatically by logic in the remote 
computer based on user performance in previous quizzes or 
assessments. On the bottom of the GUI, tri-axial acceleration 
data may be plotted. This graph represents how the SIG 
Blocks are manipulated during play, which may indicate 
behavioral patterns and the overall amount of manipulation 
activity. Assembly completion time may be detected and 
recorded on the upper right side of the GUI, along with the 
correct/incorrect notification for each quiz or assessment. 
0116 SIG-Blocks and TAG-Games provide a multi-func 
tional device that can be used for a variety of capability and 
behavioral assessments. Exemplary users include children, 
people with disabilities, and the elderly. Considering the Vul 
nerable characteristics of potential and intended users, design 
criteria for the blocks may also include Safety (no sharp 
edges, no separate components that may be Swallowed, no 
toxic materials, etc.), compactness (no hanging wires, no 
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extending parts, no moving components on the housing case, 
etc.), and weight (no burden for a child or weak user to 
control). In one example, blocks will be crafted from high 
quality plastic materials for the frames, with no sharp edges, 
and the electronics will be completely sealed and waterproof. 
The physical size and weight may be determined to ensure 
natural arm-hand motions, which may also be specific to 
certain users or user groups. 
0117. The interactive nature of TAG-Games with SIG 
Blocks has the ability to capture a user's interest and peak 
their curiosity in the assessment, by creating interactions 
resembling a game. The GUIs associated with TAG-Games 
can provide users with a means of self-assessment through 
play and can provide assessors (e.g., analyzing professionals) 
with a means to monitor a person's behavioral development 
and cognitive skills autonomously from a remote location 
when direct observation is not possible or difficult. 
0118. In another embodiment, an external measurement 
device with additional motion sensors, such as, for example, 
accelerometers can be attached to the user's body to detect 
activities directly from user motions. This may also facilitate 
validating and/or calibrating sensors in the blocks. In another 
embodiment, an external camera may also compare the actual 
behaviors and computer graphics to enhance kinematic and 
dynamic modeling of user motions. 
0119. As shown in FIGS. 22-24, a SIG-Block can opera 

tively communicate in real time with an assessor device (e.g., 
a remote computer) through enabled wireless networking to 
transfer sensor data. For example, a block's tri-axial acceler 
ometer may provide two angular accelerations along the roll 
and pitch axes. ProXimity sensors, such as optical sensors, 
which may be installed on contact Surfaces of the block, may 
be pairs of an infrared emitting diode and an infrared pho 
totransistor, which detect the reflected signal. By combining 
the data from accelerometer sensors and optical sensors, 
assembly configurations of the blocks can be reconstructed 
and displayed on a GUI. The unique ID of each SIG-Block 
enables independent and simultaneous communication of the 
blocks with the remote computer. By assigning different 
images to surfaces of the blocks, SIG-Blocks with the same 
sensors and providing the same type of data may be used for 
various types of assessments, and with varying complexity. 
0120 For a tri-axial accelerometer to be used to detect 
angular displacements of a block, it may be useful to filter out 
the noise caused by user hand movements. A relatively low 
cost capacitive accelerometer used in one embodiment 
(MMA7260Q) features signal conditioning, a 1-pole low 
pass filter, temperature compensation, and g-select, which 
allows for the selection among 4 sensitivities: 1.5g, 2 g, 4 g. 
and 6 g. The highest sensitivity of this exemplary accelerom 
eter is 800 mV/g, which occurs when 1.5 g is selected. There 
are also three output ports on the exemplary accelerometer, 
which provide analog acceleration signals along the X-, y-, 
and Z-axes. These analog signals can be transformed into 
digital signals with the analog-to-digital converter of the 
microprocessor (e.g., ATMEGA328). When an accelerom 
eter is in a static state, it can detectangular displacements by 
measuring static accelerations due to gravity, which range 
between -g, and +g. As shown in FIG. 25, an arbitrary tilt 
(pitch) angle can be obtained using single-axis acceleration 
data by measuring the static acceleration due to gravity. As 
shown in FIG. 26, pitch 2602 and roll 2604 angles can be 
determined relative to the global horizontal frame using the 
exemplary tri-axial accelerometer. Tilt angles along the X 
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and y-axis can be calculated based on three acceleration data 
(x, y, z) signals as follows: 

-l (pitch = tan Vacc 

W(yacc) + (acc) 
acc 

W(vacc) + (acc) 

I0121 Two built-in functions, for example, in MATLAB, 
can compute the inverse of the tangent, atan and atan2. For 
a real X, atan(x) is in the range -t/2, TL/2, and atan2(y,x) 
gives the value of 0 such that sin 0-y and cos 0-X. The value 
of 0 lies in the interval -t, t. 
0.122 The exemplary configurations can also overcome 
the challenge of detecting tilt angles while the accelerometer 
is in motion. To analyze the effect of dynamic acceleration, a 
simple block test was conducted by manually rotating a SIG 
Block 90° and -90° about the x-axis repeatedly at different 
frequencies. FIG. 27 shows the X signal captured from an 
exemplary tri-axial accelerometer versus time, while rotating 
about the y-axis. FIG. 27(a) graphs rotating the block 5 cycles 
per approximately 50 seconds (0.1 Hz). FIGS. 27(b), (c), and 
(d) show the results when the block is rotated at 0.5 Hz (5 
cycles per 10 seconds), 1.0 Hz (10 cycles per 10 seconds), and 
2.0 Hz (20 cycles per 10 seconds), respectively. According to 
these experimental results, the overall influence of dynamic 
acceleration is trivial for slow motions (s1.0 Hz), while the 
error increases and becomes significant in higher frequency 
domains. For fast motions (e.g., FIG. 27(d)), the X signal 
from the exemplary accelerometer exceeds t1 g when the 
SIG-Block reaches the turning points (+90°), showing the 
influence of dynamic accelerations. 
I0123 FIG.28 shows the amplitude of the rotating motions 
at four different frequencies. Although users may behave 
uniquely and have different frequency responses, humans 
have a limited speed and range of motion for manipulating 
rigid objects. Moreover, exemplary users of TAG-Games 
include pre-school aged children with developmental dis 
abilities, the elderly, and patients with traumatic braininjuries 
or mental illnesses. Therefore, the exemplary blocks may be 
used within the low frequency range. Successfully retrieving 
their rotational information and providing reliable data on 
how they are manipulated by a user. By applying a digital low 
pass filter at the cutoff-frequency, which can be empirically 
determined through calibration, the animation accuracy of the 
blocks can be further improved. Accelerometer data from 
SIG-Blocks can also provide information on behaviors, such 
as, for example, fast and repetitive motions, shaking, and 
hand vibrations. 
0.124. To generate a three-dimensional assembly configu 
ration in the GUI, which replicates the physical blocks 
manipulated by the user, an algorithm may assume that one of 
the blocks is fixed, for example, to the user's table, and the 
logic proceeds by orienting the other blocks relative to the 
fixed block. This approach compensates for the lack of ori 
entation and position information about the blocks and there 
fore significantly simplifies the logic for generating the 
assembly configuration. In another embodiment, a fixture on 
the table may function as a frame of reference to reconstruct 
position and orientation of the blocks. In some embodiments, 
reflective optical sensors used in exemplary SIG-Blocks may 
be triggered not only by attaching other blocks, but other 
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things covering the sensors, including the user's hands. In one 
embodiment, to filter Such unwanted sensor inputs, assembly 
may be detected only if the two Supposedly connected optical 
sensors are triggered at the same time and when the blocks are 
in a stable state. A stable state indicates that the blocks are not 
being handled by the user and is determined by combining 
data from the exemplary accelerometer and optical sensors. 
0.125 Assembly detection among the SIG-Blocks may be 
made according to the flowchart shown in FIG. 29. According 
to this procedure, in step 1910, the top and bottom surfaces of 
each block are identified using the accelerometer data and 
matching ID information. In step 1920, among the blocks, 
determine if there are two blocks whose optical sensors are 
triggered at the same time indicating potential assembly. In 
step 1930, if one or both of the blocks identified in 1920 are in 
motion (being handled), then no assembly has happened and 
the process returns to 1910. If neither block is in motion, then 
assembly has happened between the two blocks, and the 
process should proceed to 1940. In step 1940, the three 
dimensional assembly configuration is updated and the pro 
cess continues. 
0126 The procedure was tested on examples of quizzes 
consisting of four blocks with 2-by-2 assembly configura 
tions: Q, Q, Q, as shown in FIG. 30. For each quiz, four 
blocks were assembled correctly 10 times (4 assembly detec 
tions for each trial; 40 detections in total), and the number of 
false incorrect notifications was counted. The blocks were 
also assembled incorrectly, and the number of false correct 
notifications was recorded. The results are shown in Table 5 
below. The errors during testing Q occurred when two 
blocks were assembled simultaneously. Sensitivity and speci 
ficity of this binary classification test are given by the follow 
1ng: 

Sensitivit True Correct 0.9833. 
ensitivity= |True Correct +|False Incorrect T 

True Incorrect Specificity= 1; 
True Incorrect + False Correct 

TABLE 5 

Performance of the Assembly Detection Algorithm. 

Correct Incorrect 

False Incorrect Error (%) False Correct Error (%) 

Q4 Of 40 O Of 40 O 
QB 2.f40 5 Of 40 O 
QC Of 40 O Of 40 O 

0127. Difficulty is a relative attribute that can vary signifi 
cantly depending on a person's developmental status, age, or 
health conditions. For an assessment test to produce reliable 
and sensitive assays, it must be neither too difficult nor too 
easy. 

0128. Entropy is a useful statistical measure of informa 
tion-theoretic complexity that quantifies the amount of uncer 
tainty or information associated with a random event(s). For 
example, ifa user performs assembly or reconfiguration using 
known geometric blocks, a method can be used to determine 
the information-theoretic complexity associated with the 
activity. 
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I0129. The parts entropy (H) can be computed for each 
geometric object in two-dimensional space where the total 
parts entropy for a random object with no symmetry may be 
set as 30 bits. The parts entropy method computes the number 
of bits required to store position and orientation of a rigid 
object. For example, if an arbitrary part in two-dimensions 
can take one of2' distinctorientations and the probability for 
all possible orientations is uniform, then the parts entropy is 
10 by taking the logarithm to base 2. If the pose of the object 
is parameterized by X and y for its position and 0 for its 
orientation, and these three variables are statistically indepen 
dent of each other, then H=H+H=30, where there exists 
210 possible positions for each Xandy direction. The value of 
the parts entropy is highly correlated to the geometric prop 
erty of the shape. FIG.31 shows exemplary two-dimensional 
geometric shapes with different symmetry features and cor 
responding parts entropy values. 
0.130. Entropy is a quantitative measure of uncertainty 
associated with a random variable(s). Given a discrete space 
consisting of n points, x . . . , X, and a discrete probability 
distribution p, p(x,) associated with those points, such that 

and p,20, the corresponding discrete entropy is defined as 

(1) 
Hx = -X pilog p; 

i=1 

where Xe X1,X2,..., X}. For a uniform distribution, such 
that 

pip2 = . . . p-lin 

(1) can be simplified as 
H-log2n. (2) 

I0131) If there arek statistically independent random vari 
ables, X', ... X", and each variable has a uniform probability 
over a discrete space, such that Xe{X', X'...., X, } where 
n, is the number of possible discrete values that X may take, 
the total entropy is computed by 

k (3) 
Hotal = X. Hi. 

i=l 

For a uniform distribution for each variable, (3) can be sim 
plified as 

k k k (3) 

Hotal = X. Hy X. logan i = le? n 
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0132 Complexity associated with a TAG-Game is linked 
to various factors, including geometric properties of the 
blocks, the number of blocks used in play, and types and the 
number of hand operations required for completing the game? 
assessment. While hand operations during play are highly 
individual and therefore difficult to analyze or quantify, geo 
metric configurations and the number of given blocks are 
objective properties. Therefore, the play complexity of TAG 
Games may be based on geometric properties as well as the 
number of the blocks used in the game/assessment that may 
be captured in a single composite value, for example a dis 
crete entropy value. 
0133. The entropy-based approach assumes that sets of 
geometric blocks are designed for a specific type of geometric 
play (e.g., insertion, reconfiguration or assembly) and that the 
final objective or the goal configuration of the assessment is 
well defined. The play complexity, C' is defined by the 
amount of entropy reduced by a player manipulating the 
geometric blocks during play: 

Cplay-Hinitial Hfinal (4) 

where H" is the entropy foragiven set of geometric blocks 
before play (e.g., the blocks are randomly placed on a table) 
and H" is the entropy computed for the blocks after a user 
accomplishes the goal (e.g., the blocks form a certain assem 
bly configuration). In other words, H" implies the amount 
of uncertainty initially existing in the blocks and H" is the 
amount of uncertainty remaining after play. Thus, the differ 
ence between these two values indicates the amount of uncer 
tainty reduced, or information handled, by a user manipulat 
ing the blocks to achieve the goal configuration. The play 
complexity can be used to design SIG-Blocks with varying 
levels of difficulty in terms of the amount of information 
required to complete the task. We note that a higher value of 
C'' implies a more difficult level of play. 
0134. If N geometric blocks are provided for assembly 
tasks, the total entropy is given by: 

. . . . . (5) 
Hinitial X. logn; +log PN 

i=l 

where n, the number of distinctive poses of the i' block and 
P indicates the number of allowed permutations among N 
blocks. If the blocks have the same geometric shapes and they 
can switch locations with each other, then P-N where 
N=n-(n-1)(n-2)... 2:1. More specifically, if we consider a 
cube block with the rotational resolution of 90°, then each 
block can have one of four orientations (0°, 90°, 180°, and 
270°) for keeping a specific Surface among six Surfaces facing 
upward and therefore has 4x6–24 possible poses. For Ncube 
blocks in line, the total configurational entropy is computed 
aS 

H=N log, 24+log NI (6) 

I0135) H" is the entropy remaining after completing the 
assembly task. Therefore, the value is based on the number of 
possible changes in position and orientation without affecting 
the final assembly configuration. 
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0.136 The play complexities for three quizzes using exem 
plary SIG-Blocks are calculated in the following manner. 
FIG. 18 shows six exemplary re-attachable image cards used 
for each SIG-Block, where each black-and-white geometric 
pattern represents 4-, 2-, or 1-fold symmetry. FIG. 30 shows 
exemplary quizzes consisting of four blocks with 2-by-2 
assembly configurations: Qt. Q. Q. The example game is 
defined by assembling the blocks to achieve four upward 
surfaces to form a specific 2-by-2 assembly as shown in FIG. 
30. Side images of the blocks are neglected. Using (4) above, 
we compute C''', based on the number of possible assembly 
configurations. The initial entropy for four blocks assembled 
in any possible 2-by-2 configuration is given by H"-4 log 
24+log 4–22.92 based on (6). For each quiz, the final 
entropy and the play complexity are computed as follows: 

0.137 Entropy is a measure of uncertainly associated with 
play and therefore decreases as a player assembles the blocks 
towards the goal assembly configuration. FIG. 32 shows the 
change in entropy at each assembly completion step for the 
three quizzes specified in FIG. 30, where the final values 
indicate H". FIG. 32's y-axis represents the final entropy 
after each assembly completion and the final values indicate 
H" for each game. FIG.33 shows the final values of C''' 
for the three quizzes specified in FIG. 30. FIG. 33's y-axis 
represents the amount of entropy reduced by a player manipu 
lating the blocks and the final values indicate C''' for each 
game. 
0.138 Exemplary SIG-Blocks and TAG-Games were 
tested on from 33 participants (age: 18-30, 20 males and 13 
females) using 20 assembly quizzes that required a user to 
manipulate the blocks to achieve the target 2-by-2 or 3-by-3 
assembly configuration displayed on the user's GUI. Target 
assessor data measured and displayed on the assessor GUI 
included: incremental and total completion time for each 
quiz; correctness at each manipulation step; and real-time 
assembly configuration of the blocks. 
0.139 Table 6 shows the correlation between performance 
measured in time and play complexity (C'). 

TABLE 6 

Performance in Assembly Tasks r, Correlation with CP’ p value 

Completion time O.934S <<0.01 
Normalized completion * O.93OO <<0.01 
Quiz number (1-20) O.9992 <<0.01 

* Normalized completion time is the total completion time divided by the number of total 
assembly steps—potentially excluding differences in individual manipulation speed. 

(0140 FIG. 34's charts show C' vs. quiz numbers (top) 
and quiz completion time vs. C''' (bottom). The 20 assembly 
quizzes used in the study had corresponding CP' values 
ranging from 10.34 to 58.73. A line on the bottom chart 
indicates the linear least squares fit for the collected data. 
0141 Tables 7-9 show various exemplary quiz designs for 
TAG-Game" for assembly; TAG-Game for shape matching: 
and TAG-Game' for shape/sequence memory. 
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Table 7. 20 Assembly quizzes and corresponding play complexity for exemplary TAG-Game'. 
Design Hinitial Hfinal Cplay 

log224"-log24! log24"|log4! 10.33 
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log24'+log.9! log2+log23:22 45.15 

log24'+log.9! log24'2+log22222. 49.73 

log24'+log.9! log2+log22222 50.56 

log24'+log.9! log23222 54.15 

log224'+log.9! log22 58.73 

Table 8. 10 Shape-matching quizzes and corresponding play complexity for TAG-Game. 
Total Number | Length of Number Number of 

Composite 
Design Number of unique imbedded of pattern Symmetry 

Complexity 
of blocks blocks pattern rcpcats AXcs 

: 01455249. DOC:1; 41 
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: 01455249. DOC:1; 42 
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9 3 3 O 72 

9 6 3 O 54 

9 2 2.25 O 128 

Table 9.8 quizzes and corresponding play complexity for TAG-Game". 
Sequence pattern Sequence Complexity 

41.78 

63.77 

S. 75.76 

161.35 

83.9 

161.35 

214.53 
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0142 TAG-Games are dynamically reconfigurable 
assessment sessions whose results can be based on informa 
tion entropy analysis, geometry, and/or information-theoretic 
analysis. Unlike conventional blocks, SIG-Blocks can pro 
vide real time feedback, monitoring capabilities, and recon 
figuration. 
0143 SIG-Blocks and TAG-Games can provide a self 
Sufficient system for assessing a user's cognitive capabilities 
and learning skills via performing a variety of TAG-Game 
tasks, such as, insertion, assembly, recall, and/or reconfigu 
ration. SIG-Blocks and TAG-Games do not require external 
monitoring devices. Such as cameras, or an expert to continu 
ously monitor and record the data, although certain embodi 
ments may allow for this. Instead, SIG-Blocks and TAG 
Games can rely on real-time and/or delayed data assessment 
and wireless communication between SIG-Blocks and an 
assessor device. Such as a remote computer. 
0144. In one example, SIG-Blocks and TAG-Games may 
be targeted to preschoolers between the ages of four to six 
years. Preschoolers are more inclined than younger children 
to exhibit early evidence of strategic and planning behavior. 
At age four, traditional assessment instruments may begin to 
result in stable indices of intelligence, language, and self 
regulated behaviors. Preschooler related performance data 
can facilitate making comparisons between well documented 
standardized measures, (e.g., Wechsler Preschool and Pri 
mary Scales of intelligence-III (WPPSI-III) and the Clinical 
Evaluation of Language Fundamentals—Preschool version 
2" edition (CELF-P-2)) and SIG-Blocks/TAG-Games. 
0145 SIG-Blocks and TAG-Games can provide a technol 
ogy platform that is highly transformative for various pur 
poses and applications. Assessments using these blocks can 
be presented to users, such as children, as if they are toys 
associated with a game, all the while measuring cognitive, 
learning, and problem solving capabilities. The blocks can 
provide useful performance data and advanced instrumenta 
tion for researchers and educators in various areas related to 
mental health, child development, rehabilitation, psychology, 
and elderly care by enabling a programmable technical plat 
form. SIG-Blocks and TAG-Games may have a positive 
impact by catalyzing and advancing the fields of play-based 
assessment for diagnostic and therapeutic purposes. 
0146 In addition, SIG-Blocks and TAG-Games can pro 
vide a multimodal interface for learning various Subjects, 
Such as, for example, fundamental mathematics, Science, and 
engineering, especially in young children. Real-time feed 
back, such as, for example, Sound alarms and visual indica 
tors, may improve and stimulate the learning process. For 
example, SIG-Blocks can be configured as a Subject-specific 
educational tool: SIG-Blocks for mathematics education, by 
representing geometric shapes/sizes with a corresponding 
real number and simple algebraic operations; or SIG-Blocks 
for engineering design education, by integrating actuators 
into the block design. In another example, SIG-Blocks can 
function as a tangible/physical simulation tool for fundamen 
tal circuit design and logic algorithms by designing blocks 
representing logic gates, such as AND, OR, or NOT gates. 
0147 SIG-Blocks and TAG-Games can facilitate measur 
ing a user's learning and developmental status based on 
objective observations. SIG-Blocks can measure both tan 
gible and intangible properties and phenomena, in a system 
atic manner. SIG-Blocks also can incorporate the capabilities 
of multiple, objective, simultaneous, cumulative, and real 
time data collection in different experimental settings. This 
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can facilitate: i) data assessment and analysis for new types of 
performance and behavior data; ii) design methodology for 
devices/tools for young children; and iii) technology-en 
hanced education for children with special needs. 
0.148 Conventional measurement methods for intelli 
gence, achievements, and cognitive and motor skills are sum 
marized in Table 10, along with SIG-Blocks/TAG-Games. 

TABLE 10 

Measurement methods for intelligence, achievements, 
cognitive and motor skills, and attention; and application 

of SIG-Blocks and TAG-Games for assessment. 

Test Measurement 

Wechsler Adult Intelligence Scale 
and Wechsler Intelligence Scale 
for Children 

Verbal Comprehension; Perceptual 
Reasoning; Working Memory; 
Processing Speed: Fine-Motor 
Proficiency 
Verbal Comprehension; Quantitative 
Reasoning; Perceptual Reasoning: 
Processing Speed 
Achievement 

Stanford Binet Intelligence 
Test Fourth Edition (SBO-IV) 

Woodcock Johnson Test of 
Achievement-III 
Bruininks-Oseretsky Test of 
Motor Proficiency- 2 (BOT-2) 
Tactual Performance Test 
(TPT, special memory) 
Continuous Performance Test 
(CPT) 
Clinical Evaluation of 
Language Fundamentals— 
Preschool version-2 (CELF-P-2) 
SIG-Blocks; TAG-Games Test 

Motor Proficiency 

Motor Proficiency; Spatial Memory 

Attention: Impulsivity 

Language 

Perceptual Reasoning; Quantitative 
Reasoning: Fine-Motor Proficiency; 
Spatial and Working Memory; 
Processing Speed; Attention 
Span; Achievement; Learning 
Capability 

014.9 There are challenges in measuring intangible per 
Sonal capabilities. These challenges may be imposed by dif 
ficulties in addressing individual differences and special cir 
cumstances, particularly for underrepresented groups, such 
as, for example, children with various developmental delays 
and gifted children. Generally, existing tests typically have a 
fixed set of problems/experiments that are difficult to adjust 
or modify for certain groups with special conditions. Conven 
tional tests may lose their sensitivity at the margins or 
extremes. Exemplary SIG-Blocks and TAG-Games are 
capable of reconfiguring to respond to an individual user's 
capabilities, allowing for sensitivity in the assessment. For 
example, gifted users may be so far from the mean on a 
standardized test that their test results are effectively mean 
ingless, except for identifying inclusion in a "gifted group, 
with no relative sensitivity. It is infeasible to adjust a sample 
based standardized test to account for relatively few gifted 
users. However, SIG-Blocks and TAG-Games can be 
dynamically reconfigurable to change the complexity of an 
assessment mid-session or over the course of multiple ses 
sions. The varying complexity can be tracked based, for 
example, on the information entropy as described above. 
0150. In one embodiment, SIG-Blocks are a tool for play 
based assessment that can be easily transformed into various 
tests for measuring intelligence, achievement, learning capa 
bility, motor proficiency, spatial memory, and attention. 
Depending on a group's or user's heath condition, the diffi 
culty or the type of play can be designed by selecting a proper 
set of SIG-Blocks/TAG-Games. The benefits and uses of 
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SIG-Blocks/TAG-Games are not limited to assessment, but 
other embodiments include interventional and therapeutic 
tools for children, the disabled, and the elderly. 
0151. In one embodiment, SIG-Blocks and TAG-Games 
provide a technology-embedded tool for assessing children's 
cognitive problem-solving, fine motor, and working memory 
skills, which form a basis for fundamental STEM reasoning 
and learning. SIG-Blocks and TAG-Games provide play 
based assessments and early STEM education by automating 
the data collection process and enabling “learn-through-play” 
activities. SIG-Blocks and TAG-Games can include different 
types of geometric play (e.g., assembly, shape matching, and 
shape memory) that provide a non-verbal format, reducing 
cultural and language bias. In various embodiments, SIG 
Blocks and TAG-Games employ a computational measure of 
play complexity associated with geometric reasoning, prob 
lem solving, and manipulation, which facilitates adjusting the 
difficulty of an assessment for a target population based on 
age and developmental status. 
0152 Table 11 lists associated cognitive skills, raw per 
formance data, and an exemplary scoring method for different 
types of TAG-Games. 

TABLE 11 
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visual feedback based on user progress, where the control unit 
performs at least one of the following: automatically trans 
mitting movement data about the block to a remote computer 
while the user manipulates the block toward the target orien 
tation; automatically collecting movement data about the 
block while the user manipulates the block toward the target 
orientation and then later transmitting movement data to a 
remote computer; and automatically transmitting movement 
data about the block to an intermediate device while the user 
manipulates the block toward the target orientation and then 
later transmitting movement data to a remote computer from 
the intermediate device, wherein the intermediate device is a 
local computer, a mobile phone, or a mobile device. Step 
3530 includes generating an assessment of the user based at 
least in part on movement data transmitted to the remote 
computer by the control unit. Step 3540 includes storing in a 
computer memory the movement data for later use. Step 3550 
includes displaying or transmitting the assessment of the user. 
0155 The following are three exemplary TAG-Game 
designs utilizing various SIG-Block configurations (see, for 
example, the quizzes shown in Tables 7-9), including scoring 
embodiments: 

Related cognitive skills, raw performance data collected by embedded sensors, and a 
composite performance index (PI) for each game to provide comparable sets of data to other 

standard measures. N (the number of total correct steps), N (the number of total steps), 
Lola, (the total completion time), and C (a scaling constant for each game type). 

Types Cognitive Skills Raw Performance Data PI 

TAG-Game Fine-motor proficiency Visual- Incremental completion Ncorrect 
motor integration time PIA = a X - Notal Xttotal Total completion time 

Correctness at each step 

TAG-Game Cognitive problem solving Incremental completion Ncorrect 
Conceptual reasoning Visual- time PIs = as X Next 

it it 
motor integration Fine-motor Total completion time 9i 9i 
proficiency Working memory Correctness at each step 

TAG-Game" Working memory Visual-motor Incremental completion Ncorrect 
integration Fine-motor time PIM = a if X Notal Xtotal proficiency Total completion time 

Correctness at each step 

Additional Data Spatial manipulations; overall speed of motions; domain frequency of hand motions; 
repetitive/hyperactive motions; and estimated manipulation trajectories. 

0153. In different embodiments, the scoring may count the 
total number of correct answers and time, similar to other 
standard intelligence scales, such as Wechsler's or Raven's 
tests. Further data analysis can produce additional behavioral 
information, Such as overall speed of motions, manipulation 
patterns, behavioral characteristics, and spatial manipula 
tions. 

0154 FIG.35 describes an exemplary method of assessing 
a user's capabilities using TAG-Games and SIG-Blocks. Step 
3510 includes providing at least one block having a control 
unit in circuit communication with a transmitter and at least 
one movement sensor, where the control unit is capable of 
transmitting via the transmitter movement data correspond 
ing to the movement of the block, and the control unit, the 
transmitter and the at least one movement sensor being posi 
tioned in an enclosure of the block. Step 3520 includes pre 
senting to the user via a programmable display an image 
showing a target orientation of the at least one block and 

1) Exemplary TAG-Game": Assembly 
I0156 Game: As mentioned above, TAG-Game" is a 
puzzle game in which the user is required to recreate a dis 
played image using the SIG-Blocks. The user is given a 
pattern and then must rotate and rearrange the blocks in order 
to find the correct images in order to recreate the pattern. The 
distinguishability of the patterns can be decreased, in order to 
make them more difficult, by removing the lines separating 
the pattern components. FIG. 36 shows an exemplary Assem 
bly Game Administrator Game Screen 3602. FIG. 37 shows 
an exemplary Assembly Game Player Screen 3702. 
I0157 Play complexity: TAG-Game requires a player to 
assemble 4 or 9 SIG-Blocks to match 2-by-2 or 3-by-3 assem 
bly configuration displayed on a GUI computer screen. Each 
SIG-Block is covered with 6 different geometric images, each 
with 1-, 2-, or 4-fold symmetry. The play complexity associ 
ated with the assembly game is determined by the change in 
configurational entropy where CP'-H'-H". 
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I0158 Test design: TAG-Game" consists of 20 items, 10 
using 4 SIG-Blocks and another 10 using 9 SIG-Blocks. The 
items are ordered by increasing difficulty as calculated by 
C'. For all quizzes, the time and the correctness of assem 
bly at each assembly step, and, every 0.06 s, tri-axial accel 
erations of the blocks are recorded. Among the measurable 
data, time and correctness of each item (not at each assembly 
step) may also be manually collected in order to compare 
accuracy of automatically and manually collected data sets. 
0159. This game may take approximately 15 minutes to 
administrator and requires a set of SIG-Blocks, a computer 
with two screens (or two computers), and the GUI. The GUI 
automatically records the time to complete each image in the 
design and determines whether the designs are completed 
correctly. At each assembly step, real-time assembly configu 
ration, completion time, and correctness are measured, trans 
ferred to a remote computer, and displayed through an asses 
Sor interface 3602 as shown in FIG. 36. 
0160 Scoring method: The assembly game is scored 
based on individual designs based on whether the design is 
completed correctly and the time it takes to complete the 
design. Specifically, 3 points are given for a correct 2-by-2 
pattern if the correct completion time is less than or equal to 
7 seconds, and 2 points are given if more than 7 Seconds is 
required for the correct completion. Zero points are given for 
an incorrect completion. For 3-by-3 patterns, 7 points are 
given if the correct completion time is less than or equal to 16 
seconds, 5 points if the correct completion time is 16-30 
seconds, and 3 points if the correct completion time is over 30 
seconds. Zero points are given for an incorrect completion. 
This scoring method results in a maximum possible score of 
1OO. 

2) Exemplary TAG-Game: Shape Matching 
0161 The shape-matching game consists often groups of 
patterns with a missing image, where the user is prompted to 
determine the missing image and rotate the block so that the 
missing image in face up. The patterns have a calculated play 
complexity and are ordered in increasing complexity. For all 
quizzes, the time it takes for the Subject to complete the 
pattern and whether it is completed correctly is recorded. The 
game is intended to determine if a user can figure out the 
relationship between a group of images and determine the 
missing image. This tests fine motor control, visospatial rea 
soning, and problem solving skills. Like the assembly game, 
fine motor control is reflected in the coordination with which 
the blocks are manipulated. Visuospatial reasoning, also seen 
in the assembly game, is reflected in the user's ability to 
identify the relationships between block rotations and face 
images, and the relationships between face images and design 
images. Problem solving skills include the ability of the user 
to identify the relationship in the quiz design and determine 
the missing image. FIG. 38 shows an exemplary Shape 
Matching Game Administrator Game Screen 3802. FIG. 39 
shows an exemplary Shape Matching Game Player Screen 
3902. 
0162 Play complexity: The play complexity of the shape 
matching game is based on the complexity to find the rela 
tionships between the blocks (problem solving), not the 
manipulation of the blocks. The complexity is based on the 
factors that affect the problem of finding the relationships in 
the design. The factors that increase the complexity are the 
total number blocks, the number of unique blocks, and the 
length of the imbedded pattern. The factors that decrease the 
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complexity, or make it easier to solve, are the number of times 
the pattern repeats and the number of symmetry axes that are 
in the design. The complexity equation is shown below: 

Total Number of BlockSX 

Number of Unique Blocks x 
Sh Matching C lexi Length of Embedded Pattern 

ape Matching Complexity= Number of Pattern Repeats x 

(Number of Symmetry Axes + 1) 

0163 Test design: This game is estimated to take 10 min 
utes and requires 1 SIG-Block, a computer with two screens 
or two computers, and the GUI. There are five 2-by-2 designs 
and five 3-by-3 designs. The administrator uses one computer 
to lead the user through the game and the other computer 
provides the designs to the user. Data for the time to complete 
and accuracy is collected by the GUI, and is confirmed by the 
administrator, using the GUI, for algorithm assessment pur 
poses. The administrator may also be responsible for making 
Sure that the blocks are communicating properly and provid 
ing verbal instructions to the user on the procedures of the 
game. The GUI administrator screen 3802 may be similar to 
that of the assembly game as shown in FIG. 38. The user's 
screen 3902 also is similar except for a question mark 3904in 
the place of the missing image, as shown in FIG. 39. 
0164 Scoring method: Each individual quiz is worth 1 
point and a total of 10 points (10 quizzes) is the maximum 
possible score. This scoring method is similar to one used in 
the matrix reasoning subtest in the Wechsler's test. 

3) Exemplary TAG-Game'. Sequence Memory 
0.165. The sequence memory game requires that the user 
remember and repeat back a sequence of images using the 
SIG-Block. The images within the sequence are flashed one at 
a time on the screen. Two different sets of images are used. 
The first is a set of 6 different colors and the second set is the 
same set of geometric images shown in FIG. 18. This game 
tests a user's fine motor control, short-term memory, and 
attention span. Fine motor control is reflected in the speed at 
which the user can rotate the block to the correct face image. 
Short-term memory is reflected in how well the user remem 
bers the sequence of images. Attention span is reflected in the 
ability to maintain interest when the sequences get longer. 
FIG. 40 shows an exemplary Sequence Memory Game 
Administrator Screen 4002. FIG. 41 shows an exemplary 
Sequence Memory Game Player Screen 4102. 
0166 Play complexity: Using the concept of discrete 
entropy, the complexity is defined as the difference between 
the highest possible entropy of a sequence of N images and 
the entropy associated with the specified sequence of images. 
The entropy describes how ordered the sequence is. The 
initial entropy is the entropy associated with Nimages going 
to any of n positions in the sequence and the sequences of 2 to 
Nimages going to any of N-i--1 places. For example, with a 
sequence of 5 images, a pattern of 1 image has 5 different 
possible locations, a pattern of 2 has 4, a pattern of 3 has 3, a 
pattern of 4 has 2, and a pattern of 5 has 1. The final entropy 
is calculated using the same logic except that not all of the 
images in the sequence are interchangeable and the sequence 
must be analyzed in order to figure out which are interchange 
able. For example, if we have the sequence 12312, it must be 
taken into account that 1 and 2 are both repeated twice and 
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that 12 is repeated twice. The last condition means that if a 
sequence can be divided up into identical components then 
the complexity of the sequence is the complexity of the com 
ponents multiplied by the number of times it is repeated. For 
example, if we have the pattern 123123123, the pattern 123 is 
repeated 3 times, so the complexity would be 3 times the 
complexity of 123. Sequences that are used are shown below 
in Table 12. It is important to remember that while a sequence 
of numbers (e.g., 123) can have increasing numerical order, 
the associated sequence of images have no Such association. 

TABLE 12 

Pattern Hinitial Hfinal Cplay 

430 4.5850 OOOOO 4.5850 
1342 12.7549 OOOOO 12.7549 

S21435 52.4004 1.OOOO 51.4004 
O3123514 141-4353 2.OOOO 139.4353 

2345134214 3O4.4988 7.5850 296.9139 

0167 Test design: The sequence memory game is com 
prised of 8 sequences of images that the user must remember 
and repeat back using the SIG-Block. Each set of images (set 
of 6 different colors or set of geometric images) has 4 
sequences of increasing length, starting at 4 images and end 
ing with 10 images. The user's performance is measured by 
the time taken to complete each image in the pattern and the 
number of attempts to get the correct image. This game is 
estimated to take 10 minutes and requires 1 SIG-Block, 1 
SIG-Block cover of colored images, a computer with 2 
screens, and a GUI. One of the computers flashes the 
sequence images for the subject at a constant interval of 25 
milliseconds for 1.5 seconds each and then provides an indi 
cator when the user has correctly indicated the sequence 
image. The second computer screen allows the administrator 
to control the game. The administrator may be responsible for 
making sure that the SIG-Block is working properly and for 
moving through the sequences. During the assessment, the 
administrator can see the number of attempts to get correct 
answers by the user, which is represented on the GUI and 
saved in the data. 
0168 Scoring method: The sequence game consists of 8 
sequences of images, where these sequences are divided into 
two groups with two types of patterns: colored patterns and 
the geometric patterns used in the previous games. Each 
group of sequences has 4, 6, 8, 10 images respectively. Users 
are asked to remember a total of 56 images in both groups and 
the number of correctly remembered images is counted, with 
a maximum possible score of 56. 
0169. In other embodiments, TAG-Games and SIG 
Blocks address the limitations of existing screening instru 
ments of developmental disabilities by establishing a tangible 
interactive game interface with an embedded sensory feed 
back mechanism for screening, early identification, and diag 
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nosis of developmental disabilities. Games with varying dif 
ficulty can be generated based on a computational measure of 
play complexity associated with each assessment. In one 
embodiment, SIG-Blocks and TAG-Games may be config 
ured to perform fully automated play assessment of behavior 
and performance with augmented sensory feedback to effec 
tively distinguish children with Autism Spectrum Disorders 
(ASD) from non-ASD children. In different embodiments, 
SIG-Blocks and TAG-Games can be configured for use in 
screening, diagnosis, and treatment. In particular, SIG 
Blocks and TAG-Games can provide reprogrammable aug 
mented sensory feedback that enhances visual and auditory 
feedback to a user during play that allows observation of the 
individual and collective effect of augmented sensory feed 
back in behavior and performance. 
0170 Cognitive development may involve a number of 
external and internal factors that may influence the speed of 
the developmental process and the level of cognitive capaci 
ties. Due to the complex nature of intellectual and cognitive 
mechanisms, the actual effects of impaired senses or aug 
mented sensory feedback in an individual's behavior may be 
difficult to measure. To assess certain aspects of individual 
and collective cognitive functions and influences of sensory 
feedback through interactions, in Some embodiments, SIG 
Blocks may include at least two capabilities: LED-mounted 
Surfaces to enable reprogrammable patterns and colors for 
each block and a Sound activation mechanism, as shown, for 
example, in FIG. 16B above. A block may be easily recon 
figured for specific subtests to provide or remove specific 
sensory feedback during an assessment. Augmented visual 
feedback can be programmed by differentiating colors/ 
shapes on each surface. Auditory feedback can be provided in 
a variety of ways, Such as a different alarm Sound for Success 
ful or unsuccessful assembly. In another example, a block 
may be configured on different Surfaces with displays similar 
to those found in cellular telephones and other handheld 
electronics. 

0171 One exemplary test using SIG-Blocks and TAG 
Games may include two sets of play, a presettest (SET-1), and 
free play (SET-2). SET-1 may contain, for example, four 
modules, with a module having six geometric assembly prob 
lems: (module 1) no augmented sensory feedback; (module 
2) enhanced visual feedback; (module 3) activated auditory 
feedback; and (module 4) both visual and auditory feedback 
as summarized in Table 13. A module may include, for 
example, 6 problems with varying difficulty. SET-2 may be 
designed to observe a user's interactions with the blocks and 
the effect of augmented sensory feedback in the duration of 
interactions and behavioral patterns during free play. 

TABLE 13 

An example test may involve two sets of play: (SET-1) 
the preset test with 24 problems and (SET-2) free play. 

Game Types Module 1: None Module 2: V Module 3: S Module 4: V+ S 

SET-1 Easy Sight Enhanced Sight Sight Enhanced Sight 
Difficult Touch Touch Hearing Hearing 

SET-2: Free Play Touch Touch 

Total 24 quizzes: 
6 quizzes with varying difficulty in each module for 4 modules 
None: No additional sensory feedback; 
V; Augmented visual feedback; 
S: Sound feedback 
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0172 Assessor data can be converted and scaled into mul 
tiple (e.g., two) scores, performance and processing speed, 
for comparison with other measures, such as WPPSI-III (a 
full-scale IQ for children). SIG-Blocks and TAG-Games can 
facilitate examining items including, but not limited to: a) the 
effect of augmented sensory feedback in behavior and per 
formance in solving geometric problems; b) the effect of 
augmented sensory feedback in preference, duration of inter 
ests and behavioral patterns; c) correlation between the per 
formance and the computational complexity measure; d) the 
relationship between the effect of augmented sensory feed 
back and complexity of geometric play; and e) group (e.g., 
typical AS and ADHD) differences in the results. 
0173 A preliminary evaluation was conducted: 1) to 
examine accuracy of automated data assessment and consis 
tency and reliability of the collected data; 2) to compare the 
performance data with our computational model of play com 
plexity; 3) to test the preliminary validity of designed TAG 
Games for assessment of associated cognitive skills; and 4) to 
observe additional behavioral characteristics while playing 
TAG-Games. This study was reviewed and approved by the 
Case Western Reserve University (CWRU)'s Institutional 
Review Board. 
0.174. A total of 92 participants were recruited from 
CWRU's campus (46 female, 46 male); 48 of the students 
were from the School of Engineering, and 46 students were 
from the Art and Sciences School. The breakdown of the 92 
participants is provided in Table 14. As shown, most of the 
students from the engineering departments are male, whereas 
a large population of females was recruited from non-engi 
neering departments. Since the percentage of women engi 
neering students is less than the percentage of men, gender is 
unbalanced for this characteristic. Also, non-engineering stu 
dents are mainly from the psychology department. Women 
comprise a larger portion of psychology students than men. 

TABLE 1.4 

Demographic description by gender and (non-) engineering group. 

Frequency Percentage 

Male Engineering 32 34.8 
Arts and Sciences 14 15.2 

Female Engineering 16 17.2 
Arts and Sciences 30 32.6 

Total 92 100 

0.175. Three types of TAG-Games and two subtests of 
Wechsler Adult Intelligence Scale 3" Edition (WASI-III) 
were tested on each subject. TAG-Game" consisted of 20 
assembly items, 10 4-block quizzes and 109-block quizzes: 
TAG-Game involved 10 shape-matching problems; and 
TAG-Game contained 12 sequence memory problems. The 
entire procedure was video recorded under the subject's con 
sent in order to observe the hand manipulation patterns, as 
well as to provide reference data set for accuracy evaluation. 
After finishing all of the sets, a brief survey was conducted to 
determine the subject’s preference among the three TAG 
Games, whether they wanted to participate again, and what 
strategy they used to remember the sequences in the memory 
game. The entire test took about 40-50 minutes. 
0176 The accuracy of the automated assessment was 
determined by comparing the sensor-collected data with 
manually collected data, where video recording provided ref 
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erence data for comparison. To evaluate the proposed com 
putational measure of play complexity, a correlation study 
was conducted between the performance scores and play 
complexity values for each game. Also examined was the 
preliminary validity of TAG-Games for the target measures, 
Such as cognitive problem solving, working memory, and fine 
motor skills, by comparing the TAG-Game scores with block 
design and matrix reasoning subtests in WASI-III. Correla 
tions among these tests were determined. Through statistical 
analysis, gender, age, and major differences in the perfor 
mance scores were examined. 

0177 First, the accuracy of the automated data assess 
ments was evaluated in terms of sensitivity and specificity of 
the binary classification. To see the internal consistency and 
reliability, split-half reliability tests and test-retest reliability 
tests were performed. Also, play complexity models were 
validated with correlation to performance. The results of the 
statistical and correlation analyses with respect to gender and 
department group were presented with general regression 
analyses to determine the interaction of gender within each of 
the department groups. MANOVA was then conducted to 
compare multivariate means of gender and department 
groups. To examine the design validity of the TAG-Game as a 
novel alternative assessment game for WAIS-III, a correlation 
test was performed. 

Accuracy of Automated Data Assessments 

0.178 The assembly detection algorithm was tested for the 
92 participants for 10 items with 4 assembly detections each. 
The total of 3680 detections resulted in 3460 true correct, 204 
false incorrect, 15 true incorrect, and 1 false correct notifica 
tion. Sensitivity and specificity of this binary classification 
was tested and revealed 0.9446 in sensitivity and 0.9375 in 
specificity. 

True Correct Sensitivity= = 0.9446; 
True Correct + False Incorrect 

True Incorrect Specificity= = 0.9375. 
True Incorrect + False Correct 

Internal Consistency and Reliability 

0179 The primary purpose of this study was to determine 
the split-half and short-term test-retest reliability of the TAG 
Games. Such measures provide information on the internal 
consistency and self-correlation of a test, as well as its stabil 
ity over time. 
0180 Split-half internal consistency: Internal consistency 
was examined for TAG-Game" by splitting 20 quizzes into 
two groups {1,4,5,8,9, 12, 13, 16, 17, 20} and {2,3,6,7,10, 
11, 14, 15, 18, 19 where the numbers indicate the quiz 
numbers. Since the complexity of the TAG-Game" increases 
as item number increases, we did not use the odd-even split 
test. The selected item groups have the closest complexity 
values in total. The split-half reliability coefficient of TAG 
Game" was determined by dividing the 20 items of TAG 
Game" into two groups using Spearman's correlation coeffi 
cient. The value was r–0.7709 (p<0.001). 
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0181 Test-retest reliability: 10 subjects were adminis 
trated the TAG-Games on two occasions separated from one 
another by approximately two weeks. The test-retest reliabil 
ity was r–0.720 (p<0.05) for the assembly game, r–0.624 
(p<0.05) for the shape matching game, and r=0.745 (p<0.05). 
FIGS. 42-44 show the Test-retest reliability of the TAG 
Games. 

Validity of Computational Measure of Play Complexity 
0182. The mean time required to complete the assembly 
game versus play complexity was highly correlated, as shown 
in FIG. 45, and assembly performance and assembly com 
plexity was highly correlated, r–0.9533 (p<0.01). Correlation 
between rate of correctness and shape matching play com 
plexity revealed high correlation, r–0.7491 (p<0.05), as 
shown in FIG. 46. Regarding the sequence memory game, 
two sets of games (colored images and SIG-Block images) 
were conducted and demonstrated high correlation between 
the rate of correctness versus play complexity, r-0.8719 (p<0. 
01), as shown in FIG. 47. FIGS. 45-47 show the Play Com 
plexity and Performance versus Quiz Numbers (Assembly, 
Shape Matching, and Sequence Memory). 

Statistical and Correlation Analyses of the Performance 
Scores 

0183 First, TAG-Games and WAIS-III subtests were sum 
marized with mean, median, and standard deviation by gen 
der and department group. Since only the male and female 
differences or engineering and the non-engineering differ 
ences do not guarantee the group differences without inter 
action, factorial ANOVA was conducted with descriptive sta 
tistics. The mean and median values are very close over the 6 
tests with normal distribution. Table 15 shows that the scores 
of male engineering students are higher than other groups 
overall, except for the matrix reasoning. However, the facto 
rial ANOVA results show that there was only one significant 
difference in the assembly game (see Table 16). 

TABLE 1.5 

Summary of performance (Mean, SD, Median) of 
two different group, gender and department. 

Oct. 11, 2012 

TABLE 16 

Factorial ANOVA test by gender and department groups. 

RSquared 
(Adjusted R 

Groups F Sig. Squared) 

TAG-Game Gender 284 496 .1 
Departmen 4.040* .048 (.069) 
Gender & Departmen 5.969* O17 

TAG-Game Gender 1685 198 O22 
Departmen O91 763 (-.011) 
Gender & Departmen 198 658 

TAG-Game' Gender 264 .609 O87 
Departmen 3.410 O68 (.054) 
Gender & Departmen 2.773 .1 

WAIS-III: Gender OO3 957 O41 
Block Departmen 1377 246 (-.017) 
Design Gender & Departmen OO1 979 
WAIS-III: Gender OOS .946 O85 
Matrix Departmen 1.640 2O6 (.030) 
Reasoning Gender & Departmen 1.152 288 
Digit Span Gender O29 865 O75 

Departmen 1478 .235 (-.027) 
Gender & Departmen 106 747 

0.184 The expectations that the assembly game and shape 
matching game are reliable assessments were validated with 
the correlation test shown in Table 17. The assembly game 
and block design game both counted the time for completion 
and the number of errors for scoring it. The assembly game 
and block design subtest scores are significantly correlated 
with r=0.556, and this mirrors that the assembly game can be 
used for assessing hand manipulation and fine motor skills. 
Also, the shape matching game and matrix reasoning games 
are highly correlated with r=0.566. Both the shape matching 
and matrix reasoning games use the same scoring system 
without time limits and test spatial reasoning. Although the 
correlation coefficient is not high enough for strong correla 
tion, block design and matrix reasoning correlation was sig 

WAIS-III: WAIS-III: 

TAG- TAG- TAG- Block Matrix 

Game Game Game" Design Reasoning 

Total Participants 92 92 86 S4 S4 

Possible pts. 1OO 10 56 66 26 

Mean (Std. D.) 68.74 8.59 32.88 52.19 21.02 

(8.90) (1.12) (5.38) (10.52) (2.66) 
Median 70 9 33 55 21 

Male Engineering 71.60 8.75 34.87 56.63 21.88 

(Std. D.) (9.34) (0.92) (5.38) (5.29) (2.36) 
Arts and Sciences 63.07 8.71 30.55 S1.43 21.64 

(Std. D.) (11.54) (0.99) (5.54) (9.91) (1.95) 
Female Engineering 67.94 8.31 32.19 56.50 23.00 

(Std. D.) (4.84) (1.45) (4.79) (2.12) (2.83) 
Arts and Sciences 68.77 8.SO 31.20 51.07 20.37 

(Std. D.) (7.67) (1.20) (5.19) (11.96) (2.92) 

Digit 
Span 

31 

48 

29.90 

(4.98) 
30 

33.50 

(7.78) 
28.5 

(5.10) 
33.00 

(0.00) 
30.11 

(4.80) 
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nificant as well. Regarding the sequence game and digit span, dimensional image using the Surface images of 
the correlation was not high with significant level. Even the plurality of geometric blocks; 
though the sequence game and digit span Subtest are designed 0198 wherein the shape matching problem com 
for assessing short-term memory, the sensory input system is prises: 
not the same. The sequence game uses visual inputs flashing (0199 one geometric block: 
from the monitor whereas digit span gets auditory inputs. If 0200 an incomplete pattern of two-dimensional 
the different sensory inputs take on a different role in working 
memory, the low correlation may make sense. In addition, ric block to complete the pattern using the top 
two subtests of WAIS-III shows relatively high correlation of Surface of the geometric block; 
0.338 while correlations among the TAG-Games are 0.209 0201 wherein the incomplete pattern of two 
and 0.155. dimensional images comprises three images; 

0202 wherein the incomplete pattern of two 
dimensional images comprises eight images; 

0203 wherein the incomplete pattern of two 
dimensional images displayed via the user inter 
face comprises lines representing edges of the 
plurality of geometric blocks; 

1 2 3 4 5 6 0204 an incomplete pattern of three-dimen 
sional images, wherein the goal is to orient the 

images, wherein the goal is to orient the geomet 

TABLE 17 

Correlations of TAG-Games and WAIS-III subtests. 

Correlation r 

1. TAG-Game 
2. TAG-Game 177 geometric block to complete the pattern using 
3. TAG-Game" 209 -.026 the Surface images of the geometric block; 
4. WAIS-III Block design 556** 155 281 0205 a plurality of SIG-Blocks; 

:::::: : 

Will Matrix 211 566** .087 .338 0206 an incomplete pattern of two or three 
6. Digit span -.014 232 329 .044 O2S dimensional images, wherein the goal is to orient 

the geometric blocks to recreate and complete 
the pattern using the Surface images of the geo 
metric blocks; 

0207 wherein the sequence memory problem 
comprises: 
0208 one geometric block; 
0209 a plurality of geometric blocks; 
0210 a sequence of two-dimensional images, 
wherein the goal is to repeatedly reorient the 
geometric block such that the top surface of the 
geometric block recreates the sequence of two 
dimensional images; 
wherein the two-dimensional images of the 
sequence are displayed at the same time for a 
predetermined time; 
wherein the two-dimensional images of the 

*Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) 

0185. Other embodiments may include one or more of the 
features below: 
0186 1. A method of using a geometric block to assess a 
user capability, including: 

0187 providing at least one geometric block to a user, 
wherein the at least one geometric block includes: 

0188 providing a user interface to display information 
to the user, wherein the information includes a goal of at 
least one assessment exercise, wherein the goal of the at 
least one assessment exercise includes a target orienta 
tion of the at least one geometric block; 
0189 wherein the user interface comprises a video 
recording system; 

0.190 wherein the at least one assessment exercise 
comprises an assembly problem, a shape matching 
problem, or a sequence memory problem; 
0191 wherein the assembly problem comprises: 

0.192 a plurality of geometric blocks; 
0193 a target two-dimensional image, wherein 
the goal is to assemble the plurality of geometric 
blocks to recreate the target two-dimensional 
image using the top surfaces of the plurality of 
geometric blocks; 

0194 wherein the assembly problem comprises 
four geometric blocks and the target orientation 
is a two-by-two block configuration; 

0.195 wherein the assembly problem comprises 
nine geometric blocks and the target orientation 
is a three-by-three block configuration; 

0.196 wherein the target two-dimensional 
image displayed via the user interface comprises 
lines representing edges of the plurality of geo 
metric blocks; 

0.197 a target three-dimensional images, 
wherein the goal is to assemble the plurality of 
geometric blocks to recreate the target three 

sequence are displayed individually in sequence; 
wherein the two-dimensional images are geo 
metric patterns; 
wherein the two-dimensional images are colors; 

0211 automatically transmitting the motion data or 
position data of the geometric block as the user attempts 
to achieve the goal of the at least one assessment exer 
cise; 
0212 wherein the motion data or position data is 
transmitted wirelessly; 
0213 wherein the motion data or position data is 
transmitted using the Zigbee protocol; 

0214 wherein the motion data or position data is 
transmitted to an assessor device; 

0215 wherein the motion data or position data is 
transmitted to an intermediate device; 
0216 wherein the intermediate device is a local 
computer, a mobile phone, or a mobile device; 

0217 wherein the motion data or position data is 
transmitted to an assessor device from the interme 
diate device; 
0218 wherein the motion data or position data 

is transmitted to the assessor device via a net 
work; 
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0219 wherein the assessor device is located in a 
remote location; 

0220 automatically transmitting the final orientation of 
the at least one geometric block based on the motion data 
or position data; 

0221 wherein the user is presented with a series of 
assessment exercises; 
0222 wherein a Subsequent assessment exercise is 
determined based on a performance score of at least 
one previous assessment exercise; 
0223 wherein the subsequent assessment exercise 
has a higher complexity thana previous assessment 
exercise; 

0224 wherein the subsequent assessment exercise 
has a lower complexity than a previous assessment 
exercise; 

0225 wherein the complexity of the subsequent 
assessment exercise is determined automatically; 

0226 wherein the use of the at least one geometric 
block is associated with a game; 
0227 wherein the use of the at least one geometric 
block is associated with a multi-player game; 

0228 wherein the use of the at least one geometric 
block is associated with on-line gaming; 

0229 wherein the at least one geometric block, user 
interface, or other device includes an audio device for 
producing auditory feedback during the at least one 
assessment exercise; 

0230 wherein the at least one geometric block, user 
interface, or other device includes a feedback display for 
producing visual feedback during the at least one assess 
ment exercise; 
0231 wherein the feedback display comprises at 
least one LED: 

0232 wherein the at least one assessment exercise is 
associated with mathematics, engineering, circuit 
design, or logic algorithms; 

0233 wherein the at least one assessment exercise is 
designed to assess intelligence, achievement, learning 
capability, motor proficiency, spatial memory, or atten 
tion; 

0234 wherein the at least one assessment exercise is 
designed to diagnose symptoms associated with Autism 
Spectrum Disorders (ASD) or Attention-Deficit Hyper 
activity Disorders (ADHD), 

0235 2. A method of assessing a user capability, includ 
ing: 

0236 providing at least one geometric block to a user, 
wherein the at least one geometric block includes: 

0237 providing a user interface to display information 
to a user, wherein the information includes a goal of at 
least one assessment exercise, wherein the goal of the at 
least one assessment exercise includes a target orienta 
tion of the geometric block; 
0238 wherein the at least one assessment exercise is 
an assembly problem, a shape matching problem, or a 
sequence memory problem; 

0239 providing an assessor interface to display infor 
mation to a assessor, wherein the information includes a 
current state of the at least one assessment exercise; 
0240 wherein the assessor interface receives motion 
data or position data; 
0241 wherein the motion data or position data is 
received wirelessly; 
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0242 wherein the motion data or position data 
is received using the Zigbee protocol; 

0243 wherein the motion data or position data is 
received automatically; 

0244 wherein the motion data or position data is 
received as the user attempts to achieve the goal of 
the assessment exercise; 

0245 wherein the motion data or position data is 
received after the user attempts to achieve the goal 
of the assessment exercise; 
0246 wherein the motion data or position data 

is received from an intermediate device; 
0247 wherein the motion data or position data is 
received via a network, determining a complexity 
associated with achieving the target orientation; 

0248 wherein the complexity indicates an amount of 
uncertainty reduced by Successfully completing the 
assessment exercise; 

0249 wherein the complexity is based on an infor 
mation-theoretic approach; 

0250 wherein the complexity is based at least in part 
on the symmetry of the different geometric patterns 
on the sides of the at least one geometric block; 

0251 receiving the motion data or position data of the 
geometric block; 

0252 automatically analyzing the movement of the 
geometric block based on the motion data or position 
data; 
0253 wherein analyzing the movement of the geo 
metric block comprises determining step by step cor 
rectness/incorrectness; 

0254 wherein analyzing the movement of the geo 
metric block comprises determining incremental 
completion time; 

0255 wherein analyzing the movement of the geo 
metric block comprises determining total completion 
time; 

0256 wherein analyzing the movement of the geo 
metric block comprises detecting repetitive and 
hyperactive behaviors; 

0257 wherein analyzing the movement of the geo 
metric block comprises analyzing how the blocks are 
manipulated; 

0258 wherein analyzing the movement of the geo 
metric block comprises analyzing how long it takes 
the user to complete certain tasks: 

0259 wherein analyzing the movement of the geo 
metric block comprises analyzing manipulation pat 
terns; 

0260 wherein analyzing the movement of the geo 
metric block comprises analyzing how data changes 
over time through repeated assessments; 

0261 wherein analyzing the movement of the geo 
metric block comprises analyzing how data changes 
based on varying levels of Support; 
0262 wherein support comprises auditory feed 
back or visual feedback during the at least one 
assessment exercise; 

0263 wherein analyzing the movement of the geo 
metric block comprises filtering the motion data or 
position data; 
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0264 wherein analyzing the movement of the geo 
metric block comprises use of Fast Fourier Trans 
forms (FFT) for identifying a dominant frequency 
area of motions; 

0265 automatically determining the current state of the 
assessment exercise based on the motion data or position 
data; 

0266 automatically determining assessment exercise 
milestones of the assessment exercise based on the 
motion data or position data; 

0267 automatically determining intermediate orienta 
tions of the at least one geometric block based on the 
motion data or position data; 

0268 automatically determining the final orientation of 
the at least one geometric block based on the motion data 
or position data; 

0269 automatically determining a performance score 
of the user capability based at least in part on correct 
ness, time, and quiz complexity of the at least one assess 
ment exercise; 

0270 automatically presenting the user with a series of 
assessment exercises; 
0271 wherein a subsequent assessment exercise is 
determined based on the assessment score of at least 
one previous assessment exercise; 
0272 wherein the subsequent assessment exercise 
has a higher complexity thana previous assessment 
exercise; 

0273 wherein the subsequent assessment exercise 
has a lower complexity than a previous assessment 
exercise; 

0274 wherein the complexity of the subsequent 
assessment exercise is determined automatically; 

0275 changing the support associated with the subse 
quent assessment exercise; 
0276 wherein support comprises auditory feedback, 
visual feedback or tactile feedback during the assess 
ment exercise; 

0277 preparing an assessor data report comprising the 
performance score, the Support, the behaviors, or the 
complexity; 
0278 wherein data of the assessor data report is cor 
related with another standardized measure for assess 
ing the user capability; 

0279 wherein the at least one assessment exercise is 
associated with mathematics, engineering, circuit 
design, or logic algorithms; 

0280 wherein the at least one assessment exercise is 
designed to assess intelligence, achievement, learning 
capability, motor proficiency, spatial memory, or atten 
tion; 

0281 wherein the at least one assessment exercise is 
designed to diagnose symptoms associated with Autism 
Spectrum Disorders (ASD) or Attention-Deficit Hyper 
activity Disorders (ADHD). 

0282. 3. A geometric block for use in assessing a user 
capability, comprising: 

0283 a covering associated with an assessment exer 
cise; 
0284 wherein the covering comprises 6 different 
geometric images, each with 1-, 2-, or 4-fold symme 
try; 
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0285 wherein the covering is re-attachable; 
0286 wherein the covering is reconfigurable: 

0287 at least one LED: 
0288 wherein the geometric block comprises at least 
one LED on each of a plurality of sides of the geo 
metric block; 

0289 wherein the geometric block comprises at least 
one LED on each side of geometric block; 

0290 at least one display for displaying information to 
the user; 
0291 wherein the display is a screen; 
0292 wherein the display comprises at least one 
LED: 

0293 wherein the display is programmable: 
0294 wherein the display is programmed with dif 
ferent shapes for different assessment exercises; 

0295 wherein the display is programmed with dif 
ferent colors for different assessment exercises; 

0296 wherein the geometric block comprises a dis 
play on a plurality of sides of the geometric block; 

0297 wherein the sides are plastic; 
0298 wherein the sides are covered with a soft mate 

rial, for example a silicon sheet; 
0299 wherein the geometric block comprises a dis 
play on each side of geometric block; 

0300 wherein the covering covers each side with a 
different color; 

0301 wherein the covering covers each side with a 
different geometric image: 

0302 wherein the geometric block is a six-sided 
cube: 
0303 wherein the covering covers each side with a 
different geometric pattern; 

0304 a processor; 
0305 wherein the processor is a microprocessor; 
0306 wherein the processor comprises an analog-to 
digital converter, 

0307 wherein the processor includes a timer; 
0308 an integrated circuit; 
0309 at least one battery; 

0310 wherein the at least one battery is rechargeable: 
0311 wherein the at least one battery is recharged 
using a USB cable connected to a power source: 

0312 wherein the geometric block uses four AAA 
batteries; 

0313 wherein the geometric block uses Li-ion poly 
mer batteries; 

0314 at least one motion sensor to determine motion 
data of the geometric block; 
0315 wherein the at least one motion sensor is an 
inertial measurement unit; 
0316 wherein the inertial measurement unit com 
prises a plurality of axes; 

0317 wherein the at least one motion sensor is a 
gyroscope; 

0318 wherein the at least one motion sensor is an 
accelerometer, 
0319 wherein the accelerometer is a tri-axial 
accelerometer, 

0320 wherein the accelerometer comprises signal 
conditioning, a low-pass filter, temperature com 
pensation, and sensitivity selection; 

0321 wherein the geometric block comprises a 
plurality of accelerometers; 
0322 wherein the plurality of accelerometers 
are oriented orthogonally to each other; 
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0323 wherein the at least one motion sensor is a tilt 
Sensor; 
0324 wherein the geometric block comprises a 
plurality of tilt sensors: 
0325 wherein the plurality of tilt sensors are 
oriented orthogonally to each other; 

0326 at least one position sensor to determine position 
data of the geometric block; 
0327 wherein the at least one position sensor is an 
optical sensor; 
0328 wherein the optical sensor comprises an 
infrared emitting diode and an infrared phototrans 
istor to detect the reflected signal; 

0329 wherein the at least one position sensor is an 
proximity sensor; 

0330 wherein the at least one position sensor is an 
infrared (IR) sensor, 

0331 wherein the at least one position sensor is an 
contact Sensor, 
0332 wherein the contact sensor is an electrical 
circuit; 
0333 wherein the electrical circuit is open or 
closed based on position; 

0334 wherein the at least one position sensor is a 
magnet and magnetic Switch; 

0335 wherein the at least one position sensor is a 
magnet and Hall-effect sensor; 

0336 wherein the at least one position sensor is 
inductive coil or LED and photo-detector to transfer 
information to and from the geometric block; 

0337 wherein the geometric block comprises a posi 
tion sensor associated with a plurality of sides of the 
geometric block; 

0338 wherein the geometric block comprises a posi 
tion sensor associated with each side of the geometric 
block; 

0339 at least one grip sensor to determine a gripping of 
the geometric block; 
0340 wherein the at least one grip sensor is a tactile 
sensor, a temperature sensor, an optical proximity 
sensor, or a resistive sensor; 

0341 wherein the geometric block comprises a grip 
sensor associated with a plurality of sides of the geo 
metric block; 

0342 wherein the geometric block comprises a grip 
sensor associated with each side of the geometric 
block; 

0343 wherein the geometric block comprises a MEMS 
Sensor, 
0344 wherein the MEMS sensor is a mote; 

(0345 a transmitter for transmitting data; 
0346 wherein the transmitted data comprises orien 
tation of the geometric block, assembly detection 
among adjacent geometric blocks, time at assembly 
phases, or total game completion; 

0347 wherein the motion data or position data is 
transmitted wirelessly; 

0348 wherein the motion data or position data is 
transmitted using a TinyOS or Zigbee protocol; 

0349 wherein the motion data or position data is 
transmitted to a receiving device; 
0350 wherein the receiving device is an interme 
diate device; 
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0351 wherein the receiving device is an assessor 
device; 

0352 wherein the receiving device is another geo 
metric block; 

0353 a receiver for receiving data; 
0354 wherein the data is received using a TinyOS or 
Zigbee protocol; 

0355 wherein a communication module comprises the 
transmitter and the receiver; 
0356 wherein the communication module is an 
XBee device; 

0357 wherein a core module comprises the processor, 
the communication module, the integrated circuit, the at 
least one motion sensor, the at least one position sensor, 
and the at least one battery; 

0358 wherein the geometric block comprises a unique 
identifier; 
0359 wherein the unique identifier is an RFID; 

0360 an audio device for producing auditory feedback: 
0361 wherein the auditory feedback is indicative of 
correct and incorrect positioning: 

0362) a vibration device for producing vibratory feed 
back; 
0363 
motor; 

0364 wherein the geometric block is configured as an 
insertion block for insertion into an opening: 

0365 wherein the geometric block is configured as an 
assembly block for assembly with other geometric 
blocks; 

0366 wherein the geometric block is configured as a 
reconfiguration block for changing the shape of the 
reconfiguration block; 
0367 wherein the reconfiguration block comprises 
rotational or translational joints. 
4. A system for assessing a user capability, compris 

wherein the vibration device is a vibrating 

0368 
ing: 

0369 at least one geometric block comprising: 
0370 a user interface to display information to a user, 
wherein the information includes a goal of the assess 
ment exercise, wherein the goal of the assessment exer 
cise includes a target orientation of the geometric block: 

0371 an assessor interface to display assessment infor 
mation to an assessor; 
0372 wherein the assessment information com 
prises: 
0373) a current state of the assessment exercise; 
0374 wherein the current state comprises incre 
mental completion time; 

0375 wherein the current state comprises total 
completion time; 

0376 wherein the current state comprises accel 
eration data; 

0377 wherein the current state comprises a 
graphical representation of the current configu 
ration; 
wherein the graphical representation is a three 
dimensional model; 

0378 wherein the current state comprises a real 
time animation of the assembly configurations 
of the at least one geometric block; 

0379 a summary of assessment exercise mile 
Stones; 
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0380 wherein the assessor interface includes a 
receiver for receiving data associated with the geo 
metric block, comprising the motion data or position 
data of the geometric block; 
0381 wherein the motion data or position data is 
received wirelessly; 
0382 wherein the motion data or position data 
is received using the Zigbee protocol; 

0383 wherein the motion data or position data is 
received automatically; 

0384 wherein the motion data or position data is 
received as the user attempts to achieve the goal of 
the assessment exercise; 

0385 wherein the motion data or position data is 
received after the user attempts to achieve the goal 
of the assessment exercise; 
0386 wherein the motion data or position data 

is received from an intermediate device; 
(0387 wherein the assessor interface is located in a 
remote location; 

0388 an external measurement device attached to the 
user to detect activity directly from motions of the user; 
0389 wherein the external measurement device 
comprises user motion sensors; 
0390 wherein the user motion sensors comprise 
user accelerometers; 

0391 wherein the at least one geometric block, user 
interface, assessor interface or other device includes an 
audio device for producing auditory feedback during the 
at least one assessment exercise; 

0392 wherein the at least one geometric block, user 
interface, assessor interface, or other device includes a 
feedback display for producing visual feedback during 
the at least one assessment exercise; 
0393 wherein the feedback display comprises at 
least one LED. 

0394 While the invention is described herein in conjunc 
tion with one or more exemplary embodiments, it is evident 
that many alternatives, modifications, and variations will be 
apparent to those skilled in the art. Accordingly, exemplary 
embodiments in the preceding description are intended to be 
illustrative, rather than limiting, of the spirit and scope of the 
invention. More specifically, it is intended that the invention 
embrace all alternatives, modifications, and variations of the 
exemplary embodiments described herein that fall within the 
spirit and scope of the appended claims or the equivalents 
thereof. Any element in a claim that does not explicitly state 
“means for performing a specified function, or “step for 
performing a specific function, is not to be interpreted as a 
“means” or “step” clause as specified in 35 U.S.C. S112, 6. 
In particular, the use of “step of in the claims herein is not 
intended to invoke the provisions of 35 U.S.C. S 112, 6. 

What is claimed is: 
1. A block for use in assessing a user, comprising: 
a control unit; 
a power source: 
a movement sensor in circuit communication with the con 

trol unit for detecting movement of the block and gen 
erating and communicating to the control unit move 
ment data from which at least one of the orientation of 
the block and other movement of the block can be deter 
mined; 
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a transmitterin circuit communication with the control unit 
for transmitting movement data to a remote computer; 
and 

a cover enclosing the control unit, the power source, the 
movement sensor, and the transmitter, the cover having 
at least six sides upon which the block can rest, each side 
having a face, and while the block is resting on a side, 
another side is facing upwards with its face exposed, and 
other sides are exposed or facing another block; 

and wherein the block is further characterized by any one 
or by any two or more of the following: 
(a) at least one of the sides is capable of selectively 

presenting one of at least two different face images 
responsive to the control unit, each of the at least two 
different face images having a different symmetry 
selected from no symmetry, one-fold symmetry, two 
fold symmetry, and four-fold symmetry, permitting 
assessments of different difficulties using the same 
block; 

(b) each of the sides further comprises a proximity sen 
sor in circuit communication with the control unit for 
detecting the positioning of an object proximate that 
side and generating and communicating to the control 
unit proximity data, the control unit transmitting via 
the transmitter proximity data for each block side to 
the remote computer; 

(c) at least one of the sides has one or more indentations 
into which a piece may be inserted and each of the at 
least one sides further comprises a first sensor in cir 
cuit communication with the control unit for detecting 
the insertion of the piece into the indentation and 
generating and communicating to the control unit 
insertion data, the control unit transmitting via the 
transmitter insertion data for each of the at least one 
sides to the remote computer; 

(d) each of the sides has at least one magnet positioned to 
physically couple to a second block when one face of 
the block is proximate to one face of the second block 
and their edges are aligned; and 

(e) the block is one of a plurality of blocks in a block 
assembly, wherein movement of one or more of the 
plurality of blocks of the block assembly is limited by 
rotating or sliding mechanisms of the block assembly. 

2. The block for use in assessing a user according to claim 
1, wherein the movement sensor comprises three generally 
orthogonal accelerometers or gyroscopic sensors in circuit 
communication with the control unit positioned inside the 
COV. 

3. The block for use in assessing a user according to claim 
1, wherein the movement data transmitted by the control unit 
via the transmitter to the remote computer comprises at least 
one of raw data from the movement sensor and data deter 
mined from the raw data from the movement sensor. 

4. The block for use in assessing a user according to claim 
1, wherein at least one of the sides comprises at least one lamp 
capable of selective illumination responsive to the control 
unit and where each side is capable of selectively presenting 
one of at least two different face images having a different 
symmetry responsive to the control unit selectively illuminat 
ing the lamp, permitting assessments of different difficulties 
using the same block. 

5. The block for use in assessing a user according to claim 
1, wherein each of the sides is capable of selectively present 
ing responsive to the control unit either: 
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(a) a face image having no symmetry, or a face having 
one-fold symmetry, or a face image having two-fold 
symmetry, or a face image having four-fold symmetry; 
O 

(b) a face image having no symmetry, or a face image 
having one-fold symmetry, or a face image having two 
fold symmetry; or 

(c) a face image having no symmetry, or a face image 
having one-fold symmetry, or a face image having four 
fold symmetry; or 

(d) a face image having no symmetry, or a face image 
having two-fold symmetry, or a face image having four 
fold symmetry; or 

(e)a face image having one-fold symmetry, or a face image 
having two-fold symmetry, or a face image having four 
fold symmetry; or 

(f) a face image having no symmetry or a face image having 
one-fold symmetry; or 

(g) a face image having no symmetry or a face image 
having two-fold symmetry; or 

(h) a face image having no symmetry or a face image 
having four-fold symmetry; or 

(i) a face image having one-fold symmetry or a face image 
having two-fold symmetry; or 

() a face image having two-fold symmetry or a face image 
having four-fold symmetry; or 

(k) a face image having one-fold symmetry or a face image 
having four-fold symmetry. 

6. The block for use in assessing a user according to claim 
1, wherein the proximity sensor of each of the sides comprises 
at least one of the following: 

(a) an electromagnetic transmitter receiver pair in circuit 
communication with the control unit and positioned 
within the cover to detect the positioning of an object 
proximate a respective side of the block; and 

(b) at least two electrical contacts in circuit communication 
with the control unit and extending from the face of the 
block to physically contact an electrically conductive 
portion of an object proximate the block and the control 
unit determines that the object having the electrically 
conductive portion is proximate the block using an elec 
trical path from one of the electrical contacts, through 
the electrically conductive portion of the object, and 
back through another of the electrical contacts; 

(c) at least two spring-loaded electrical contacts in circuit 
communication with the control unit and extending from 
the face of the block to physically contact an electrically 
conductive portion of an object proximate the block and 
the control unit determines that the object having the 
electrically conductive portion is proximate the block 
using an electrical path from one of the electrical con 
tacts, through the electrically conductive portion of the 
object, and back through another of the electrical con 
tacts; and 

(d) a spring-loaded switch on the face of the block in circuit 
communication with the control unit to physically sense 
contact with an object proximate the block and the con 
trol unit determines that the object is proximate the 
block using an electrical path through the Switch. 

7. The block for use in assessing a user according to claim 
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object is proximate that one side while the movement sensor 
indicates that there is no substantial movement of the block. 

8. The block for use in assessing a user according to claim 
1, wherein the block is characterized at least by 1 (d) and 
wherein the at least one magnet positioned to physically 
couple to the second block is strong enough to hold the block 
and the second block together, overcoming the force of grav 
ity. 

9. The block for use in assessing a user according to claim 
1, wherein the transmitter wirelessly transmits the data cor 
responding to movement of the block to the remote computer 
directly or via another block receiving and retransmitting the 
data to the remote computer. 

10. The block for use in assessing a user according to claim 
1: 

wherein the at least one block is characterized by at least 
1(a), 1(b), and 1 (d); 

wherein the movement sensor comprises three generally 
orthogonal accelerometers or gyroscopic sensors in cir 
cuit communication with the control unit positioned 
inside the cover; 

wherein at least one of the sides comprises at least one lamp 
capable of selective illumination responsive to the con 
trol unit and where each side is capable of selectively 
presenting one of at least two different face images hav 
ing a different symmetry responsive to the control unit 
Selectively illuminating the lamp, permitting assess 
ments of different difficulties using the same block; 

wherein each of the sides is capable of selectively present 
ing responsive to the control unit either: 
(a) a face image having no symmetry, or a face having 

one-fold symmetry, or a face image having two-fold 
symmetry, or a face image having four-fold symme 
try; or 

(b) a face image having no symmetry, or a face image 
having one-fold symmetry, or a face image having 
two-fold symmetry; or 

(c) a face image having no symmetry, or a face image 
having one-fold symmetry, or a face image having 
four-fold symmetry; or 

(d) a face image having no symmetry, or a face image 
having two-fold symmetry, or a face image having 
four-fold symmetry; or 

(e) a face image having one-fold symmetry, or a face 
image having two-fold symmetry, or a face image 
having four-fold symmetry; or 

(f) a face image having no symmetry or a face image 
having one-fold symmetry; or 

(g) a face image having no symmetry or a face image 
having two-fold symmetry; or 

(h) a face image having no symmetry or a face image 
having four-fold symmetry; or 

(i) a face image having one-fold symmetry or a face 
image having two-fold symmetry; or 

() a face image having two-fold symmetry or a face 
image having four-fold symmetry; or 

(k) a face image having one-fold symmetry or a face 
image having four-fold symmetry, 

wherein the at least one magnet positioned to physically 
couple to a second block is strong enough to pull the 
block and the second block together when the distance 

1, wherein the control unit determines that one side of the 
block is proximate one of another block and a Support Surface 
in response to one of the proximity sensors indicating that an 

between faces is about /2 inch or less, but not greater 
than 1 inch, when one face of the block is proximate to 
one face of the second block and their edges are aligned. 
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11. The block for use in assessing a user according to claim 
1, wherein the cover is re-attachable or reconfigurable. 

12. The block for use in assessing a user according to claim 
1, further including a receiver in circuit communication with 
the control unit for receiving data from other blocks, the 
remote computer, or other devices, wherein a communication 
module comprises the receiver and the transmitter. 

13. The block for use in assessing a user according to claim 
1, wherein the block is configured as: 

an insertion block for insertion into an opening; 
an assembly block for assembly with other geometric 

blocks; or 
a reconfiguration block for changing the shape of the 

reconfiguration block, wherein the reconfiguration 
block comprises rotational or translational joints. 

14. The block for use in assessing a user according to claim 
1, wherein the block is characterized at least by 1 (d) and 
wherein the at least one magnet positioned to physically 
couple to the second block is strong enough to pull the block 
and the second block together when the distance between 
faces is about/2 inch or less, but not greater than 1 inch, when 
one face of the block is proximate to one face of the second 
block and their edges are aligned. 

15. A method of using a geometric block to assess a user, 
comprising: 

providing at least one block having a control unit in circuit 
communication with a transmitter and at least one move 
ment sensor, the control unit capable of transmitting via 
the transmitter movement data corresponding to the 
movement of the block, and the control unit, the trans 
mitter and the at least one movement sensor being posi 
tioned in an enclosure of the block; 

presenting to the user via a programmable display an image 
showing a target orientation of the at least one block and 
visual feedback based on user progress; 

the control unit performing at least one of: 
(a) automatically transmitting movement data about the 

block to a remote computer while the user manipu 
lates the block toward the target orientation; 

(b) automatically collecting movement data about the 
block while the user manipulates the block toward the 
target orientation and then later transmitting move 
ment data to a remote computer, and 

(c) automatically transmitting movement data about the 
block to an intermediate device while the user 
manipulates the block toward the target orientation 
and then later transmitting movement data to a remote 
computer from the intermediate device, wherein the 
intermediate device is a local computer, a mobile 
phone, or a mobile device; 

generating an assessment of the user based at least in part 
on movement data transmitted to the remote computer 
by the control unit; 

storing in a computer memory the movement data for later 
use; and 

displaying or transmitting the assessment of the user. 
16. The method of using a geometric block to assess a user 

according to claim 15, further comprising calculating and 
storing in a computer memory a difficulty level of the assess 
ment using at least one entropy value calculated at least in part 
using the at least one characteristic of the target orientation of 
the at least one block. 
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17. The method of using a geometric block to assess a user 
according to claim 16, wherein the difficulty level of the 
assessment is predetermined automatically by the remote 
computer. 

18. The method of using a geometric block to assess a user 
according to claim 16, wherein the difficulty level of a sub 
sequent assessment is predetermined automatically based at 
least in part on a performance score of a previous assessment. 

19. The method of using a geometric block to assess a user 
according to claim 16, wherein the assessment is: 

associated with mathematics, engineering, circuit design, 
or logic algorithms; 

designed to assess intelligence, achievement, learning 
capability, motor proficiency, spatial memory, working 
memory, or attention; or 

designed to diagnose symptoms associated with Autism 
Spectrum Disorders (ASD), Attention-Deficit Hyperac 
tivity Disorders (ADHD), Traumatic Brain Injuries 
(TBI), dementia, and other health problems related to 
physical or cognitive impairments. 

20. The method of using a geometric block to assess a user 
according to claim 16, wherein the entropy value (C) used 
to calculate the difficulty level of the assessment is based on 
the complexity of the assessment using an information-theo 
retic approach and calculated using the following equation: 

Cplay-Hinitial Hfinal 

wherein H" is the discrete entropy for a given set of geo 
metric blocks before play and H" is the discrete entropy 
computed for the blocks after a user accomplishes the goal. 

21. The method of using a geometric block to assess a user 
according to claim 20, wherein the complexity is based at 
least in part on the symmetry of different geometric patterns 
on the sides of the at least one geometric block. 

22. The method of using a geometric block to assess a user 
according to claim 15, further comprising providing at least 
one of sensory, auditory, visual, or tactile Support during the 
aSSeSSment. 

23. The method of using a geometric block to assess a user 
according to claim 22, wherein the Support is changed for a 
Subsequent assessment. 

24. The method of using a geometric block to assess a user 
according to claim 15, wherein the assessment comprises an 
assessor data report comprising at least one of a performance 
score, support information, identified behaviors, and diffi 
culty of the assessment. 

25. The method of using a geometric block to assess a user 
according to claim 15, wherein the assessment is correlated 
with another standardized measure for assessing the user. 

26. The method of using a geometric block to assess a user 
according to claim 15, wherein the target orientation is asso 
ciated with an assembly problem, a shape matching problem, 
or a memory problem. 

27. The method of using a geometric block to assess a user 
according to claim 15, wherein generating an assessment of 
the user based at least in part on movement data transmitted to 
the remote computer by the control unit comprises analyzing 
an orientation and movement of the block from the movement 
data as the user moved the block from an initial orientation to 
the target orientation and calculating and storing at least one 
value based on the movement data. 

28. The method of using a geometric block to assess a user 
according to claim 15, wherein generating an assessment of 
the user based at least in part on movement data transmitted to 
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the remote computer by the control unit comprises calculat 
ing and storing in a computer memory a performance score 
for the user based at least in part on (a) correctness of the final 
orientation of the at least one block relative to the target 
orientation of the block based on at least the movement data 
sent from the block, (b) total completion time, and (c) diffi 
culty of the assessment. 

29. The method of using a geometric block to assess a user 
according to claim 15, wherein the transmitter further trans 
mits time at assembly phases or total assessment time, and 
wherein generating an assessment of the user based at least in 
part on movement data transmitted to the remote computer by 
the control unit comprises: 

determining step by step correctness/incorrectness; 
determining incremental completion time; 
determining total completion time; 
detecting repetitive and hyperactive behaviors; 
analyzing how the at least one block is manipulated; 
analyzing manipulation patterns; 
analyzing how data changes over time through repeated 

assessments; and 
analyzing how data changes based on varying levels of 

Support. 
30. The method of using a geometric block to assess a user 

according to claim 15: 
wherein the block comprises at least six sides; and 
wherein at least one of the sides of the block are capable of 

selectively presenting one of at least two different face 
images responsive to the control unit, each of the at least 
two different face images having a different symmetry 
Selected from no symmetry, one-fold symmetry, two 
fold symmetry, and four-fold symmetry permitting 
assessments of different difficulties; and 

further comprising: 
communicating to the control unit a desired face image 

corresponding to a level of complexity for at least two 
faces of the block; and 

prior to the user manipulating the block toward the target 
orientation, the control unit causing the at least two faces 
of the block to each present the desired face image. 

31. The method of using a geometric block to assess a user 
according to claim 15: 

wherein providing at least one block comprises providing 
at least two blocks, each block having a control unit in 
circuit communication with a transmitter and at least one 
movement sensor, the control unit capable of transmit 
ting via the transmitter movement data corresponding to 
the movement of the block, and the control unit, the 
transmitter and the at least one sensor being positioned 
in an enclosure of the block; 

wherein the at least two blocks each comprises at least six 
sides; and 

wherein at least one of the sides of the at least two blocks 
are capable of selectively presenting one of at least two 
different face images responsive to the control unit, each 
of the at least two different face images having a differ 
ent symmetry selected from no symmetry, one-fold 
symmetry, two-fold symmetry, and four-fold symmetry 
permitting assessments of different difficulties; 

further comprising communicating to the respective con 
trol unit for at least two of the blocks a complexity value 
corresponding to a level of complexity the faces of the 
respective block; 
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wherein prior to the user manipulating the block toward the 
target orientation, the control units of the at least two 
blocks cause the at least one face of the block to present 
a face image having a degree of symmetry correspond 
ing to the complexity value for that face; 

wherein presenting to the user via a display an image 
showing a target orientation of the at least one block 
comprises presenting to the user via a display an image 
showing a target orientation of the at least four blocks; 

wherein generating an assessment of the user based at least 
in part on movement data transmitted to the remote 
computer by the control unit comprises calculating and 
storing in a computer memory a performance score for 
the user based at least in part on (a) correctness of the 
final orientation of the at least one block relative to the 
target orientation of the block based on at least the move 
ment data sent from the block, (b) total completion time, 
and (c) difficulty of the assessment. 

32. A computer system capable of assessing a user using a 
geometric block, comprising: 

at least one block having a control unit in circuit commu 
nication with a transmitter and at least one movement 
sensor, the control unit capable of transmitting via the 
transmitter movement data corresponding to the move 
ment of the block, the control unit, the transmitter and 
the at least one sensor being positioned in an enclosure 
of the block, and the control unit performing at least one 
of: 
(a) automatically transmitting movement data about the 

block to a remote computer while the user manipu 
lates the block toward the target orientation; and 

(b) automatically collecting movement data about the 
block while the user manipulates the block toward the 
target orientation and then later transmitting move 
ment data to a remote computer, 

a computer system having at least a first display for dis 
playing an image showing a target orientation of the at 
least one block; 

a receiver for receiving movement data transmitted by the 
control unit of the at least one block via the transmitter; 
and 

a processor configured to: 
generate an assessment of the user based at least in part 
on movement data transmitted to the remote computer 
by the control unit; 

store in a memory of the computer system the movement 
data for later use; and 

display or transmit the assessment of the user. 
33. The computer system capable of assessing a user using 

a geometric block according to claim 32, wherein the proces 
sor is further configured to calculate and store in a computer 
memory a difficulty level of the assessment using at least one 
entropy value calculated at least in part using the at least one 
characteristic of the target orientation of the at least one block. 

34. The computer system capable of assessing a user using 
a geometric block according to claim 32, further comprising 
an assessor interface comprising at least a second display for 
displaying assessment information to an assessor. 

35. The computer system capable of assessing a user using 
a geometric block according to claim34, wherein the assessor 
interface is located in a remote location. 
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