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Chapter 1.
Information

Figure 1.1: redraw

1.1. What is Information?.��
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Figure 1.2: Note how much context must be inferred to understand the pictures. (redraw)(check permission).
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Figure 1.3: People actively interpret what is going on in the world based on their experiences.

+?*�( Y
�������R�%2�Y\�[��#0*���#y��'�()����*���� *D�R#y�������R��b\��

�g���
��G!��'��D� Gg�
*D�1� ��������������'�( ���J�����B��5�Y
�D��*��
���EUAQR2`����( Y���'^9
*D����� =>#y������������� ����������'�
���������b\��

�R���
�L���?��*D��� *��?����'�������*����J��'��[�����
��'�������2)(-
��M�B( ��'�����

b�]^������* ; �fUx� �4������� ���
��� ; �[b\����*���# �g��b\��

����
��1�J���
*��
�f��U_+?�?��*D��� �M��*��������L*D� ; ��'�2`��*�~ ��'����?�R#y'���( ������

'���� ����*��������fU

1.1.2. Information in Social Interaction� �
���/�%GR�)YZ����Y
���@*�������'�������=������1��#&��'�()�4�)( �������0��#A���
�@�����
��'�������Gg���������
�"�����
��'8( ��������b�2 ���
��*�'4����������9
( ��������UTJ4�
�`Y\��'������ ()�n2 ����( �B���N

������'���������� ���
�`�����
��'@Y\��'�������� �@���������`��#���

( ��'�= ����� Gg�
��� ���
��2 ��'��
]^��	?*��
� �����/Gg�
��� ���
��2���'��-�
����UL�K���������E= ���
*D��( �?����� #y��'�()����*����/*D�[�BY
'���Y\��'��<2N��#!����� (-

��
�������2�*��?����'�������* ; �
��2�������()�"*�������
���*��
� Y\����Y
����*�������'�������*��
�/Gg*���� ����( Y


����'���U e8

()��� bZ��*��
�f� ��� ; �J��� ; ������YZ��� �D���
��
���������� �
��2�������( ���)��'�������( *��g*���#y��'�()����*�����#y'���( ���
�aY\��'������N���`���
�����
��'�UR.��
�a	f��2 ��

'��
*��
�)*��N���
�a�����M	J���`���
�
��

�����
���
�J( �����
��'-����( *��
�,�
��( � *D� �����?�?� Y
'�����*D������'-��#��
��' ��'�'�* ; ���p= b


� *�� *D�-�
���"*�������������� ���,���
�
��

�����J���
�
��'�'�* ; ���07?�������R*D��=����
�[���>���R�
����*��?�������B���-
����[���
������

���B��#0���
�[	f��2)�����-��*��������Z��# �
��'R��'�'�* ; ���pU e8� G!� ; ��'�=>���
�
( �����
��'[( *����?�[������� ���
� �M�
*��D�
� ������( � ��'��M�n2��^��� ( �
��( �fU�� .������[*D�[���,*��?��������*��������p= ��*�'������[��'�������( *D����*����/��#
*���#y��'�()����*���� ���
'���

���,�D���
��
������fU f\��'4�D���
��
������ ��������( (-

�
*D�������-*���#y��'�()����*����,��
����������^#y

����2>=����
��'�� (-
�����b\�
����'�����( ��������bZ��

�8���
�L( �����
*��
� ��# ��2?(-b\���D��U W8�����
��

�������
*D�g����'�����( ���?�g*D���D��'�������2 ���
���
���Jb?2B���
�a��'�b
*���'���'�2
������*���������*������$��# ( �����
*��
�@���@GR��'��
�A��'_Y
�
'��������n=f���$()�T2"bZ�4���
���
��� *�� �a��*D����*�������'�2>=f����'�����( �����$*D�!���D���ab��������



1.2. Capturing, Representing, and Processing Information i
����������'����J��5�Y\��'�*����������n=
*�������
���*��
�`��

����

'���� ��5�Y\����������*������4����������
�������*���� U!WX( �����������a��
��M�N��� �^.��
*D�g*D�8���
�
����� ��#g���
�)��*��
����()�T2 ( ����� ���
�)���
*��
���������
�`����������'a����� ����( �����
*��
�����?��*�'�����2 ��*�~ ��'����?�L���N���
�`'�����*�Y
*����?�
O�f *���

'�� � U !?SVU

��������
�

������ � �
�

�		@

Figure 1.4: Communication is an exchange of information between people, but it does not result in both participants
having exactly the same interpretation. One part of the interaction is consideration of the motives of the other
participant in the interaction.
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Figure 1.5: The components of a very simple information system. Information processing occurs both during
encoding and during retrieval. The box shows the “model” which is the combination of the representation and
associated information processing.
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Figure 1.6: A straight line can be an effective representation to describe a set of points (left). However, the line
is less satisfactory if the points are scattered (center) or if a curved line may be a better representation (right). A
representation that fits curved lines will be more complex.
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Figure 1.7: A simple model tries to emulate a natural process as closely as possible. Given the same input (the
IVs), the output of a model (i.e., the DVs) should match the output of the natural process it is emulating.
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1.2. Capturing, Representing, and Processing Information
`

����������*D����*�������U[�K��������� ���
*D��*D�4���
�-b�����*D����#!�M��*��������fULC������
��()����*D���[��5�Y
����'�������b�����'������4Y
'���������

'����������,����( 9
Y


����'_Y
'�����'���( ( *��
�-*�( Y
����( �������$���
��(NU W ��2�������( *���������'��������$*�����* ; *D��
����Z����( Y\���
�������R�����`���>��'���*����������R���
�
*�������'�������*����N��( ���
� ���
�����L����( Y\���
��������U

Adaptation and Learning�%� ����( � ��2�������( *���#&��'�()����*���� *D�"
������ #y��'-��

����()������� Y
'��?�����M�"( ���
*�����'�*��
� ����� ��� ]<
�����( ���?� g,�������-*D�"#&��'
���
��Y
������*���� UL.��
� *���#&��'�()����*���� ()�T2N��*��������7Gg�
���,��� ( � ; �@�����`�
��G ���������-��'[���
�"b�����*D�"( �?����� �����[��*�( Y
���
#y������b����M	�Gg*���� � �����?��'���������')O�f *���

'�� � U�rfSVU@�K��*D�[����( ( ���/#y��'[��
��M� ��2�������()�4��������( Y
�[���J��������( Y
�[()��*��?����*��
��

'�'���������������*���*������-O&*pU �fU�=\�
��( ���f��������*D�1SVU8�!������'���� Y\��*�����UgWI�%2�Y
*D����� ��5
��( Y
���a*D��� ���
��'�( �f��������U��!2�b\��'��
����*D���
����� ( ���1�����
*D��()�[��#g�����?��'������ t��KU f�������b����1	����N���N�������
�`�
��5��a���������`*�� ��Y
'��?�������nU)QR2 ����( � ; *���GgYZ��*��?����=
��������'����A*D�a�J�%2�Y\� ��#R*���#&��'�()����*���� U`�K�[*D�L*D�L*���#y��'�()����*���� Gg�
*D�1� '�� 
?

*�'����a������*���� �����,*D�L����#y��'������,b�2/����������9

?

����������U .0'�������*�������� ; *���G ��#!#y������b����1	/��������'����D�L����*��
����� Y���'���( ������'Lb


�aGg*���� ����( Y


��*��
�N��2�������()��= ���
�
����������������'g*��������:# ������bZ�a( �?��*������EU

�
� '���������� �

�!���?��'���������'�@
�

Figure 1.8: Feedback uses the output of a process to determine how to control that process.
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Figure 1.9: Imagine a system that produces a regular pattern (dark line) across time and a model that is trying to
adapt to it (light line). The model will be successful at matching the target only if it has an adequate representation
and learning algorithms. In this example, by the end of the sequence, the model seems to have learned the phase
but has trouble matching the sharp angles of the original pattern.
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Figure 1.10: When information is stored as attributes those attributes can often be combined to form additional
propositions. Inference may be logical or statistical. A syllogism is an example of deductive logical inference.
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1.2. Capturing, Representing, and Processing Information
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Figure 1.11: In a conversation, each participant between a user and an information system. The user and information
system may tailor their responses to each other. Moreover, they may be affected by the environmental context. We
would say the user has a mental model of the computer and that the computer has a user model.
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Figure 1.12: Interaction with an information system may be viewed as a type of dialog. Here we could imagine that
Speaker B was natural language interface. Beyond verbal interaction, all types of interfaces need to have properties
of a dialog.
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Figure 1.13: Written language is often associated with the development of complex social structures. In this case,
written Mayan, accompanied urban development in Central America. (check permission)
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Figure 1.14: A small example of complex system. Complex systems have many feedback loops and often have
non-obvious behavior. (check permission)(redraw)
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Figure 1.15: Information resources have a lifecycle which starts with planning and ends with disposal of the resource.
In some cases, an old version is replaced by newer versions.
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Figure 1.16: Related information resources are often collected and aids like summaries, links, and descriptions are
useful in retrieval of resources from those collections. Multiple representations.
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Figure 1.18: In still other cases, a significant information artifact is developed and the Developer may refer frequently
to it.
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Figure 1.19: A rough categorization of information systems.
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Figure 1.20: A simple model for the lifecycle of an information systems. We will consider more complex development
processes in later chapters. Note the similarity to other types of information systems.
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Figure 1.21: One example of the problems caused by faulty information (from [1]). (check permission)
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Figure 1.22: The cost per megabyte of storage keeps dropping (adapted from [6]).

Figure 1.23: Sensors collect information from their enviorment. Here, a network of sensors monitors conditions in
a forest and the ecology is them able to be modeled. (check permission)
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Figure 1.24: The information value chain describes important levels of activities for processing stored information.
Actually a great many services can be applied to information resources.
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Figure 1.25: The Fox and the Grapes from Aesop’s Fables. Entertainment can also provide information (from [2]).
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Exercises
Short Definitions:
� 
Twyx m � �<xpi��1z
� � �)4 �1w i xpi �1z��Mu i x 9
� �Vz�xpo���x
3 ��x �
3 ikjVi x �Mu
� �1znvVo<mpjVo^z��^o
��z�xpo%m x �1ikz �go^z�x
h o^o ��
�� �6,
�&z�� �Mm����Mxpi��Vz

�&z�� �1m�����xpi��Vz4mpo<w �VlTm��<o
�&z�� �1m�����xpi��Vz�v �1uklTo � � �1ikz
�?i��:o � 9��^uko�� � �Vz�xpo^z�x��
�?i��:o � 9��^uko���w 9Twyxpo ���

�� �1mpo 0 w��
� '
� 
 �&o �<xpikv�i x 9
� �Vw i xpikv�i w �
�7o � �Vj1z i xpi��Vz

�7o<u���xpikvnikw �
�7o 4Tmpo^w o^z�x ��xpi �1z
�7o%x mpi o<v �Mu � �1ikuklTmpo
tno ���Mz�xpi �<w
t�x mpl��<xplTmpo
t�9nwyxpo �
�
� 4 	 ����' z 4nm�� �^o^w w ikz j

Review Questions:-1r � ikv�o	��vVo o���� �)4Tu o<w � �
wyx mpl��<xplTmpo���ikz�� �Mm����Mxpi��Vz>r �B^1��^1��^ !
��r
� � 4Tu �1ikz�� ��'�ikz�� �1m����Mxpi��1z�mpo^u �Mxpo^w x���ikz�� �1m�����xpi �1z[w 9nwyxpo �gw^r � ^1� ��� `"!
q�r � � �Mx���� ,Vo^w��!mpo 4nmpo^w o^z�x �Mxpi��Vz�o �fo �<xpikv�o�* � ^1� ����^ !
	nr 3 o^w �%mpi 
�o �_x 914 i����Mu>mpo 4nmpo^w o^z�x �Mxpi��1z�� �Mm � ^1� ����^ !�� �
� �!l w i�� 8�
�� i����MjVo^w 8 ��� v�i��no �:*
s�r & ��'�ikwEmpo � �Vj1z i xpi��Vz �ni �fo%mpo^z�x � m�� � �^u �Mw w i�� ���Mxpi��1z�* �B^1� ����^ 8 ����^1� �"!
��r 3 ikwyxpikz j1l ikw ��
�o<x ' o^o^z�u i�� o � 9��^uko � ��x��To � �Vz�xpo^z�x �1z ��x��To w 9nwyxpo � uki�� o � 9��^ukoVr �B^1�  ��  "!
� r 7 � �go���vVo ikz�� �Mm����Mxpi��Vz�w �VlTm��<o^w i z 9 �Vlnm w � ��� �Vu
�Mm0l z ikv�o%mpw ikx 9�r & ��' �Mmpo x��To 9 ���1z �1jVo �!* � ^1�  �� �"!
� r � ikv�oAw � �go o���� �)4 uko^w � �
4 �Vuki��^iko^w��1z�� 4Tm�� �^o �TlTmpo<w�� �1m0x�� o ���Mz��MjVo �go^z�x � ��ikz�� �Mm����Mxpi��Vz�w 9Twyxpo �gw �B^1�  �� �"!



Information: A Fundamental Construct k j

��r � ikv�o �1z4o���� �)4Tu o � � �Tikj1ikx �Mu
� �1z�v�o<mpjVo<z �^oVr � ^1�  �� �"!
-�/�r 3 ikwyxpikz j1l ikw ��
�o<x ' o^o^z�i z�� �Mm����Mxpi��Vz����Mz��MjVo �go^z�x��Mz���i z�� �Mm����Mxpi��Vz[w 9nwyxpo � ���Mz��MjVo �go^z�x�r � ^1�  �� �"!
- -1r�� ikv�o �1z4o���� �)4Tu o � �	� ��' �1z4ikz�� �Mm����Mxpi��Vz�w 9Twyxpo � ���1wEx m �Mz w � �Mm��go����Mz��1mpj �1zTi � �Mxpi��Vz>r � ^1�  �� � 8 ��� ��� `"!
-���r 3 ikwyxpikz j1l ikw ��
�o<x ' o^o^z�
TmplTxpo�� � �%xpw��Mz���w � �<i��Mu � � �<xpw^r �B^1� _
� _�!

Short-Essays and Hand-Worked Problems:-1r 3 o^w �%mpi 
�oAw o<v�o<m �1u
�Ti �fo<mpo^z�x w o^zTw o^w ikz '�� i�� ���Rv�i �To �.4Tm��VjMm � � ��oVr jTr 8��!xpo^uko^v�ikw i �1z[w i x�� � ��� � �1w �&wyx mpl��<xplTmpo�
nr �B^1��^1��^ !
��r � �no^z�xpi�� 9@x��Tmpo^ogikz�� �1m�����xpi �1z)w 9Twyxpo �gw �Mz�� �no^w �<mpi�
�ogx�� o^i m_mpo 4Tmpo<w o^z�x �Mxpi��Vz�8�i z�� �Mm����Mxpi��Vz�4nm�� �^o^w w ikz jLxpo � � zTi ��lTo^w 8 � �1z�xpo<z�x�8 �1z��
x 914Ti � �1u>l w oVr � ^1� ����^ !

q�r �&z '�����x w o^zTw o �MmpoAx�� o � �Vuku���' i zTj8o���� �)4 uko^w�� �
mpo 4Tmpo^w o<z�x ��xpi��Vz w � � 
 � � ,�8��Ruki�
Tm �Mm59 � �1u uko �%xpi �1z�8 �Ruki�
Tm ��m59�ikz �To���8 �Rv�i��no ��j � �goVr
� ^1� ����^ !

	nr 3 o^w �%mpi 
�o '�����x�x 914�o^w � �7i z��:o<mpo<z �^o�xpo � �Tz i ��l o^w ���1z 
�o � 4 4Tuki o �)x��ax�� o�� �1u u���' ikz j-x 914�o^w � �7mpo 4nmpo^w o^z�x �Mxpi��1z w � � ���Mx � � � �To^u�8
� �Mm����1u>u��VjVi�� 8�znl��go<mpi����1u �no^w �<mpi 4Txpi��VzTw^r �B^1� ����^ 8 �:� ��� `"!

s�r 3 o^w �%mpi 
�o �!w ikxpl �Mxpi��VzLikz '�� i�� ��� � mpiko^z ��z o^o �To��8x�� ��z ��ikz�� �1m�����xpi �1z �1z �4x�� o wyx m �Mxpo^j1i o<w0x��To 9 � ��� 4Txpo���x�� ���_x����Mx�r � ^1�  ���^ !
��r � ikv�o �1z4o���� �)4Tu o � � � �Miku o �[i z�� �Mm����Mxpi��Vz[w 9nwyxpo �gwEikz�x m�� �Tl��<xpi��Vz4i z��1z��Mmpj �1zTi����Mxpi��Vz>r � ^1� ��� �"!
� r 
��1z:9 � � � �!l zTi � �Mxpi��Vz �1z��"i z�� �Mm����Mxpi��Vz �go��ni ������v�o 
�o<o^z �To<v�o^u�� 4�o��fr�� x_i w_w � �go%xpi �go<w�4nm�� 4 �1w o��"x�����x_z o ' �go��Ti �����[z �Mx
mpo 4Tu�� �^oAo��nikwyxpikz j �go �Ti �$x 914�o^w 8�m �Mx�� o%mEx�� o �1u�� �go��Ti � � �Mm��gw � �Vz�xpikz�l o7x��!o��nikwyx�r 3 � 9 �1l��Mj1mpo^o�* &���' ' ikuku?xpo<u o<vnikw i��Vz��1z ��m � �ni��
ikz�x�� o��:lTxplnmpo 
�o �:lTz���� �go^z�x �1uku 9 ���fo �<xpo���
:98x�� o �Pz�xpo<mpz o<x6* � ^1� ��� �"!

� r � � o%mpo!ikw �gw�� 9nikz jgx�����x�� � �Vz�xpo^z�x7i w ,�i zTj�
)'�� i�� �aw l jVj1o^wyxpw x�� �Mx7i z � �Ti j � u 9LzTo<x ' �1m ,�o�� ' �1mpu ��8 � �Vz�xpo^z�x ikw�� �1mpo$l zTi ��lTo x����1z
x�� o � � � �!l z i�����xpi��Vz��go �Tikl �[r�3 �.9 �1l��1jMmpo^o�* � ikv�o �1z�o���� �)4 ukoVr � ��w o � � � �Vz�xpo^z�x�� !

��r
��wyxpi ����xpo ����' ���1z:9 �-o 
4w o%mpv�o<mpw x��To<mpo ��mpo ikz�x��To7wyx ��xpo �1m � �VlTz�x m59.'�� o<mpo 9 �Vl8ukikv�oVr � � o^z�8�o^wyxpi����Mxpo0x�� o���vVo<m �1j1o z�l � 
�o%m � �
4��MjVo^w �Vz8o�� � �gw o<mpvVo<m �Mz��Rx�� o ��v�o<m �MjVo0z�l � 
�o%m	� � 
�9�xpo^w
4�o<m 4��MjVoVr\h�ikz��Muku 9:8 � 4 4nm�� �Ti�����xpo x��ToEx��1x �1u znl�� 
�o<m � � 
:9�xpo^w ��v �Mi u � 
 uko
� m�� � x�� oAw o<mpvVo<mpw i z 9 �Vlnm wyx �Mxpo �1m � �1l z�x m59�r � ^1�  �� �"!

-�/�r � � o��-o 
�ikw jMm���' ikzTj$m �
4 i �Tu 9�r ��wyxpi����Mxpo�� ��'Bu �MmpjVo 9 �1lTm �1zTw ' o<mZx�� x�� o 4Tmpo<vni��1l w ��lTo^wyxpi��Vz ' ikuku�
�o ikz�x ' � � �Mmpo 9�o���mpw^r ���14 u �Mi z
� ��' 9 �1l��To%mpi vVo���x��Ti w o^wyxpi�����xpoVr �B^1�  �� �"!

- -1r �-mpi xpo �Mz�o���l���xpi��Vz�� �1m 
�� �1mpo 0 w �
� 'Ar �B^1�  �� �"!
-���r � w � ��x�� ikw 'Empi xpikz j � �
/ /�� ����� �Mwyx � � �/i w � 
 �VlTx0q � i j ��	 & o%m x �Vr � ��
�� �Mmpo 0 w � � ' � �Vz�xpikznlTo^w x�� �
4 4Tu 9:8�����' � �1wyx ' ikuku�4Tm�� �<o^w w �1mpw


�oAikz(�
/1-�s * � ^1�  �� �"!
-�q�r 3 �.9 �Vl��Mj1mpo^o x�� �Mx0v�i �To ��j � �go^w���mpo��1z�ikz�� �1m�����xpi��Vz[j1o^zTmpo�* � ^1� _
� ` 8 ^G��� ��� `"!
-�	nr 3 ��o^w � �<xpi��Vz � �Vz�v�o698i z�� �Mm����Mxpi��Vz!* 3 ��o^w��$w �^l u 4Txplnmpo � �1znvVo 9gikz�� �1m����Mxpi��1z�* 3 ��o^w��Mz��Mz�xpo<u � 4�o � �1z�v�o 98ikz�� �1m����Mxpi��1z�* � � 4Tu �1ikz?r

� ^1� `�� ` 8 ^1� _
��^ !
-�s�r$h�u���' o<mpw ����v�o o<v �Vukv�o�� ' i x�� �Tikwyxpikz �<xpikv�oEw � � 4�o^w �Mz�� � �1u��1mpw�x�� �Mx x m � �<x �^o<m x �1ikz�ikzTw o �<xpw^r � �1l u ��9 �VlRw�� 9_x�� o � ��' o<mpw	����v�o u o �Mmpz o �
x�� � �1z�v�o 9�ikz�� �Mm����Mxpi��Vz!* �B^1� `�� ` 8 ^1� _
��^ !

-���r �&w j �Vw w i 4 �!x 914�o�� ��ikz�� �1m����Mxpi��1z�* �B^1� `�� ` 8 ^1� _
��^ !
- � r � � 9 �Vl ' o<mpo$vniko ' ikzTj � 
 �1w5,�o%x�
��1uku?j � �go 8 ' �1l u � 9 �1l[w�� 9�x�����x0i z�� �Mm����Mxpi��VzLikw0i z�� o<mpo<z�x0ikz[x�� o 
 �1w5,�o%x�
��1uku?j � �go �Mm ikw0ikx0x�� o%mpo

�VzTu 9 � �1m x�� o 4Tu ��9�o<mpw �1z��8x�� oAv�iko ' o%mpw2* � ^1� `�� ` 8 ^1� _
��^ !
- � r � � o%mpo���mpo����1z:9��Ti � �^lTu xpi o<w ' i x����To���z i xpi��VzTw	� �fikz�� �1m����Mxpi��1z �B^1� `�� ` 8 ^1� _
��^ ! r�� ikv�o 9 �1lTm �To���z i xpi��Vz � � �&ikz�� �1m�����xpi �1z 
 �Mz�� �ni w �<l w w
x�� o�� �Vuku���' ikz j 4 l ���^uko^w �
� � 3 �Rz o<mpv�o i �)4Tl ukw o^wEikz 9 �VlTm 
nm �1ikz�����m m59�ikz�� �1m�����xpi��Vz�*

�� � � o<mpoAikwEx�� o ikz�� �1m�����xpi��Vz[ikz �Mz��1mpj �1z i�����xpi��Vz�*
��� 3 ikwyxpikz j1l ikw ��
�o<x ' o^o^z �&ikz�� �1m�����xpi �1z � ����lTi w i xpi��Vz 
��1z � �&uko���mpz ikz j�
Tr
� � 3 i wyxpikzTjVl ikw ��
�o%x ' o<o^z �&ikz�� �1m�����xpi��Vz 
��Mz��
�&o^z�xpo<m x �Mi z��go^z�x&
Tr

Going Beyond:-1r �&w i x 4 �Vw w i�
Tu oAx���o<wyxpi ����xpo x�� o x��Mx �1u
� � �VlTz�x � �
ikz�� �1m�����xpi��Vz[x�� o%mpo ikw0ikz�x��To ' �Mmpu �!* �B^1� `�� `"!
��r � �1z ' o ����v�o i z�� �Mm����Mxpi��Vz ' i x����VlTx0wyx mpl��<xplTmpo�* � ^1� `�� `"!
q�r � � �Mx �Mmpo$w � �go xpo � � z i ��l o<w��1lTx����1mpw��gikj ��x l w o�� �1m���� ,�ikz j_x�� o^i m 'Empi xpikz j �<m��1w w�
 �1l z � �Mmpiko^w2* � ^1��^1��^ !
	nr$tnikz��^o�x�� o�w � �go 
 � ��9Bw o �Mm�� � ikz j � �1m�ikz�� �1m����Mxpi��1zJikw�zTo �^o^w w���mpiku 9 ikz � �ni �fo%mpo^z�x�� �Vz�xpo���x � m�� � x�� o 4�o%mpw �Vz '���� �<mpo���xpo��Bx��To
ikz�� �1m����Mxpi��1z�8 � ��' ikw_x�� o8w o��Mm�� � o%m�o^v�o%m 
�o8w lTmpo8x�� o�� �1z�xpo���xRikw � �1m mpo �<x6* �Pw_x��To<mpo���xpo<z��To<z � 9"x��Ll z �%mpikxpi����Muku 9 � � �^o 4Tx�w l�� �
ikz�� �1m����Mxpi��1z?r �B^1��^1��^ 8 ��� ��� `"!

s�r & ��'�i��)4 �1m x �Mz�x ��mpoAu �1z j1l��MjVo��1z � ' �Mm �Tw�� �Mm �no ��zTikz jRo � 4�o �<x �Mxpi��VzTw �1z��4w � �^i �1u�ikz�xpo<m � �<xpi��Vz w^r � ^1��^1��^ 8 ��� ����^ !
��r 3 o^vVo^u�� 4�� � � �To^ufx�����x�� �VlTu��4u o �Mmpz[w&��l���mpo�	 ' ��v�o^w uki ,�o x�� o o���� �)4 uko ikz�h�i j1lTmpo)-Vr ��r � ^1� ����^ !
� r � � �MxAikw x�� o�� �1z z o �<xpi��Vz 
�o%x ' o<o^z@x��To �no^v�o^u�� 4��go^z�x � � x��To.4Tmpikz�xpikz j 4Tmpo^w w �1z��Lx�� o_mpikw o � � w �^iko^z �^oRi z �0o^z��Mi w w��Mz �^o �\lnm�� 4�o�*

� ^1� ��� �"!
� r 3 �.9 �Vl��Mj1mpo^o ' i x���x��ToAwyx �Mxpo �go<z�x x����Mx � � ����xpo^v�o<m �.4�o%mpw �Vz�
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Teaching Notes
Objectives and Skills:
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Instructor Strategies:
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