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Aaron Gutknecht supports our bottom-up approach, specifies possible limits and highlights interesting future aspects. His added perspective is valuable and interesting to us. As we fully agree with his view, we only add some complementary remarks.
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1 Introduction
We appreciate the comments given by Aaron Gutknecht very much, in particular his discussion and clarification of the term “emergence” and its philosophical background. This discussion comprises a sensible completion of our article going beyond the scope of our expertise. In this context, Aaron Gutknecht correctly states that our way of using the term “emergence” may cover two aspects, one called “weak emergence”, the other he addressed as “implementational emergence”. We have – possibly forming some kind of common denominator - a third characterization in mind, one that covers different description levels: a phenomenon is considered emergent if it turns out that known properties of the network could also be characterized on a different level of description than the one currently used. On this different level the phenomenon conceptually constitutes a term or definition. If we, for example, describe the structure and function of reaCog on the neuronal level, we may realize at some point that there are behavioral aspects which could, by an outside observer, be characterized by a term that is not defined at a neuronal level of description, such as, for example, “intention”. 



2 The bottom-up approach
This way of using the term emergence is directly related to the bottom-up approach applied here. This approach is inspired by Feynman, who stated that we understand a system only when we are able to construct it (in Hawking 2001) and may be even dated back to Giambattista Vico (1710). The bottom-up approach allows us to study the extent to which linguistic concepts proposed in the literature may correspond to properties realized by our artificial system. If one was not prepared to accept that a specific concept would correspond to selected properties of the artificial system, either the linguistic concepts might be adapted accordingly, or the artificial system might be judged as to show deficits. The latter case could then give rise to adapt the current simulation model to better match the verbal proposal given. This capability of the bottom-up approach led Manuela Lenzen (2014) to characterize reaCog as a “concept clarifying machine” (“Begriffspräzisierungsmaschine”).



3 Possible limits of the bottom-up approach
Aaron Gutknecht further proposes a well-chosen list of issues that should be taken into account when following a bottom-up approach as proposed here, namely “adequate matching criteria”, “biological plausibility” and “transparency”. 
Concerning the first issue, “adequate matching criteria”, Aaron Gutknecht addresses a possibly critical point. In section 8 (Emotions), we characterize happiness by the property that risky decisions are made more probable. We admit that our example is formulated in a sketchy way, only addressing one basic aspect for illustration. There are, however, more deeply founded examples that have been briefly referred to in the main text and will be explained in more detail here. Two recent studies, one in crayfish, the other in the fruitfly, provide strong hints that emotion-like states can be found in simple organisms as arthropods or, more specifically in the latter-case, insects. In crayfish, Fossat et al. (2014) have convincingly shown that context-independent, anxiety-like behavior can be induced by experimentally applied stress or by application of serotonin. Both methods lead the animals to avoid illuminated sections of their environment which they are normally interested to explore. Anxiety is related to fear but considered a secondary emotion that occurs after the stressing signal has disappeared. Thus, the probability of selecting specific behaviors, in this case exploration of illuminated places, is decreased. This avoidance behavior could be abolished after application of drugs that are known to have anxiolytic effects in mammals. Applied to reaCog, these results could be interpreted in the following way. Emotion-like states would not only influence the global WTA net, but also thresholds of local, lower level WTA networks that are responsible for switching between different procedures.
Another interesting case has been reported by Yang et al. (2014) in Drosophila. These animals learnt that various behaviours selected in trying to avoid a problem, in this case escape from a heated ground, were not successful. As a consequence, they ended up in a state of passivity. This result has been discussed as an example of “learned helplessness”, which is considered an animal model of depression. In our framework, this could simply be realized by freezing activity in the Spreading Activation Layer network that provides input to the WTA net (section 4).
Concerning the second issue, “biological plausibility”, we fully support Gutknecht’s perspective and have only a minor aside. Application of non-spiking neurons is not necessarily biologically implausible. Rather, non-spiking neurons do exist in invertebrate and in vertebrate brains. They play important functional roles, but are generally less well-known, mainly because investigating them involves methodological problems that are more difficult than those of spiking neurons. The third issue, “transparency”, addresses the view that the bottom-up strategy may eventually exhaust its potential when the complexity of the system is further increased. Although we agree with Gutknecht here, we would like to add that the bottom-up approach still bears the advantage that, as the details of such a system are known, its properties can be thoroughly analyzed by physical and/or mathematical methods. This ability, of course, does not guarantee that one will find answers in such a hypothetical case, but there are various methods available to address such questions. Further, we believe that the problem of lacking transparency may not happen to occur too often. This belief is supported by the observation that already our simple system, reaCog, appears to be able to reach integration levels characterized by terms such as intention, volition and consciousness. 



4 What should be done next?
Aaron Gutknecht closes his comments by considering future aspects. Again, we agree with his recommendations and have, partly, indeed started with two of the aspects addressed. We applied the internal model in a cooperative scenario in which the visual impression of another agent performing an action was mapped onto the system’s own internal body model. In this way the internal model was driven by the visual input and the internal model reenacted what the other agent was doing. This mapping allows one to connect the experiences of somebody else to one’s own action repertoire as one steps into the shoes of the other (Schilling 2011; see also Gallese & Cuccio this collection). Second, as mentioned in the main text, shared circuits are required for an agent to represent the action of a partner (Cruse & Schilling this collection, figure 9). In order to allow for ToM, an additional separate representation of the partner’s memory is required (figure 10). To be able to apply a supermodel (or we-model, Tomasello 2009), a more complex model is required (see Cruse & Schilling 2011, figure 6).



5 Conclusion
The bottom-up approach advocated here to understand higher-level phenomena may be considered a non-Platonic approach that aims to construct artificial, but strongly biologically inspired systems. These systems should be able to simulate complex behavioral tasks, but do so by application of simple elements, artificial neurons, and a simple decentralized neuronal architecture. If successful one could then study whether more abstract concepts introduced in psychology or philosophy, for example, could sensibly be applied to such a system. We claim to have shown an example supporting this approach.
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                                 Apache License

                           Version 2.0, January 2004

                        http://www.apache.org/licenses/



   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION



   1. Definitions.



      "License" shall mean the terms and conditions for use, reproduction,

      and distribution as defined by Sections 1 through 9 of this document.



      "Licensor" shall mean the copyright owner or entity authorized by

      the copyright owner that is granting the License.



      "Legal Entity" shall mean the union of the acting entity and all

      other entities that control, are controlled by, or are under common

      control with that entity. For the purposes of this definition,

      "control" means (i) the power, direct or indirect, to cause the

      direction or management of such entity, whether by contract or

      otherwise, or (ii) ownership of fifty percent (50%) or more of the

      outstanding shares, or (iii) beneficial ownership of such entity.



      "You" (or "Your") shall mean an individual or Legal Entity

      exercising permissions granted by this License.



      "Source" form shall mean the preferred form for making modifications,

      including but not limited to software source code, documentation

      source, and configuration files.



      "Object" form shall mean any form resulting from mechanical

      transformation or translation of a Source form, including but

      not limited to compiled object code, generated documentation,

      and conversions to other media types.



      "Work" shall mean the work of authorship, whether in Source or

      Object form, made available under the License, as indicated by a

      copyright notice that is included in or attached to the work

      (an example is provided in the Appendix below).



      "Derivative Works" shall mean any work, whether in Source or Object

      form, that is based on (or derived from) the Work and for which the

      editorial revisions, annotations, elaborations, or other modifications

      represent, as a whole, an original work of authorship. For the purposes

      of this License, Derivative Works shall not include works that remain

      separable from, or merely link (or bind by name) to the interfaces of,

      the Work and Derivative Works thereof.



      "Contribution" shall mean any work of authorship, including

      the original version of the Work and any modifications or additions

      to that Work or Derivative Works thereof, that is intentionally

      submitted to Licensor for inclusion in the Work by the copyright owner

      or by an individual or Legal Entity authorized to submit on behalf of

      the copyright owner. For the purposes of this definition, "submitted"

      means any form of electronic, verbal, or written communication sent

      to the Licensor or its representatives, including but not limited to

      communication on electronic mailing lists, source code control systems,

      and issue tracking systems that are managed by, or on behalf of, the

      Licensor for the purpose of discussing and improving the Work, but

      excluding communication that is conspicuously marked or otherwise

      designated in writing by the copyright owner as "Not a Contribution."



      "Contributor" shall mean Licensor and any individual or Legal Entity

      on behalf of whom a Contribution has been received by Licensor and

      subsequently incorporated within the Work.



   2. Grant of Copyright License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      copyright license to reproduce, prepare Derivative Works of,

      publicly display, publicly perform, sublicense, and distribute the

      Work and such Derivative Works in Source or Object form.



   3. Grant of Patent License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      (except as stated in this section) patent license to make, have made,

      use, offer to sell, sell, import, and otherwise transfer the Work,

      where such license applies only to those patent claims licensable

      by such Contributor that are necessarily infringed by their

      Contribution(s) alone or by combination of their Contribution(s)

      with the Work to which such Contribution(s) was submitted. If You

      institute patent litigation against any entity (including a

      cross-claim or counterclaim in a lawsuit) alleging that the Work

      or a Contribution incorporated within the Work constitutes direct

      or contributory patent infringement, then any patent licenses

      granted to You under this License for that Work shall terminate

      as of the date such litigation is filed.



   4. Redistribution. You may reproduce and distribute copies of the

      Work or Derivative Works thereof in any medium, with or without

      modifications, and in Source or Object form, provided that You

      meet the following conditions:



      (a) You must give any other recipients of the Work or

          Derivative Works a copy of this License; and



      (b) You must cause any modified files to carry prominent notices

          stating that You changed the files; and



      (c) You must retain, in the Source form of any Derivative Works

          that You distribute, all copyright, patent, trademark, and

          attribution notices from the Source form of the Work,

          excluding those notices that do not pertain to any part of

          the Derivative Works; and



      (d) If the Work includes a "NOTICE" text file as part of its

          distribution, then any Derivative Works that You distribute must

          include a readable copy of the attribution notices contained

          within such NOTICE file, excluding those notices that do not

          pertain to any part of the Derivative Works, in at least one

          of the following places: within a NOTICE text file distributed

          as part of the Derivative Works; within the Source form or

          documentation, if provided along with the Derivative Works; or,

          within a display generated by the Derivative Works, if and

          wherever such third-party notices normally appear. The contents

          of the NOTICE file are for informational purposes only and

          do not modify the License. You may add Your own attribution

          notices within Derivative Works that You distribute, alongside

          or as an addendum to the NOTICE text from the Work, provided

          that such additional attribution notices cannot be construed

          as modifying the License.



      You may add Your own copyright statement to Your modifications and

      may provide additional or different license terms and conditions

      for use, reproduction, or distribution of Your modifications, or

      for any such Derivative Works as a whole, provided Your use,

      reproduction, and distribution of the Work otherwise complies with

      the conditions stated in this License.



   5. Submission of Contributions. Unless You explicitly state otherwise,

      any Contribution intentionally submitted for inclusion in the Work

      by You to the Licensor shall be under the terms and conditions of

      this License, without any additional terms or conditions.

      Notwithstanding the above, nothing herein shall supersede or modify

      the terms of any separate license agreement you may have executed

      with Licensor regarding such Contributions.



   6. Trademarks. This License does not grant permission to use the trade

      names, trademarks, service marks, or product names of the Licensor,

      except as required for reasonable and customary use in describing the

      origin of the Work and reproducing the content of the NOTICE file.



   7. Disclaimer of Warranty. Unless required by applicable law or

      agreed to in writing, Licensor provides the Work (and each

      Contributor provides its Contributions) on an "AS IS" BASIS,

      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

      implied, including, without limitation, any warranties or conditions

      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A

      PARTICULAR PURPOSE. You are solely responsible for determining the

      appropriateness of using or redistributing the Work and assume any

      risks associated with Your exercise of permissions under this License.



   8. Limitation of Liability. In no event and under no legal theory,

      whether in tort (including negligence), contract, or otherwise,

      unless required by applicable law (such as deliberate and grossly

      negligent acts) or agreed to in writing, shall any Contributor be

      liable to You for damages, including any direct, indirect, special,

      incidental, or consequential damages of any character arising as a

      result of this License or out of the use or inability to use the

      Work (including but not limited to damages for loss of goodwill,

      work stoppage, computer failure or malfunction, or any and all

      other commercial damages or losses), even if such Contributor

      has been advised of the possibility of such damages.



   9. Accepting Warranty or Additional Liability. While redistributing

      the Work or Derivative Works thereof, You may choose to offer,

      and charge a fee for, acceptance of support, warranty, indemnity,

      or other liability obligations and/or rights consistent with this

      License. However, in accepting such obligations, You may act only

      on Your own behalf and on Your sole responsibility, not on behalf

      of any other Contributor, and only if You agree to indemnify,

      defend, and hold each Contributor harmless for any liability

      incurred by, or claims asserted against, such Contributor by reason

      of your accepting any such warranty or additional liability.



   END OF TERMS AND CONDITIONS



   APPENDIX: How to apply the Apache License to your work.



      To apply the Apache License to your work, attach the following

      boilerplate notice, with the fields enclosed by brackets "[]"

      replaced with your own identifying information. (Don't include

      the brackets!)  The text should be enclosed in the appropriate

      comment syntax for the file format. We also recommend that a

      file or class name and description of purpose be included on the

      same "printed page" as the copyright notice for easier

      identification within third-party archives.



   Copyright [yyyy] [name of copyright owner]



   Licensed under the Apache License, Version 2.0 (the "License");

   you may not use this file except in compliance with the License.

   You may obtain a copy of the License at



       http://www.apache.org/licenses/LICENSE-2.0



   Unless required by applicable law or agreed to in writing, software

   distributed under the License is distributed on an "AS IS" BASIS,

   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

   See the License for the specific language governing permissions and

   limitations under the License.




