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Short Abstract: This article outlines a protocol for conducting a workshop that implements the recommendations of Eigenbrode et al. (2007) and is designed to enhance communication among members of collaborative teams comprising several disciplines. (32 words)
Long Abstract: Effective cross-disciplinary collaboration requires effective communication among participants. Barriers to effective communication are manifold, but many of them stem from differences in the fundamental assumptions that underlie the scientific process in different disciplines. Although these differences may come to light during the research process, this is not assured. Moreover, realization of these differences might not occur in a timely manner. As a result, misunderstandings can impede successful collaboration down the line. The Toolbox Workshop method is designed to make these assumptions salient by exposing the philosophical “landscape” of a collaborative team during a single afternoon workshop. A structured set of prompts draws out participant views on issues concerning epistemic dimensions (viz., motivation, methodology, confirmation) and metaphysical dimensions (viz., reality, values, reductionism) of the research process. Through this dialogue, the team will develop an enhanced mutual understanding that is conducive to more effective and efficient research communication.
The Toolbox Workshop protocol consists of seven stages: (1) Pre-workshop contact checklist, (2) Workshop introduction, (3) Workshop, (4) Completion of post-workshop Toolbox, (5) Closing remarks and debrief discussion, (6) Distribution of follow-up questionnaire, and (7) Preparation and distribution of Toolbox Workshop Analytic Profile. After contact is made with an interested team, the researcher will initiate contact with that team and begin a Toolbox Workshop cycle. The focus of this cycle is the two-hour Toolbox Workshop, a dialogue among collaborating researchers about their scientific research assumption. Data collected during a Toolbox Workshop cycle include: pre- and post-workshop Likert scores, transcribed audiotape recording of the workshop dialogue, and the post-workshop questionnaire responses. These data are analyzed and used in preparing a report that is returned to the participating team. (272 words)
Protocol Text:  (Portions to be videotaped are highlighted in yellow.)
The Toolbox Workshop protocol consists of seven stages: (1) Pre-workshop contact checklist, (2) Workshop introduction, (3) Workshop, (4) Completion of post-workshop Toolbox, (5) Closing remarks and debrief discussion, (6) Distribution of follow-up questionnaire, and (7) Preparation and distribution of Toolbox Workshop Analytic Profile.

1) 
Pre-Workshop Contact Checklist: (no less than two weeks prior to the workshop)
1.1)
The researcher will ask the leader of the team that will participate in the Toolbox Workshop (the “team leader”) to distribute the Eigenbrode et al. Bioscience paper, which supplies a detailed defense of the Toolbox concept and a description of the implementation procedure.
1.2)
Since this research involves human subjects, the researcher will describe the application that received Institutional Review Board (IRB) approval and indicate that the intention is to audiotape the Toolbox Workshop. 

a. Ask team leader to get verbal consent from all participants prior to the Toolbox session. 

b. Secure approval from team leader to tape record during session.  

c. Explain that tape recorded sessions will be transcribed and analyzed in an effort to describe the communication dynamics within the team.
d. Explain that tape recorded data will remain confidential.

1.3)
The researcher will conduct a pre-workshop survey of the team leader to determine:

a. Why is the team participating in the Toolbox session?
b. What kind of team/group structure do they have?

c. Why have they come together? 
d. What is their history together? (Obtain a brief statement of how long team members have known each other and how long and in what ways they have worked together.)
e. What is the product focus of their group (e.g., original research, solution to a stakeholder problem)?
f. How many people are participating, and where will they be? (For example, is anyone participating virtually?)

g. Who will participate? (For example, will the complete group participate or are there others that are a part of the group but can’t be at the Toolbox session? Will others participate who are not a part of the team?)


2) 
Workshop Introduction: The workshop will involve two researchers, one in the role of the facilitator and one in the role of the recorder. The facilitator will initiate the Toolbox Workshop with an introduction that should follow the same approach each time and should take no more than 15 minutes. The facilitator’s remarks should be structured in the following way:
2.1)
Describe the overall structure of the workshop session.

2.2)
Introduction to the Toolbox idea

a. Briefly describe the history of the idea as growing out of the University of Idaho Integrative Graduate Education and Research Traineeship (IGERT) project on biodiversity conservation and sustainable agriculture in fragmented landscapes and as developed under the support of the National Science Foundation (SES-0283058).

b. What is the Toolbox Idea? It is not meant to address all challenges, but only those related to communication about scientific research. These include terminological and conceptual obstacles that arise due to lack of mutual understanding.

c. Why you? The goal is to enable you to see your research project through the eyes of your collaborators. Include customized language based on what is learned from the interview with the team leader.
2.3)
Session nuts and bolts
a. Announce IRB approval. This is a research project involving human subjects, so IRB approval to audiotape these sessions and collect other types of data from team participants has been sought and received. (Groups interested in using this protocol for research purposes will need to obtain IRB approval from their home institution.)

b. Given that this is a research project, you are welcome to opt out of participation. Secure verbal permission to supplement the written permission on the participant sign-in sheet (Table 2).
c. Describe the Toolbox instrument. It is a discovery mechanism designed to reveal fundamental epistemological and metaphysical research assumptions (that is, assumptions about knowledge and the world that frame scientific research); the instrument is an updated version of the one published in Eigenbrode et al. (2007); it comprises two broad categories (epistemology and metaphysics), 6 sub-categories headed by a Core Question, and 34 total statements. Each statement is associated with Likert scales, and they will be given time after the introduction to score each statement.
d. Note that the statements can be vague and/or ambiguous. This is by design—it is in specifying the meanings of the terms the statements contain (e.g., ‘values’, ‘hypothesis’) that the team will work out what they believe individually and collectively. 

e. Describe the Toolbox Workshop. It includes a facilitator whose job it is to ensure that the team covers the instrument, and a recorder who notes speaking turns as a way of assisting the transcriber in identifying who is speaking. The team is welcome to start anywhere in the instrument, once they have all scored the Likert scales associated with the statements. 

f. Discuss the sign-in sheet, why it is important, the participant code, and the order it should be passed. This is also a good place to bring up confidentiality—participant codes rather than names are used to catalog the points made during the session. 

2.4)
Post-workshop Toolbox: they will be asked to score the Toolbox again after the session.
2.5) 
Debrief discussion: this will be an opportunity for them to react to the experience, and will take place in the final 15 minutes of the workshop session.
2.6)
Open question to the group: Are there any comments or questions regarding what they are doing today and the process to be used?
3)
The Workshop: This will take between 2 and 2-½ hours.

3.1)
After their introductory remarks, the facilitator will distribute the Toolbox instrument  (Table 1) and instruct the participants to read through it and respond to each of the 34 statements it comprises by scoring the associated Likert scales and annotating their scores with reasons. This will take approximately 15 minutes.


3.2)
After each participating team member has completed the Toolbox, the facilitator will invite someone in the group to initiate the discussion by commenting on a statement that intrigues them. There is no set starting point in the Toolbox to the dialogue—the participating team should allow their interest to guide them to the appropriate starting point.

3.3)
The dialogue could be allowed to develop for up to two hours. In some cases, this will not be enough, but in others, this stage of the workshop might be called to a close by the facilitator before two hours has elapsed.

3.4)
Role of the facilitator: During the workshop dialogue, the facilitator’s primary function is to ensure that all six areas of the Toolbox associated with Core Questions are addressed at least briefly during the two-hour Toolbox dialogue.
a. At the beginning of the session, the facilitator will encourage all team members to participate and will remind participants to be respectful of each other’s opinions. 

b. The facilitator will encourage participants not to change their Likert scores during the workshop, as they will have an opportunity at the end of the workshop to fill out the instrument again.

c. During the workshop, the Toolbox model employs a “hands-off” approach to facilitating. The facilitator will remain silent for the most part, speaking only when necessary, given the remaining time, to move the team through the Toolbox instrument.

d. The facilitator is not there to engage every team member. A primary research goal is to analyze group dynamics; to this end, the facilitator’s role should be limited to ensure that the dialogue is an authentic reflection of the team’s communication dynamic.  
e. When the team directly engages the facilitator, the facilitator shall respond to the question. 
i. Procedural questions shall be addressed as succinctly as possible. 
ii. Questions will be asked about the meanings of various words in the Toolbox instrument, which are intentionally left undefined. (See Discussion below.) When asked about the meaning of a word, the facilitator shall say: “Discussion about the meaning of these complex topics is part of this study, so please use it how you feel is natural and discuss your interpretation amongst yourselves.”  

3.5)
Role of the recorder: The recorder’s primary role is to record speaking turns so as to enable the workshop transcriber to associate speaking turns with the correct participant. They perform several related functions during the session:

a. Distribute the participant sign-in sheet, which collects names and email addresses, associates each team member with a participant number, and gives them a chance to indicate their willingness to be a research subject. (See Table 2.)
b. Transfer participant names and numbers from the sign-in sheet to the first page of the recorder form (Table 3), along with a visual record of participant location around the table.
c. After the Toolbox instrument has been completed by the participants, the recorder will turn on the tape recorder so that an audiotape of the dialogue can be made.

d. Using the speaking turn form, track the speaking turns as closely as possible, noting by participant number each new speaker and recording some part of their contribution to serve as an index for the transcriber.
e. When the dialogue is brought to a close by the facilitator, the recorder will turn off the tape recorder.

4)
Completion of the Post-workshop Toolbox: After the facilitator has called the dialogue to a close, they will collect the scored Toolbox instruments distributed at the beginning of the session and distributed clean copies of the instrument. The facilitator will instruct the participants to respond to each of the statements again. This will take approximately 15 minutes.
5)
Closing Remarks and Debrief Discussion
5.1)
After collecting the scored, post-workshop Toolbox instruments, the facilitator will ask participants several questions:

a. What are the most interesting things you learned during the workshop?

b. Are there aspects of collaborative research that you would have liked to talk about but were not included in the Toolbox? 
c. Do you feel like additional time with the Toolbox is needed? (If so, the team should be encouraged to continue this discussion on their own.)
d. Are there additional comments or questions?
5.2)
The facilitator will close the workshop by explaining the post-workshop activities and products, underscoring the importance of completing the post-workshop questionnaire as soon as they receive it. (See Representative Results and Table 4.)
6)
Distribution of Follow-up Questionnaire: Using the email addresses from the participant sign-in sheet, the researcher will contact each participating team member individually and request that they reply to the email and fill out the post-workshop questionnaire included in it. (See Table 4.)

6.1)
The initial email will be sent 10 days after the workshop.
6.2)
Two follow-up emails reminding non-respondents to fill out the questionnaire will be sent out 30 days and 60 days after the workshop.

7)
Preparation and Distribution of Toolbox Workshop Analytic Profile

7.1)
Data collected during a Toolbox Workshop cycle include: pre- and post-workshop Likert scores, audiotape recording of the workshop dialogue, and the post-workshop questionnaire responses.

7.2)
The research team will analyze this data and produce a report that it shares with the participating team. This report includes a cover sheet (Table 5), the analysis results (see Representative Results), the Toolbox instrument (Table 1), the transcript of the session, and a “Next Steps” sheet describing follow-up opportunities (Table 6).
7.3)
The analysis includes:

a. Preparation of pre- and post-workshop Likert response distribution, by statement.  (See Representative Results 1.)

b. Preparation of pre- and post-workshop Likert response averages, by statement. (See Representative Results 2.)

c. Coded analysis of the content of the transcript. (See Representative Results 3 for an example of a coding structure that could be used to analyze the transcript.)

d. Coded analysis of the questionnaire responses. (See Representative Results 4.)
7.4)
The research team will aim to complete their analysis within three months of the workshop and return the analytic profile of the workshop to the participating team as a .pdf file.

Representative Results: 

Each Toolbox Workshop cycle generates a variety of data that reveal aspects of a research team’s epistemological orientation and communication process. As indicated, the data collected include: pre- and post-workshop Likert scores, audiotape recording of the workshop dialogue, and the post-workshop questionnaire responses. We have utilized a variety of analytic techniques to assess these data. These techniques are represented below in the following order:

1) 
Pre- and post-workshop Likert response distributions, by statement

2) 
Pre- and post-workshop Likert response averages, by statement

3) 
Coded analysis of the transcript using a code structure that reflects important epistemic and communicative moments within the workshop dialogue
4) 
Coded analysis of the questionnaire responses, which is discussed in the cover letter returned to the team.

These analyses are collected into an “Analytic Profile” that also includes a cover sheet (Table 5), a copy of the Toolbox instrument (Table 1), a copy of the transcript from the session, and a “Next Steps” sheet describing follow-up opportunities (Table 6).
1)
Pre- and post-workshop Likert response distributions, by statement
In these examples, the size of the shapes indicates the number of respondents at that particular score for a given statement. The statement numbers correspond to the statements contained in the Toolbox instrument (Table 1).
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2)
Pre- and post-workshop Likert response averages, by statement
In this example, the red circles correspond to pre-workshop responses and the blue triangles to post-workshop responses.
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3)
Coding structure example for use in analyzing the transcript
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4)
Cover letter excerpt that includes analysis of questionnaire responses
What follows is an excerpt from a sample cover letter written by the Toolbox Project researchers to the participating team. The questionnaire responses are drawn from the post-workshop questionnaire (Table 4).
I.
COVER LETTER

TO:

…

FROM:
Toolbox Project
RE:

Toolbox Workshop, 21 September 2009
DATE:

5 March 2010

…
A. Post-Workshop Questionnaire Summary

Introspective Effects 

The … team comprises a group of scholars with an extensive background in cross-disciplinary research. As expected, it is a group committed to the value of this type of research, even in the face of uncertain funding and extramural support. As an example of this commitment, consider this comment from a team member: “I’ve long recognized the significant obstacles to authentically interdisciplinary research. The high costs, are matched, however, by considerable benefits.” This workshop had no reported effect on this commitment, although one participant did note that the workshop convinced them to pay “more attention to cross-disciplinary communication” at the beginning of this type of project.

Each participant noted a key discovery, ranging from “learning a bit about my colleagues that I did not know before” to “a greater appreciation of the broad spectrum of methods of inquiry into nature, life and the human condition.” While one participant was struck by the “relative agreement” among the group, two others focused on the differences, even among those with “similar backgrounds.” These differences included “differing definitions of what constitutes science vs. scholarly study,” among other things. A common theme in these responses was the insight gained into the views of fellow team members, nicely summarized by this comment: “Fascinating insights on other team members’ views on the role of science, the nature of evidence and inference.”
As a whole, the group felt the workshop was valuable and aided professional development. The workshop itself was relatively short and focused, emphasizing “how different forms of academic scholarship can work together to meet critical needs.” Several participants commented on the value of the workshop as a mechanism for illuminating the “basic values and beliefs of the participating scientists,” as well as the “defaults and hidden assumptions” of the group. These fundamental commitments can generate specific, “topical” disagreements that prove to be rooted in philosophical differences. As one participant put it,

The exercise helps to address these areas [of potential disagreement] early and in a more abstract way, so that it's easier for individuals to become familiar with differences and biases in a neutral setting.
Among the philosophical aspects revealed by the workshop were specific differences in the definitions of science, as well as more general issues such as the value of the team’s work as a whole. “It gave me a chance,” wrote one participant, “to reflect on the bigger picture and value of our work and to better appreciate the challenges that we are facing in making it sustainable.”
Interactive Effects

The team was unanimous in its strong appreciation for mutual understanding of the philosophical orientations and disciplines represented in a collaborating, cross-disciplinary research team. In commenting on the role a Toolbox workshop can play in generating this type of understanding, one participant made the following remark:

Definitely important. Brings up reasonable differences in a setting conducive to discussion and understanding. Prevents a team from proceeding under differing assumptions which may cause difficulty later. Helps to open up the team's thinking, even in areas of agreement.

Another was struck by how much mutual understanding there appeared to be within the team: “without having explicit discussion we had developed some feel for the breadth of views we held and that contribute to issues in sustainability.”
The majority of participants felt the discussion of epistemology was most important for the team. Among the aspects that stood out were the nature of evidence and replication, although one individual did comment on the differences that were revealed by the metaphysics discussion between “the engineer and social scientist”.

All of the participants found the Toolbox approach at least somewhat useful, although several noted that its utility would vary depending on “the team (new or established),” “the task,” or “the breadth of issues being addressed.” One respondent put it this way: “[The Toolbox workshop] can be very helpful if participants already have experience working together and are open to exploring these deeper questions.” 

Evaluative Effects

Few respondents recorded specific changes attributable to the workshop. To some extent, this is likely attributable to the extensive cross-disciplinary experience of the group. However, one participant made the following observation:

It has helped me to better understand the team and their approach to a topic. I think I'm more open to the more qualitative methodologies, which are unfamiliar to me.

Suggestions
The call for improvements at the end of the questionnaire gave rise to several comments. One participant made the following observation about the practical, on-the-ground context within which cross-disciplinary research is conducted:

It would seem that the importance of impact driven, multidisciplinary work should be connected better to the realities of making it happen in today's world where sustainable funding is required and most of the agencies, industries and organizations supporting university work are very compartmentalized in specific disciplines.

Interpreted as a suggestion for Toolbox modification, this could be a call to focus philosophical attention on the incommensurable relationship between the value of research output and the practical priorities that drive research practice. 

Another participant waxed more philosophical, commenting that the Toolbox could raise questions such as the following: “Why are we so curious? Why do we need to know reasons, purposes, meaning in life?” 

Somewhere in between, a third respondent requested follow up: “I think that topics were well covered, but that this is something that needs follow up. One session is helpful, but a follow up or two would definitely improve interactions.” To this end, please see the Appendix that follows the Toolbox transcript.

The workshop itself was also a source of ideas for possible additions or modifications to the Toolbox. One general idea concerned modification that would introduce the humanities as a subject matter into the dialogue. More specific ideas included:

· Freedom/determinism (Reality)

· Disciplinary integration (Methodology)

· Passion and value (Motivation)

· Trust (Motivation/Values)

· Risk (Motivation/Confirmation)

· Status/power (Motivation)

Tables and Figures:  
We include several tables displaying the materials we use in a Toolbox Workshop cycle. These are:
1)
Toolbox instrument

2)
Participant sign-in sheet

3)
Recorder form

4)
Post-workshop questionnaire

5)
Sample cover sheet

6)
“Next Steps” sheet describing follow-up opportunities

Table 1)
Toolbox instrument

	Epistemology

	I. Motivation 

Core Question: Does the principal value of research stem from its applicability for solving problems?

1. The principal value of research stems from the potential application of the knowledge gained.
Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

2. Cross-disciplinary research is better suited to addressing applied questions than basic questions. 

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

3. My disciplinary research primarily addresses basic questions.   

Disagree                         Agree


     1        2        3        4        5                 I don’t know          N/A

4. The importance of our project stems from its applied aspects. 

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

5. The members of this team have similar views concerning the motivation core question.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

	II. Methodology
Core Question: What methods do you employ in your disciplinary research (e.g. experimental, case study, observational, modeling)? 
6. Scientific research (applied or basic) must be hypothesis driven.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

7. In my disciplinary research, I employ primarily quantitative methods.   

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

8. In my disciplinary research, I employ primarily qualitative methods.   

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

9. In my disciplinary research, I employ primarily experimental methods.   

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

10. In my disciplinary research, I employ primarily observational methods.   

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

11. The members of this team have similar views concerning the methodology core question.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

	III. Confirmation
Core Question: What types of evidentiary support are required for knowledge?
12. There are strict requirements for the validity of measurements.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
13. There are strict requirements for determining when empirical data confirm a tested hypothesis. 
Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
14. Validation of evidence requires replication.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A 

15. Unreplicated results can be validated if confirmed by a combination of several different methods.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
16. Research interpretations must address uncertainty.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
17. The members of this team have similar views concerning the confirmation core question.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 

	Metaphysics

	IV. Reality 
Core Question: Do the products of scientific research more closely reflect the nature of the world or the researchers’ perspective?

18. Scientific research aims to identify facts about a world independent of the investigators.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
19. Scientific claims need not represent objective reality to be useful.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
20. Models invariably produce a distorted view of objective reality.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
21. The subject of my research is a human construction.

Disagree                         Agree

     1        2        3        4        5                 I don’t know          N/A 
22. The members of this team have similar views concerning the reality core question.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A 

	V. Values
Core Question: Do values negatively influence scientific research? 
23. Objectivity implies an absence of values by the researcher.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

24. Incorporating one’s personal perspective in framing a research question is never valid.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
25. Value-neutral scientific research is possible.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
26. Determining what constitutes acceptable validation of research data is a value issue.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
27. Allowing values to influence scientific research is advocacy.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
28. The members of this team have similar views concerning the values core question.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

	VI. Reductionism 

Core Question: Can the world under investigation be reduced to independent elements for study?

29. Differences in spatiotemporal scales impede useful synthesis in cross-disciplinary research.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

30. The world under investigation is fully explicable as the assembly of its constituent parts.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

31. The world under investigation must be explained in terms of the emergent properties arising from the interactions of its individual components.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
32. My research typically isolates the behavior of individual components of a system. 

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A
33. Scientific research must include explicit consideration of the environment in which it is conducted 

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A

34. The members of this team have similar views concerning the reductionism core question.

Disagree                         Agree

    1        2        3        4        5                 I don’t know          N/A


	
	Demographic Profile  (ID# __________ )

	1
	Male ______    Female  _______

	2
	Career phase:   Early  _______ (1-7 yrs)    Mid  _______ (8-20 yrs)   Late  _______ (20+ yrs)

	3
	# of years you have been participating in inter- or cross-disciplinary activities   ______ yrs

	4
	What discipline (or disciplines) would you describe as your primary identity?

  1. ___________________________________        3. ____________________________________
  2. ___________________________________        4.  ____________________________________

	5 
	Ethnicity:  _______________________________________________________________________


Is there any additional information you would like to share with us?
Table 2)
Participant sign-in sheet

Toolbox Workshop: __________________________________

Date: _______________________

	Code
	Name
	
	Email Address

	P1
	_______________________________
	
	____________________________________

	P2
	_______________________________
	
	____________________________________

	P3
	_______________________________
	
	____________________________________

	P4
	_______________________________
	
	____________________________________

	P5
	_______________________________
	
	____________________________________

	P6
	_______________________________
	
	____________________________________

	P7
	_______________________________
	
	____________________________________

	P8
	_______________________________
	
	____________________________________

	P9
	_______________________________
	
	____________________________________

	P10
	_______________________________
	
	____________________________________

	P11
	_______________________________
	
	____________________________________

	P12
	_______________________________
	
	____________________________________

	P13
	_______________________________
	
	____________________________________

	P14
	_______________________________
	
	____________________________________

	P15
	_______________________________
	
	____________________________________

	P16
	_______________________________
	
	____________________________________

	P17
	_______________________________
	
	____________________________________

	P18
	_______________________________
	
	____________________________________

	P19
	_______________________________
	
	____________________________________

	P20
	_______________________________
	
	____________________________________


Table 3)
Recorder form

	Toolbox Session

	Team:
	Date:

	Facilitator:
	Recorder:
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Table 4)
Post-workshop questionnaire

PARTICIPANT EVALUATION OF THE TOOLBOX WORKSHOP
 

Introspective effects. 

1. Describe the key discovery for you as an individual scientist during the dialogue?
 
  
2a. How would you characterize the level of your professional involvement in interdisciplinary research before engaging in the exercise?   
 
____none    ____ little     ____moderate        ____extensive        _____exclusive
2b. Did the philosophical divides and/or connections you explored encourage you to pursue more, less, or about the same level of interdisciplinary research in the future? Please explain
  
 
3. Explain why (or why not) you think participating in the Toolbox exercise helped your professional development.
  
 
Interactive effects

4. From your experience with this team, explain whether you think mutual understanding of each other’s philosophical orientations and disciplines is important for interdisciplinary team function.
  
 
5. Which types of dialogue you encountered in the exercise were most important for your team – those addressing epistemological or metaphysical aspects of the philosophy of science?
  
 
6. If you participate in future interdisciplinary team based research, how useful would it be in your view to engage in a dialogue based on our Toolbox of questions or a similar instrument?
  
 
Evaluative effects

7. How have your own individual views on the philosophical basis of your disciplinary science shifted since completing the exercise? Explain whether the philosophical dialogue Toolbox exercise contributed to that shift.
  
 
8. What philosophical aspects of scientific research were not well covered through the Toolbox and how might the Toolbox be improved to accomplish this? 
Table 5)
Sample cover sheet

	Toolbox Project
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	ANALYTIC PROFILE



	
	Team:
	…

	
	Date:
	21 September 2009
	

	
	Location:
	…
	

	
	Contents:   
	I. Cover letter

II. Pre- and post-workshop Likert response analysis
III. Toolbox instrument
IV. Transcript
V. “Next Steps” appendix


	
	Facilitator:
	Researcher A



	
	Recorder:
	Researcher B
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Table 6)
“Next Steps” sheet

	  Toolbox Project
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	— Next Steps —

	1. Follow-up Toolbox Workshop: Conduct another Toolbox workshop at a later time with the same set of participants; we suggest that this take place about a year after the first workshop. This could be facilitated by us or by the team. 

2. Toolbox Workshop with New Team: Conduct another Toolbox workshop when the personnel composition of the team changes (e.g., new members are added), or if new challenges arise that would make another session beneficial. This could be conducted by us or by the team.
3. Modified Toolbox Workshop: The Toolbox instrument could be modified to reflect the thematic concerns of the team, and then used in a second Toolbox workshop. Modification of the instrument and facilitation of the workshop could involve us.
4. Partial Toolbox Workshop:  A Toolbox workshop could be conducted around issues of special concern to the team—e.g., values, methodology, etc.—using the current Toolbox instrument. This could be conducted by us or by the team.

5. Alternative Conceptualizations: Use alternative ways of representing conceptual relationships (e.g., concept mapping, logic models) to build on the gains made in mutual understanding in the team. This would be initiated by us and could be conducted by us.
6. Structured Discussions: Instead of a formal workshop, the team could meet to discuss what was learned in the Toolbox workshop, perhaps with guided by this Analytic Profile.  Semi-regular discussions about philosophical assumptions can help facilitate thematic transition as the team’s research agenda develops. To be conducted by the team.
7. Reading: Occasional reading of the relevant literature (posted in part on our website: http://www.cals.uidaho.edu/toolbox ) can help to fix the gains made by the team in the Toolbox workshop. To be conducted by the team.


Discussion: 
According to NAS (2005), “Interdisciplinary research … can be one of the most productive and inspiring of human pursuits … As a mode of discovery and education, it has delivered much already and promises more—a sustainable environment, healthier and more prosperous lives, new discoveries and technologies to inspire young minds, and a deeper understanding of our place in space and time” (p. 1). As the NAS sees it, there are several “drivers” that are pushing the sciences in the direction of greater and greater interdisciplinarity:

· The “inherent complexity of nature and society”

· The “drive to explore basic research problems at the interfaces of disciplines”

· The “need to solve societal problems”

· The “stimulus of generative technologies” (p. xvii)
These, combined with the money being spent on it the world over, have made interdisciplinary research an object of significant interest in the academy. Much of this attention is turned to complex problems such as hunger, poverty, sustainability, and AIDS, as it should be, but the success of these efforts will depend on the quality of interdisciplinary research process, and so process itself must be a focus of research. 
Indeed, there is a growing literature that focuses on the difficulties that can undermine interdisciplinary efforts. Interdisciplinarity has been a focus for important theoretical discussions for some time (e.g., Klein 1996, Younglove-Webb et al. 1999), but the interest in it has grown as funding agencies and academic institutions have become more interested in fostering this type of research. Recent contributions to this literature include general discussions of interdisciplinary issues (e.g., Frodeman et al. 2010) and processes (Bennett et al. 2010), the emerging discussion of the science of team science (e.g., Stokols et al. 2005, Fiore 2008, Mâsse et al. 2008, Falk-Krzesinski et al. 2010), as well as discussion of cross-disciplinary communication (e.g., McDonald et al. 2009, Thompson 2009, Crowley et al. 2010). 

The Toolbox Project is part of this effort, emerging out of Eigenbrode et al. (2007) and focusing on communication processes within cross-disciplinary scientific teams. Dialogue about the statements that constitute the Toolbox instrument illuminates research assumptions, thereby enabling collaborators to learn about themselves and their partners. The upshot is enhanced mutual understanding and an ability to see the research problem space through the eyes of their collaborators. We hypothesize that these epistemic gains support communication gains, enabling more efficient and effective communication about the science. 

The Toolbox Project is both a research project and an outreach project. The chief research aim is to determine the impact of the Toolbox Workshop on collaborating teams of cross-disciplinary scientists. In addition, though, the goal is to contribute to the development of the participating teams, and to that end, the Toolbox Project prepares detailed reports of the workshop experience for those teams. 

Critical steps:  To ensure that a Toolbox Workshop runs smoothly, it is important for the participating team to understand its purpose and its place in the big picture of their particular effort. This generates buy-in, without which the dialogue can be less vigorous. Two elements of the protocol are designed to produce this buy-in: distribution of Eigenbrode et al. (2007) for reading in advance of the workshop, and the opening remarks from the facilitator prior to distribution of the instrument. 

Given that the workshop is part of a research effort, it is important to obtain permission from the participants to audiotape the session. This is typically done at the same that participants are assigned the codes that will enable researchers to associate comments made during the dialogue and to connect them to demographic data collected on the Toolbox instruments. 

The facilitator should encourage full Toolbox coverage during the workshop. Adopting a 
“hands off” approach, the facilitator should avoid distorting the dialogue process. Finally, time should be set aside at the end for debriefing. 

Possible modifications: There are a number of variations on the Toolbox theme that can be implemented by interested researchers. The Toolbox Workshop can be run just to generate the dialogue, without the gathering of data for subsequent analysis. It can also be run in a focused way, using only those pieces of the instrument that are of specific interest to the participating team. 

Applications: This approach has been used to positive effect in a variety of settings and with a variety of groups. The target group is the collaborating, cross-disciplinary research team; however, we have also conducted workshops with student teams, both graduate and undergraduate, teams of administrators charged with running research centers, and ad hoc groups interested in the approach. It is especially important that researchers focus on generating buy-in from student groups and ad hoc groups, as these often do not have a collective identity that can serve as a foundation for vigorous dialogue.
Significance: We are in the early stages of experimental evaluation of the impact of the Toolbox approach. Early results indicate that the workshop dialogue reveals valuable insights into collaborator research processes, thereby enhancing mutual understanding. These results reinforce participant characterizations of the experience as important and revealing. Respondents to our post-workshop questionnaire were overwhelmingly positive about its use for the future (85%, 48/56 responses) and its contribution to their professional development (93%, 50/54 responses). Preliminary qualitative analysis of the workshop transcripts indicate that gains in understanding are obtained primarily through listening and responding to their teammates’ beliefs about scientific methodologies, and articulating (perhaps for the first time) their own scientific beliefs and assumptions. These articulations allow the group to understand its identity and capabilities (and the identities of its constituent members) more explicitly. This benefits the group by identifying potential conflicts in assumptions and approaches that are fundamental aspects of each team member’s discipline, and more positively, may allow teams to visualize complementary strengths that weren’t fully displayed before. 
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