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Introduction

The University of Michigan Visible Human Project (UM-VHP) has three, far reaching, overall goals:

1. Provide access to and dissemination of Visible Human (VH) data sets through Internet2 and high performance servers.

2. Develop software tools for browsing, segmenting, and rendering models of VH data.

3. Use the above technologies to deliver and assess VH based instructional content for users in a variety of health care related test beds.

The Project includes a team of faculty and students whose purposes include evaluation and assistance in development of the user interfaces to the Visible Human dataset, and implementation and assessment of VH based tools in educational settings. This paper stems from the work of this User Interaction and Evaluation Team (UIET).

The purpose of this investigation was to provide formative evaluation of user interfaces to current VH browser software, with an eye toward the potential for student use of these browsers as part of a future instructional system based on VH data sets. The UIET’s goal was to gain insight into how students interact with the software interfaces, and also how students perceive the usability of the different types of browsers. Two research questions guided this work:

1. What is the most effective way for student users to interact with VH browser interfaces?

2. What are students’ perceptions of the usefulness of the VH software for learning anatomy?

Formative evaluation emphasizes collecting information during early design stages in order to improve the design, achieve greater effectiveness and efficiency, and test usability and acceptance. Recognizing the drawback of summative evaluation, which is focused on the end product, research in the past three decades (Tessmer, 1993; Boyle, 1997, pp. 69, 186 & 199) increasingly focused on formatively evaluating instructional materials in order to generate products which significantly improve students’ performance. While formal procedures exist for evaluation of computer software (Olson & Olson, 1990; Nielsen, 1994; Reeves et al., 2002), this formative evaluation complements feedback obtained through expert and formal review. Having potential users experience and evaluate the product can provide information that may not be found by expert review.

Methods
The UIET employed qualitative research methods in this study. When software development goes through a series of rapid prototyping stages, it is not practical to perform a large sample, statistical investigation of a given stage, and still get feedback to the developers in time to be useful. At early stages of the instructional design process, before the system is ready for larger scale field testing, small group evaluation generates information to support design decisions. This study employed focus groups to test software usability. The usability testing allowed the researchers to observe users’ immediate responses to the software. The focus group method afforded the opportunity to observe participants’ interactions with the software and each other, and to discuss design issues directly with the participants.
Procedure

Institutional Review Board approval for human subjects research was obtained from the University of Michigan before data collection occurred. The UIET conducted three focus groups (semi-structured group interviews). Research participants were second year medical students who had just completed a year of gross anatomy study. The groups of participants had the following composition.

	Group 1
	Group 2
	Group 3

	0 Female

4 Male
	2 Female

2 Male
	1 Female

3 Male


Except for the order in which different softwares were presented, the procedure used in each focus group followed the same protocol. After informed consent was obtained from the participants, a member of the research team demonstrated features and controls of one software program. Following this short presentation, students had the opportunity to ‘take the controls’. One student volunteer operated the software controls while the other three students coached the operator. Once they had a few minutes for free exploration, the students carried out an anatomy ‘assignment’ to find a particular anatomical structure (e.g., locate and display the left ovary). During this time, students were encouraged to converse and think out loud as they explored the VH database using the browser software. After this exercise was complete, a member of the research team led a discussion with the participants regarding their thoughts about how the software could best be used in learning anatomy and elicited their opinions about the software’s user interface. The researchers repeated this cycle of demonstration, student exploration, and discussion for each software used in the focus group session. Near the end of the session, researchers and participants conducted a summary discussion in which participants were encouraged to compare and contrast experiences with and impressions of the programs. Each focus group session lasted about 90 minutes.

Software

The principal software used in this study includes the Edgewarp 3D (EW) program by Fred Bookstein & William Green and the Pittsburgh Supercomputing Center Volume Browser (PVB) by Art Wetzel & Stuart Pomerantz. In addition, participants viewed a digital movie simulation of an Edgewarp fly-through of the thorax, and one group saw a demonstration of a worldwide web interface to an anatomy content database. Because of technical problems, the anatomy database was only shown to one group. Only the EW and PVB program trials yielded enough information to support any conclusions.

Figure 1 shows an image captured from the screen of a computer running Edgewarp. The screen is divided into two panes. The left pane shows a projection of a three dimensional reference image consisting of portions of orthogonal cross sections along the three cardinal body planes. The right pane displays the cut-plane, a detailed view of a user selected cross section from the VH data set. The small yellow box near the center of the reference image indicates the body location and orientation of the cut-plane on the right. Notice the low image resolution (large, course pixels) in the upper left cut-plane image. This portion of the image is still under construction from VH data being downloaded via the internet from a remote server. Similar image break up occurred with each rotation or translation of the cut-plane. This image break up greatly impacted research participants’ experience with the VH browsers. To be fair, it is also important to note that the focus groups did not have the benefits of an Internet2 connection or VH data compression.

[image: image1.jpg]



Figure 1  Edgewarp 3D Screen Capture
Edgewarp’s graphical user interface provides users a combination of tools to control browser operations. These tools include pull down menus (top, left of screen), button-bars extending across the top of the screen, and dialog boxes (see inset over reference pane image). In addition, a two-button mouse enables translation and rotation of both reference and cut-plane images. Dragging on the yellow box in the reference image allows rapid movement of the cut-plane to an anatomic region of interest. Mouse button behaviors are context sensitive.
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Figure 2  PSC Volume Browser Screen Layout (circa July 2001)
Figure 2 contains a frame from a video recording made during one of the focus groups. The video shows the screen layout for the version of the PVB software that was current at the time of the focus groups. The large, nearly square, “browser window” on the screen’s left displays the cut-plane (cross section) selected by the user. To the right of the browser window lies the “context window.” A wire-frame box in the context window indicates the VH body orientation. Within the box a user can also choose to display models (3D surface renderings) of the skin, and some bones and internal organs. Figure 2 shows the skin model turned on. Model opacity is variable from zero to 100 percent. Also in the context window, slightly to the left of the figure’s sternum, note the small image of the current cut-plane. This cut-plane indicator provides information about the location and orientation of the cut-plane seen in the browser window. Users controlled the PVB through a collection of dialog boxes that appear in a vertical column along the right edge of the screen image. These dialog boxes contain an assortment of buttons, check boxes, sliders and data entry boxes for typing numerical parameters. As in the EW browser, a two-button mouse enables translation and rotation of both reference and cut-plane images.

Data and Analysis

The researchers videotaped all three focus group sessions for subsequent analysis. While these videos constitute the principal data record of these focus groups, they are supplemented by notes taken during the sessions.

Since this investigation involved only a small number of participants in three focus groups, the researchers employed qualitative data analysis techniques. Two investigators together studied videos of the focus group sessions. They worked through the video tapes in sections, repeatedly viewing and discussing each section in order to reach a consensus understanding of that section. Rather than make a verbatim transcription or detailed narrative, these investigators took meticulous notes on their observations, occasionally including quotes and event descriptions. Using their notes and observations, the investigators then searched for patterns of salient utterances, behaviors, and events. To assist in this analysis, the researchers organized their observation notes into tables and coded table entries by theme. The sample below illustrates the structure of one of these tables. The left two columns enable one to trace a given event record back to its source. Column three identifies the VH browser involved.

	Event Sequence Number
	Group Record Number
	VH

Tool
	Observation/Comment
	Theme

Code

	
	
	
	
	


Below the header row, each row in a table, contained one event record. Investigators classified each event record in a table with one of the following theme codes, then sorted the table by code. This procedure grouped similar records close together and helped in the identification of related or recurring observations and events. The final step in data analysis was to summarize the information in the tables, giving particular attention to persistent patterns and individual events the researchers deemed of greater significance.

	Theme Codes
	Themes

	Category 1

1.1

1.2

1.3


	Interactions with VH software

1.1
Use of browser program functions, controls and display

1.2
Interpretation of display with regard to orientation and anatomic information

1.3
Strategies for recognizing anatomic structures, finding structures and recognizing anatomic relationships

	Category 2

2.1

2.2


	Learning anatomy with VH software

2.1
Student requirements for anatomy content, including:

· Integration with other course materials

· Links among anatomy information sources

· Anatomic regions requiring special attention

2.2
Use of the software for learning anatomy, including:

· Learning curve for using VH browsers

· Student learning styles with VH browsers and related media

· Potential usefulness of VH images for various anatomic regions



	Category 3

3.1

3.2

3.3


	Student suggestions for:

3.1
Human-computer interface and control devices

3.2
New VH browser functions

3.3
Application of VH browsers to particular anatomy topics




Results

The principal results from this formative evaluation are summarized below, organized according to the same major theme categories described above.

Interactions with VH Software

Focus group participants expressed a marked preference for the feature provided by the Edgewarp 3D user interface that enabled them to use the mouse to click and drag the yellow rectangle in the reference image window. Dragging the yellow rectangle allowed them to execute large, rapid movements of the cut-plane through the VH data set, and thereby quickly move the cut-plane image to the vicinity they wanted to view.

Participants also seemed to prefer a button-bar style user interface like that found in familiar, commercial, application softwares. Participants in the first two groups stated that they liked the button-bar interface of EW, but were often confused about which button did what. They observed that multiple EW buttons have the same icon but perform different functions, and they tried, unsuccessfully, to determine if the buttons were grouped by function or by which window they affected.

The participating students experienced several difficulties while working with the volume browsers. Since the focus group settings did not allow for the high data transmission rates of Internet2, the VH browser demonstrations ran slowly, waiting for volumetric data to be downloaded from the remote server. As a result, when students would try to navigate through the VH data set, the cut-plane image would break up (become coarsely pixilated) till new data arrived to fill in the details. In turn, this loss of resolution made it impossible for students to tell how far they had moved the cut-plane. They consistently undershot or overshot their intended endpoint and often became lost or disoriented.

The medical students seemed strongly accustomed to canonical, orthogonal cutting planes, and appeared uncomfortable when viewing arbitrary, oblique cross sections for very long. Also, students often got lost or disoriented while translating or rotating the cut-plane view, even when the displacements were small. These orientation problems came in three forms:

Not knowing the current location of the cut-plane within the body: Where am I and what am I looking at?

1. Not knowing the direction of motion when translating or rotating the cut-plane. One focus group specifically asked for an on-screen motion indicator.

2. Not knowing their aspect when looking at a cross section. For example, when looking at a coronal cross section, how does one tell whether one is looking from in front or from behind? The answer to this question was not always immediately obvious to the students, which led to navigation errors as they attempted to move a browser’s cut-plane image to a desired location and orientation.

In contrast to the above orientation problems, the presence of models, three dimensional renderings of organs or bones, seemed to greatly aid the students in positioning the cut-plane in a desired position. When using the PVB, students used the skin model to identify and set the location of the cut-plane (browser window image). Though it works differently, the yellow box in EW’s left window appeared to serve a similar purpose.

Learning Anatomy with VH Software

Focus group participants made multiple comments related to the usefulness of VH software for learning anatomy. Labels for the anatomical features displayed in the browser window were especially important to the students. In addition, students said it would be valuable to link VH browser images to other anatomy information sources, like texts, atlases and laboratory dissection manuals. However, most said the VH images would not be their starting point for anatomy study. Rather, they would link from the other study resources to the VH image data. Students also generally agreed that the VH browsers would be most useful for study of the head-and-neck and pelvis regions. The reason for this opinion is still unclear. One student thought the browsers would be useful for exploring cavities, particularly chambers of the heart.

All the medical students agreed that the VH browser views would become increasing valuable as they advanced in their studies to the last years of medical school, and became more dependent on images from radiology (e.g., CT, MRI, ultrasound). However, most research participants stated that they likely would not use either of the demonstrated versions of the VH browsers as primary learning tools in their anatomy study. Their stated reason for this limited use is that the complexity of the user interfaces of the demonstrated versions required too high a time and effort investment in learning to use the software before they would be fluent enough to begin studying anatomy. Also, there was a consensus among the focus groups that the VH browsers will be a secondary or supplementary learning tool in first-year anatomy, and not replace the resources they already use. The reason for this belief is subject to conjecture.

Student Suggestions

During the discussions which followed the software trials, the groups developed several suggestions for modifications and additions to the VH browser programs. To help with the aforementioned user interface complexity, and the effort required to learn to use these programs, participants expressed a general consensus that there should be user settable preferences to select levels of complexity and power in the user interface. One student proposed replacement of the computer mouse as the principle tool for navigating through the VH spatial data with something akin to a 3D joystick, enabling users to control the cut-plane motion by moving their hand in space. 

As for new VH browser functions, labels for anatomic features, links from other study materials, and a motion indicator have already been mentioned. In addition, research participants requested some kind of user help system, such as pop-up text on mouse-over describing button-bar button functions, and the ability to quickly jump to the best views for particular anatomy topics being studied.

Other Observations

While the UIET researchers followed the same protocol for each focus group, they also adapted the presentations slightly from session to session based on immediate responses from the participating students and insights learned from prior focus groups. Participants in the first two groups used EW first and said they liked it better. The third group used PVB first, and strongly expressed a preference for its user interface.

Conclusions

Answers to Research Questions

In answer to the first research question regarding the most effective way for student users to interact with VH browser interfaces, the UIET states the following conclusions and recommendations:

Students prefer a button-bar style user interface, perhaps because of its familiarity from popular office application software. However, the buttons provided must (a) be few in number, (b) have well defined, context free functions, (c) have unique, symbolic icons or text labels that quickly make sense to a new user, and (d) be grouped by function and by the window they affect.

1. Similarly, mouse behaviors should be as consistent as possible from window to window, and independent as possible of the location of the mouse pointer in a window and the current state of that window.

2. The ability to drag an object in the context or reference image window (yellow box, EW; cut-plane indicator, PVB) in order to quickly move the cut-plane to a vicinity of interest is an important feature to have in any VH browser.

3. The investigators believe that one feature making students appear more comfortable with the Edgewarp browser than the PVB is that it was easier for them to get the cut-plane back from an oblique orientation to a canonical (e.g., coronal) view. Thus the ability to jump back to a canonical or other predetermined view (something like a home button) should be a standard feature of any VH browser.

4. In addition, VH browsers should provide students with the ability to jump to an idealized or instructor selected, preset view, explore the vicinity of the preset view by browsing around, then return to the preset view with the click of a button.

With regard to the second research question about students’ perceptions of the usefulness of the VH software for learning anatomy, the investigators conclude:

1. Providing the student requested labels of anatomic structures pictured in the browser window is an essential first step in turning VH browsers into useful learning tools. Labels could be in the form of pop-up text boxes that appear on mouse-over, call-outs, or text that appears in a separate label window or status line.

2. Students’ consensus that the VH browsers will be a secondary or supplementary learning tool in first-year anatomy, not replacing the resources already used, points out the importance of integrating the VH browsers into a comprehensive set of anatomy learning resources. Students should think of and access the browsers as a component of a larger instructional package.

3. The demonstrated browser versions, especially EW, required a large investment in learning to use the software before students could be fluent enough to begin thinking about anatomy. From an education standpoint, the programs’ user interfaces employed so many of a new user’s cognitive resources that there were few resources left to use in anatomy study. To be fair, these were early versions of both programs, and they were not intended for release in a classroom setting.

4. The investigators feel that the focus group participants’ perception of VH browsers as a secondary study resource (point 2) may be partly due to students already being accustomed to approaching anatomy study in a particular way, using texts and dissection as primary resources, and partly due to the unfamiliar browser user interfaces (point 3). Perhaps this perception will change as the VH tools continue to improve and as the students become accustomed to learning anatomy with computer based media. An important point here is that students in other UM-VHP test-beds do not have access to hands-on dissection, which makes access to good VH based instructional content potentially even more valuable.

Other Recommendations

Having observed focus group participants’ struggles associated with image break-up and image refresh delays, resulting in navigation under/over shoot and disorientation, the authors assert that high data throughput is essential for the volume browsers to be of any use in an instructional setting. Also, any time delay between synchronization of context and cut plane views must be negligible. This conclusion points out the great importance of the work already done as part of The University of Michigan Visible Human Project to provide high network bandwidth and data compression for VH data sets.

From the observation of the students’ three orientation problems (location, motion, & aspect) the investigators infer that it is absolutely essential to provide new users of VH browsers with an orientation support system. Orientation support can take the form of three dimensional models (skin or other large organs, or bones) or an iconic navigation tool (compass). When turned on, the 3D models or renderings of anatomic structures available with the PVB seem to serve as important local frames of reference for students navigating through VH image data. Students used the skin model in the PVB context window to identify and set the location of the cut-plane in the browser window.

Focus group participants expressed a consensus that there should be student or instructor settable preferences to select levels of complexity and capability in the user interface. Perhaps there should be: (a) an expert anatomist’s interface for segmentation, modeling, and labeling work; (b) an instructor’s control set for creating instructional modules; and (c) a student interface that provides tools for navigation and access to models, labels, and instructor determined views.

Remaining Issues and Work

The method the research team employed in this study enabled them to obtain a useful amount of valuable feedback from a small sample of potential users in a short time span. Since the focus groups were conducted, many changes and improvements have been made in subsequent versions of the PVB which are supported by the findings of this research. For example, the PVB now provides: (a) controls in the form of pull-down menus and button-bars, (b) more 3D models, (c) bookmarks with labels that enable jumps to preset views, (d) a larger context window, and (e) a choice of navigation indicators. However, there are some remaining issues and some follow-up work to be done.

The authors suspect there may be an order affect in students’ VH software preferences. They seemed to like best the tool they saw and used first. Further investigation of this issue is not a high priority for the project.

A higher priority follow-up study should investigate the cognitive load a VH browser user interface places on a student, and develop a measure of student facility in working with a browser’s interface. Such a measure would serve as a covariate in subsequent assessments of anatomy learning facilitated by VH browser software. The measure would enable an investigator to partial out the affect of students’ fluency with the software from other influences on the process of learning anatomy content. The ultimate goal of the UIET is the assessment of student learning of anatomy content as a function of students’ cognitive engagement with VH software.
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