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HANDHELD TOOLS THAT “INFORMATE” ASSESSMENT OF STUDENT LEARNING IN
SCIENCE: A REQUIREMENTS ANALYSIS

Abstract

An important challenge faced by many teachers as they involve students in science
investigations is measuring (“assessing”) students’ progress. Our detailed requirements analysis in
a particular school district led to the idea that what teachers need most are ways to increase the
quality of the information they have about what students know and can do, not automation of
typical assessment practices. We see handheld computers as promising tools for addressing this
need because they can give students and teachers frequent, integral access to new ways of
expressing and communicating what they know and can do. Our requirements analysis has led us to
emphasize a need for handheld-based tools that “informate” science instruction by:

* Being oriented to the needs of teachers in transition to inquiry-oriented pedagogy;

* expanding the range of assessment tasks through a new representational medium and

communication infrastructure;

* creating new roles for students in expressing what they know and can do; and

* focusing both students’ and teachers’ attention on scientific concepts.
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HANDHELD TOOLS THAT “INFORMATE” ASSESSMENT OF STUDENT LEARNING IN
SCIENCE: A REQUIREMENTS ANALYSIS

Introduction

Teachers have found handheld computers useful for supporting student investigations in
science classes (Vahey & Crawford, 2002). For example, in many classrooms, students have used
graphing calculators or palm-sized computers adapted with probe kits to gather and graph data.
Educational researchers have used handhelds in science to support bird observation and concept
mapping, measure the quality of collaboration in small groups, and create participatory simulations
of scientific processes, among many other applications relevant to improving science learning
(Chen, Kao, Sheu, & Chiang, 2002; Kaput & Hegedus, 2002; Novack & Gleason, 2001; Solomon
& Perkins, 1998; Soloway et al., 1999; Stroup, 2002; Tinker & Krajcik, 2001; Yarnall et al., 2003).

An important challenge faced by many teachers as they increasingly involve students in
science investigations is measuring (or “assessing”) students’ progress. A story we collected from
one elementary school teacher, whose fifth graders have won a top science fair award, illustrates
this challenge. With her support, students independently designed a wonderful scientific study that
involved advanced concepts of perception and human psychology: they investigated whether
presenting a color with a word could enhance memory for words. The teacher reported that
students’ hypotheses focused on the dual influences of literacy and color on memory. Students
believed that being older and able to read better made color less important to helping students
remember a word. Despite the advanced quality of the students’ work, in the end, they were graded
on the basis of whether they had completed steps in the project rather than on the basis of whether
they understood the content and the design of their study.

The misalignment between content and assessment of students’ work that can be observed in

this story occurs in many other teaching and learning settings. Furthermore, researchers who have



studied the implementation of inquiry-based approaches to science instruction have found that
when teachers do not use formative assessment strategies to support instruction, students learn less
(Barron et al., 1998; Chen et al., 2002; Petrosino, 1998; White & Frederiksen, 1998). Researchers
have also found that when teachers use traditional summative assessments, such as tests, in addition
to investigations, students can get the impression that investigations are “for fun” and not related to
their teachers’ expectations (Means & Haertel, 2002; Means, Penuel, & Quellmalz, 2001; Young,
Haertel, Ringstaff, & Means, 1998). Teachers need support to conduct ongoing formative
assessments to track students’ evolving content and conceptual knowledge. As the literature review
that follows indicates, improved formative assessments can have a large effect on student
achievement. Yet it is often difficult for teachers to adopt new formative assessment practices.

Our Wireless Handhelds Improving Reflection on Learning (WHIRL) project
(http://www.projectwhirl.org) is exploring the use of handhelds to provide support for better
assessment in science classes. We have focused on a requirements analysis to define what software
capabilities teachers may need. Through such analysis, we sought to identify ways in which
teachers could reap the benefits from handheld formative assessments while avoiding adoption
barriers.

Our work has revealed one key theme: teachers need tools that “informate” rather than
“automate” assessment. The distinction comes from the work of Zuboff (1988), a sociologist who
studied how new information technology (IT) affects workers. She argued that although many IT
implementations result in deskilling workers, some IT implementations can actually enable workers
to become more knowledgeable, effective, and empowered. These implementations create more
informative displays that enable workers to learn and improve their performance on the job. Zuboff

coined the term “informate” to describe this possibility:



Information technology not only produces action but also produces a voice that symbolically
renders events, objects, and processes so that they become visible, knowable, and shareable in
anew way. Viewed from this interior perspective, information technology is characterized by a
fundamental duality that has not yet been fully appreciated. On one hand, the technology can
be applied to a logic that hardly differs from that of the nineteenth-century machine
system—replace the human body with a technology that enables the same processes to be
performed with more continuity and control. On the other, the same technology simultaneously
generates information about the underlying productive and administrative processes through
which an organization accomplishes its work. It provides a deeper level of transparency to
activities that had been either partially or completely opaque. In this way, information
technology supercedes the traditional logic of automation. The word that I have coined to
describe this unique capacity is informate. (p. 9)

Our analysis has led us to believe that the concept of “informating” is appropriate to the
problem of assessment in inquiry-oriented science instruction because what teachers need most are
ways to increase the quality of the information they have about what students know and can do, not
just automation of what they do already to measure students’ progress. We see handhelds as
promising for this purpose because they can give students frequent, integral access to new
representational forms and communication options, which could enable students to better express
what they know and can do.

Project WHIRL progressed from the initial requirements analysis to a participatory design
process in which we worked with three teams of teachers to design or adapt handheld tools for
assessment. Currently, we are in the midst of a one-year evaluation of the three resulting tools with
a larger group of science teachers. Although the results are not yet in, we believe our requirements

analysis bears reporting because assessment is an exceptionally important area of functionality for



all handheld learning applications. The concept of assessments that “informate” has broad
applicability to the wide variety of areas in which researchers are applying wireless handhelds to
the problem of improving learning.

A key principle throughout our requirements analysis has been “reciprocal influence” we
sought to define a process in which ideals from research and practical wisdom from teaching come
into active interplay. Consequently, our paper begins with a presentation of the research and
teaching contexts that set the stage for handheld assessment. Following this review, we introduce
the contrast between handheld assessment tools that “informate” or automate. We illustrate the
distinction with a description of one tool that was refined for use in science classrooms by a
participatory design team.

Handheld assessments: Research context

Interest in classroom assessment derives in part from results of a wide range of research
studies that suggest the value of formative assessment, that is, assessment that yields knowledge
that teachers can use to adapt and improve instruction. When assessment practices enhance
feedback between teachers and students, involve students in self-assessment, and support students’
motivation for learning, they can lead to significant benefits for students and teachers (Black &
Wiliam, 1998). The benefits to students cited by researchers for improving classroom assessment
include increased self-regulation and correction of errors (Bangert-Drowns, Kulik, Kulik, &
Morgan, 1991; Butler & Winne, 1995), increased ability of students to self-assess the quality of
their own work (Rudd & Gunstone, 1993), increased equity in classrooms (Cole, Coffee, &
Goldman, 1999), a greater willingness on the part of students to review and revise their ideas
(Cognition and Technology Group at Vanderbilt, 1997), and better performance on summative,
external tests of achievement (Black & Wiliam, 1998; Crooks, 1988; Fuchs & Fuchs, 1986).

Researchers also cite potential benefits to teachers: as classroom assessment yields better and more



frequent data about student progress, teachers may be motivated to rethink their teaching practices
and expectations for student learning (National Research Council, 1999, 2001). In summarizing
their findings from a meta-analysis of 43 studies of classroom assessment’s effects on student
learning, Black and Wiliam (1998) concluded:

There is a firm body of evidence that formative assessment is an essential feature of classroom

work and that development of it can raise standards. We know of no other way of raising

standards for which such a strong prima facie case can be made on the basis of evidence of

such large learning gains. (p. 19)

At present, most teachers’ assessment practices are not likely to lead to such large learning
gains, because they do not have the characteristics of good formative assessment. Research studies
indicate that teachers’ assessments rarely match teachers’ more ambitious instructional goals. Even
when teachers engage in more student-centered instruction, they tend to use assessments that focus
on recall of facts (Fleming & Chambers, 1983; Stiggins & Conklin, 1992). In many cases, teachers
do not understand well how the methods they use align with the kinds of achievement they are
assessing; nor do teachers understand how to sample student performances to gauge learning
accurately or how to avoid bias (Stiggins & Conklin, 1992).

Research on assessment reforms shows both some promise and persistent challenges to
improving assessment. A number of these reforms have been successful in achieving short-term
improvements in the quality of teachers’ assessments and in student learning (Black & Harrison,
2001; Shepard, 1997). At the same time, reformers have discovered that teachers rarely have
adequate time to plan assessment activities in a principled manner or to learn new strategies for
assessment from peers and experts (Darling-Hammond, Ancess, & Falk, 1995). When teachers do
succeed in collecting more varied forms of data on student assessment, they often experience

“information overload” (Black & Wiliam, 1998; National Research Council, 2001). Some teachers



have experienced their involvement in assessment reform efforts as threatening the core of their
professional identities and as demanding fundamental rethinking of strategies for solving the day-
to-day dilemmas of teaching (Atkin & Black, 2003; Atkin, Sato, Coffey, Moorthy, & Thibeault,
2003).

Handheld assessment: Exploring the classroom context

Sources of data

We based our requirements analysis on detailed interviews and observations within a particular
U.S. school district. The Beaufort County, South Carolina, district was selected because of its prior
experience in implementing laptops and Palm computers and the broad diversity of students and
economic conditions present there.

Interviews took place in the spring of 2002. A structured interview protocol was designed to
elicit teachers’ perspectives on the core issues and concerns related to project-based science
instruction and assessment. It focused on both teachers’ background and their experiences in
conducting and assessing project-based science lessons. The protocol included detailed questions
about learning goals, project activities, and the degree to which students were allowed to direct
aspects of their own projects. It also asked about formal and informal ways teachers assessed
student knowledge before, during, and after projects. Each interview was conducted by two
researchers and took about an hour.

We sought to interview as many teachers as possible who taught science in grades 4 through 9.
Twenty-five teachers were identified by the district’s technology coordinator and by other
interviewees. The sample was diverse with respect to teaching assignment, gender, ethnicity,
socioeconomic status of students, and professional experience. It included 7 elementary school
teachers (3 classroom teachers and 4 science specialists), 10 middle school teachers, and 8 high

school teachers. Biased toward females, the sample included 6 men and 19 women. Biased toward



white teachers, the sample included 4 who were African-American and 21 who were white. One
participant was from the Gullah community, a distinctive African-American cultural group that has
lived in the Beaufort area for hundreds of years. The teachers were evenly distributed across three
geographic clusters of the county. Location can be considered a proxy for socioeconomic status of
students, since the southern part of the county is more affluent and the northern area is more
working class. Teachers also had a wide range of experience levels: just under half (12) of the
teachers we interviewed had been teaching 5 years or less, but nearly a quarter (5) had been
teaching for more than 20 years. Some teachers had emergency credentials, and others had full
certification. Some of the fully certified teachers also had master’s degrees. About a third (8) of the
teachers had some job-related experience working as scientists or assistants to scientists, while
science had not been a particular focus of preservice education or subsequent professional
development for the others.

Observers visited six of the participating teachers’ classrooms. Researchers trained in
ethnographic observation techniques visited individual classrooms three or four times in a single
week, noting in detail the organization of classroom activities, discourse, assessment strategies, and
participation structures.

Another major source of information was notes from seven teachers’ participation in a co-
design workshop in July 2002. The initial workshop could be considered a culminating part of the
requirements analysis process, since in this workshop we learned concretely what kinds of needs
for, approaches to, and benefits of the use of handhelds Beaufort teachers and community members
found compelling. Activities included teambuilding, brainstorming ideas for handheld software that
could support assessment in the science classroom, and creating charter documents that described

the classroom need each tool would address.



Our data analysis strategies were guided largely by our overall project goals and by the
timeline of our grant. Our project aimed to promote assessment of inquiry-oriented science
activities with handheld computers, and we needed to complete our data analysis quickly over the
course of 3 months (summer 2002) so that the analysis could inform the design process. We
combined sampling and analytic techniques typically employed in grounded theory (Strauss &
Corbin, 1990) to help us assess the distance between teachers’ current practice and our goals and
used rapid ethnographic analysis techniques (Millen, 2000) to make sense of the data quickly in
time to inform the design process.

Our sampling approach was theoretically-driven, in that our focus on teachers in grades 4-10
was expected to reveal developmental differences in teachers’ emphasis of particular inquiry skills
as outlined in the National Science Education Standards (National Research Council, 1996).
Students are expected to master new inquiry skills as they transition from elementary to middle
school and then again to high school; teachers’ reports of their practice were expected to reflect
students’ challenges at each of these transition points. To analyze teachers’ reports of their practice,
however, we did not rely on the standards documents but rather constructed a coding scheme for
teachers’ instructional and assessment strategies inductively, drawing on the language teachers
themselves used to characterize practice. Only after we analyzed the data in this way did we
examine the themes from the interviews in light of what is called for in the Standards. The results
of those analyses are presented in summary form in the next section of this paper.

We then presented these data to our fellow researchers and designers on the project in a
project-wide meeting, in order to develop some guidelines for design and establish a design process
to follow. We developed a set of potential scenarios (see Millen, 2000, for a description of this
analytic technique) as a group to guide us. When the design process began with teachers in late

summer 2002, we continued developing scenarios with teachers. On the basis of these scenarios
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worked out over the course of the summer months, we developed the set of design guidelines for
handheld assessments that are presented in this paper.
The classroom context in Beaufort

Teaching assignments. Teachers had varied types of teaching assignments. Some elementary
teachers saw students all day long in an “intact classroom” where science was one of multiple
subjects being taught. Most middle and high school teachers taught science as a single subject to
multiple classes of students each day; classes in these cases met two or three times per week, but
for various lengths of time (from 45 to 70 minutes per class). An especially challenging assignment
that some elementary teachers faced was being a “lab coordinator” for their school; these teachers
saw all K-5 students once per week in their lab classrooms, where their chief assignment was to
lead hands-on activities in support of science standards. One teacher who had such an assignment
illustrates the impact of teaching assignment on the ability to do extended projects and detailed
assessment. She noted:

Seeing them once a week, I can’t really require research and take 500 papers and grade them.

It just is not practical, and that’s not really what I’m supposed to be doing anyway. I’'m

supposed to be providing that hands-on time that the classroom teacher has difficulty getting

to.

Learning Goals. Among the teachers we interviewed, we found that teachers’ goals for
science instruction varied considerably across grade levels but were generally consistent with
expectations of national and local standards for students’ inquiry skills. Elementary school teachers
reported focusing on familiarizing students with the tools of inquiry (e.g., how to use a microscope)
and with different processes and systems underlying familiar phenomena (e.g., their own bodies,
animals and plants around them). Middle and high school teachers said they were concerned

primarily with helping students understand scientific concepts and principles. They sought to
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illustrate those concepts through hands-on activities and exercises in the classroom. Students at
these levels in Beaufort, teachers reported, engaged in more phases of inquiry independently or
within groups at higher levels, but some teachers had concerns about which members of these lab
groups were doing most of the work and learning.

Use of project-based science instruction. On the basis of our initial visits to Beaufort prior to
the project’s inception, we anticipated that many teachers would report that they frequently used
extended projects in science. The school district has a strong commitment to teaching science
through inquiry, and inquiry skills are an important part of the South Carolina standards. A few
schools in the district use interdisciplinary teaching team methods in which extended projects
feature strongly. In practice, however, we found that project-based instruction in science was
relatively infrequent.

From our initial analysis of interviews with teachers, we found that although nearly all the
teachers could describe projects that they conducted with students in science, few conformed to
researchers’ typical notions of project-based science. Few projects lasted more than two or three
class periods, and although nearly all the projects involved students’ creating some product or
artifact, most lacked a driving question (see Blumenfeld, Soloway, Marx, Guzdial, & Palincsar,
1991). Many teachers’ classroom schedules did not permit them to engage students in extended
projects; it is unclear from our research to date how much opportunity teachers have had to learn
about student-led inquiry.

At the same time, most of the teachers believed in the power of hands-on science learning
activities to clarify difficult science concepts, especially at the secondary level. Teachers reported
(and we observed) that hands-on activities were relatively frequent. However, teachers used more

traditional forms of assessment to assess those skills. Many of them did employ informal
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techniques of assessment to guide their judgments about what their students learned, but they had
few ways to use their observations to improve their instruction.

Assessment goals. Teachers’ goals for assessing student learning were multifaceted. In the
interviews, teachers made many mentions of using grades from students’ homework, tests, and
quizzes to analyze students’ factual knowledge or conceptual understanding. Several interviewees
cited the accurate use of scientific vocabulary as a dimension of student performance that they
thought they should assess. A number of teachers also sought to use classroom assessments to
measure students’ participation in terms of level of effort and engagement and the quality of
students’ collaboration or cooperation with their peers. Three teachers also cited a focus on having
students follow directions.

Teachers were also concerned with using assessment to find out whether students’ factual or
conceptual knowledge was somehow “connected,” and not simply isolated bits of knowledge. They
hoped that they could use assessments to find out whether students could make a connection
between their classroom science learning and world events. Teachers also used classroom
assessment as a vehicle to encourage students to think about connections between science concepts
and their own lives. Third, teachers hoped to use classroom assessment to foster the development
among students of a better conceptual map of the topic or domain being studied, by encouraging
students to make connections among concepts.

There were a few mentions of assessment goals that are consistent with researchers’
recommendations for high-quality classroom assessment. A number of teachers mentioned that a
focus of their assessment activities was on getting students themselves to reflect on what they were
learning. Also, a few teachers sought to use assessment as a source of feedback on their own

teaching, so that they might improve the quality of their instruction. Both of these goals map well
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onto Black and Wiliam’s (1998) recommendations that classroom assessments involve students
actively in monitoring their own learning and that assessments be used to inform instruction.

Assessment strategies. In the interviews, the most commonly cited strategies employed by
teachers were formal, such as tests and quizzes, and grading of student assignments using rubrics.
Teachers in the study did mention using informal strategies embedded within their instruction to
assess students, especially observation and questioning. Despite the fact that a number of teachers
mentioned self-reflection as a focus of assessment, only two teachers cited student self-assessment
as a technique they used in their classrooms. Two teachers said they opposed formally assessing
students, and two teachers said they opposed the use of any informal assessment techniques.

Technology fluency and use. Teachers varied in their level of experience with using
technology. Some had very limited background in using technology. One teacher, for example,
used the Internet periodically with her students, mostly to look up information or visit a Web site as
part of an extension activity to a lesson. Although she had owned a personal computer for some
time and used it to create worksheets for students and write to parents and faculty members, she
was dependent on her husband to help troubleshoot any problems she encountered. He was “the
computer person,” and he was her first resource for anything technological. When we first met this
teacher, she took few risks on her own with technology and was quick to attribute any difficulties
with technology to her own lack of skill or knowledge.

By contrast, because of the influence of the district’s prior experience with laptops and
handhelds, some teachers were comfortable using technology in the classroom. One teacher used
her computer throughout the day with her students, and she had experience using handhelds with
her students as well. She used the handheld computers in her classroom to support some more
formal forms of assessment. For her older students, she developed checklists on her own device

and then beamed them to students to check off the steps they had done in an activity or lab. She had
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students turn in their checklists, so she could assess whether or not students had completed the
assignment. These checklists also helped students keep track of their own progress, an important
component of the many hands-on activities that she facilitated.

Community Culture. We also found that community culture could have a strong impact on
teaching practices. From long talks with a key informant from the Gullah community, we came to
understand that the introduction of handheld assessment in Beaufort would be seen as a civil rights
issue by many Gullah parents. Gullah parents exert considerable influence over what kinds of new
teaching practices can succeed in Beaufort schools, and it would not be easy to gain their trust. This
informant emphasized that handhelds would have to be seen as empowering Gullah students to be
successful: to enable the students to become more expressive and capable and to suggest tangible
trajectories for them to higher-paying jobs in the future. It would be particularly beneficial if
students could use the handhelds to demonstrate to their parents how they were learning more.
From our observations of Gullah students in an after-school, community-based program, we
suspected they could rapidly become expressive users of computer technology in project-based
settings.

A unifying theme from the study: Teachers “in transition”

As we investigated various aspects of these teachers’ practices, we found that a number of
teachers appeared to be what we call “in transition” to inquiry-oriented science teaching. According
to the National Science Education Standards (National Research Council, 2000), some key
practices that are essential to inquiry-based science teaching include: (a) selecting content that
meets the interests and understanding of students, (b) challenging students to take responsibility for
their own learning, (c) encouraging and modeling the skills of scientific inquiry, and (d)
encouraging collaboration among students. Assessment practices encouraged for inquiry-based

science teaching include using multiple methods and systematically gathering data about student
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understanding and ability, using assessment data to guide teaching, and guiding students in self-
assessment. The teachers all supported the goal of promoting inquiry in the classroom, but most of
the teachers met some of the inquiry standards but not others. In most cases, although teachers used
frequent hands-on, collaborative projects, students often used science kits to conduct experiments,
rather than formulating their own questions and designing their own investigations. In addition,
teachers’ assessment practices tended to lag behind other inquiry pedagogy. Hence, we have come
to the conclusion that many teachers were “in transition” to inquiry-oriented science.

A middle school teacher we interviewed and observed provides an example of the transitional
instruction we found. Many of the activities in her classroom had elements of inquiry-oriented
science instruction. For most activities, this teacher’s students were organized into peer-led
cooperative groups. She gave group members responsibility for undertaking a series of tasks and
reporting back to her on their progress. She assigned different kinds of leadership roles for different
units; these roles typically were given names appropriate to the topic they were studying. For
example, for the unit she taught on rocks and minerals, one student in each group was the “head
geologist.” The teacher played a facilitative role with the groups, moving from group to group as
the students worked largely on their own. She also organized groups of cooperative activities into
“units” that often had a real-world connection or driving question. Her “Deltarian” unit, for
example, designed to cover both earth science and biology strands in the standards, involved
students in deciding whether Earth would be suitable for colonization by the alien “Deltarians.”

However, many aspects of her lessons were not well aligned with teaching standards for
inquiry. For example, although these units sometimes have a driving question, they were not
extended student-centered projects in the way that many researchers think of these (see Blumenfeld
et al., 1991). Furthermore, assignments were all laid out for students ahead of time, so students did

not have to decide how to allocate resources to complete the project.
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One elementary school teacher whose classes we visited provides another example of someone
whose practices were “in transition.” She discussed her Fast Plants activity, in which students learn
about the life cycle of plants. During this unit, she engaged her students in extended projects
involving the study of the conditions in which Wisconsin Fast Plants grow best. Through the course
of the project, the teacher noted:

Children are able to observe them quickly, go through the entire plant cycle. And they actually

do the pollination. We start with a seed; they go all the way to the flowers; we pollinate the

plants, cross-pollinate. They have the seedpods; we actually harvest those seeds, and I use

those seeds again the next year with another group. And so it involves a lot of observation, a

lot of collecting of data and those good techniques that are important for the elementary

students to learn to do.

She provided students with a context for helping them to understand the larger significance of
what they were doing in the project, too, in terms of the interconnections between animals and
plants on the Earth:

Today we were talking about the fact that not all the plants are growing at the same rate, that

they would understand that there’s change; and we’re also going to work on environmental

issues and the fact that we’re all part of one planet and that all the animals and plants interact.

Despite the hands-on emphasis and conceptual grounding this teacher provided, she did not
have a method for assessing the degree to which her students linked their understandings of the
concepts to the hands-on activities. In the Fast Plants project, for example, she required students to
observe and record observations and harvest the seeds. We would predict, on the basis of some of
the research findings reviewed earlier, that it is unlikely that her students would have been able to
make the link between the concept of life cycles she was hoping students would learn and the

activities they undertook as part of the Fast Plants project. They implemented these experiments
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but perhaps did not understand how the experiments related to deeper concepts. The teacher did not
have a way to collect evidence that could show whether her students made these connections.
Guidelines for handheld assessments that informate

On the basis of the requirements analysis discussed above, we formulated four key guidelines
for handheld assessments that could be effective and widely adoptable in Beaufort schools.
Guideline #1: Design for teachers “in transition.”

An overarching guideline was that handheld assessments should be designed for teachers “in
transition” to inquiry-oriented science teaching. Many researchers hold an ivory-tower image of
inquiry-oriented science teaching. In their idealized image, students engage in long-term projects,
with substantial opportunity to design and carry out their own investigations. Science concepts
arise within these investigations, and teachers coach and facilitate conceptual convergence.
Frankly, the practices of very few teachers fit this ivory-tower image, and thus tools designed
exclusively to support it are not likely to be very useful. We instead became more focused on
teachers’ trajectories toward adopting strategies from an inquiry-oriented approach, such as
encouraging students to come up with questions and predictions, to draw diagrams and models, and
to recognize more readily when their instruments are recording bad data. In this trajectory toward
inquiry-oriented teaching strategies, a central emerging issue was that teachers’ assessment
practices often lag in the transition to an inquiry orientation. Thus, a key design guideline we
settled on was that handheld assessments should help teachers initiate assessment practices that
were better aligned with the purpose of the aspects of inquiry-oriented instruction they had already
adopted.

In working with this guideline, we found that the word assessment was not particularly useful,
since it often conjures up images of quite traditional tests. We therefore used the question “How

can you capture more about what students know and can do?” to orient our design teams as we

18



focused them on how handheld assessments could improve the effectiveness of those aspects of
inquiry instruction that they were implementing in their classrooms.

Our requirements analysis pointed to four additional guidelines, each of which became
important in our subsequent participatory design process.

Guideline #2: Exploit the unique representational capabilities of handhelds compared with paper.

In other work, we have focused on the new representational capabilities that handheld
computers can bring to the classroom. In conjunction with the first guideline, above, this work led
us to realize that handhelds could broaden the range of assessment tasks in which students could
express what they know and can do. Thus, we sought actively to exploit the unique representational
capabilities of handhelds compared with paper, (e.g., to allow drawing with a stylus, to allow
communication and aggregation of student input, to provide interactive feedback) so as to create
new ways to capture what students know and can do. Because teachers’ existing assessment
practices were not supporting their instructional goals, we avoided implementing traditional
assessments using handheld technology.

Guideline #3: Handheld assessments should emphasize significant new roles for students.

Our conversations with our Gullah informant about the need to empower students, as well as
our observation that many Beaufort teachers were not very comfortable with using technology, led
us to another guideline involving significant new roles for students. Everything we had learned
suggested that students would more rapidly be able to do new things with handhelds than without
them, while teachers would resist converting their existing practices over to a technology-based
form. A competing vision, which we came to deemphasize, was that handhelds should bring
teachers into more frequent use of the district’s technological infrastructure. Our interviews
suggested that teachers were likely to resist this vision, and our research context suggested that it

would be unlikely to result in better alignment of assessments with inquiry-oriented instructional
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strategies. An emphasis on students, on the other hand, could be adoptable within Beaufort’s
cultural and teaching context and could lead to greater instructional effectiveness.

In the design conference, we implemented this guideline by encouraging teachers to focus
specifically on self-assessment and to resist linking assessment data with the local accountability
system. All students would have the opportunity to use the software designed, and teams were
encouraged to imagine how students would be able to reflect on their own learning through use of
the tools and how the tools might provide ways to promote better student engagement in the
learning process. In addition, despite district officials’ interest in doing so, we resisted the idea of
integrating classroom-based data with the district’s own assessment system, which is used for
accountability purposes. We felt that this integration would make it less likely that students would
be attracted to the handheld computers, because they would recognize them as just another form of
testing.

Guideline #4: Design simple, focused additions to teachers’ existing inquiry-oriented practice.

We found that the teachers we observed in transition to inquiry-oriented science teaching were
already burdened with many demands to manage their attention and the attention of their students
in the classroom. Handheld assessments could help only if they minimized the need to attend to
new management tasks and emphasized a focus of attention on central science concepts. To put it
simply, it is already too common that students are “lost” in science inquiry tasks; we could not risk
complex technology interfaces that might provide a new place to become lost. Further, teachers
could not afford to divert their attention from students and science concepts to managing

technology. Therefore, we decided it was a necessity to make simple, focused designs.
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Guideline #5: Design social activities in the classroom to help students and teachers use
representations to assess what they know and can do.

Handheld representations can provide students with new media and mechanisms for expressing
what they know; these representations can become useful as assessment data, however, only when
they inform further reflection and classroom discussion. We discovered early in the design process
that along with specific handheld functionalities, design teams also needed to develop social
activities in the classroom to support specific assessment functions in the classroom. These include
providing instructions to students at the beginning of activities that set guidelines for quality in
student work, rubrics to use in judging the quality of student representations, and formats for group
discussion of student work. Although such activities do not require the use of handheld computers
for teachers to orchestrate them, they are greatly aided by the kinds of representations handhelds
can produce. Furthermore, the artifacts produced on handhelds can be revised and revisited, a
critical element in supporting students learning from assessment activities (see National Research

Council, 1999).

On reflection, we have found that Zuboff’s contrast between “informating” and “automating”
IT implementations is a concise way to summarize the impact of these four guidelines. Automation
is clearly not called for by our requirements analysis because of the mismatch between what
teachers do now and those assessment practices that could improve the effectiveness of their
instruction. On the other hand, we could see these guidelines as pointing to the need for handheld
assessments to “informate” science inquiry instruction—that is, to provide new representational
means that enable students to better develop and demonstrate their competence, to help make
teachers more aware of what students know and can do, and to increase the focus throughout the

classroom on important science concepts and what it means to demonstrate understanding of them.
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Survey of existing handheld assessment products

Before designing new handheld assessment tools, as part of our requirements analysis we also
surveyed existing products to see if any might fit. We found mostly products that automate existing
assessment practices. We do not mean to diminish the benefits of these products for some
instructional goals (e.g., making teacher grading and recordkeeping more efficient), but our
analysis suggests that they are unlikely to help teachers make science investigations a more
effective activity for science learning.

There are a number of handheld technologies that focus on automation of assessment. Sunburst
Technology’s Learner Profile to Go is one example (http://www.sunburst.com). It automates the
transfer of information from paper-recorded observations of student behavior to teacher grade book
by using the handheld as a collection device. Scantron (http://www.scantron.com) and Kaplan
(http://www kaplan.com) have developed software for handhelds that allows students to complete
multiple-choice and short-answer tests, either as part of their preparation for standardized tests or as
part of formal classroom assessments. To create the tests, teachers can draw from the companies’
vast item banks to construct their tests for students, which are downloaded to a student handheld
computer. As students take their tests on the handhelds, the programs give students feedback about
the correctness of their answers and the percentage of answers they got right. Teachers can view
individual and aggregate results by using a program on their desktop computers. Wireless
Generation’s handheld assessment software simplifies the data capture and management process
for elementary-level teachers who maintain running records of students’ progress in reading
(http://www.wirelessgeneration.com). Its software allows teachers to capture evidence of students’
developing reading fluency, ability to correct decoding errors, and comprehension. New products
in mathematics assessment follow a similar model, providing the teacher with a handheld device to

facilitate the collection and management of classroom assessment data.
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Standards development processes (some sponsored by IEEE) have also focused on automating
traditional assessment. For example, the IMS Question and Test Interoperability (QTI)
specification provides a means to express traditional assessments in platform-independent XML
format (http://www.imsglobal.org/question/index.cfm). Likewise, the School Infrastructure
Framework (SIF) emphasizes information exchange among legacy student records but does not
offer any specific supports for improving science inquiry instruction (http://www.sifinfo.org/).
Student profile projects like SIF tend to capture information that is of more use to administrators
than to teachers who are attempting to improve instruction. In the long run, convergence will be
necessary between products that automate and products that informate; in the short run, however,
we believe teachers will realize little improvement in science instruction from starting with the
automating perspective. Some parents and teachers may be resistant to adopting handhelds to
enable districts to achieve automation, since they may see this more as consolidating central
bureaucratic power, rather than empowering students and improving instruction.

GoKnow’s Palm Archive and Application Manager (PAAM) is an example of a product that
fills a gap between automating and informating perspectives by managing teacher distribution of
documents to students and collection of work from them (http://goknow.com/Products).
Intrinsically, PAAM is a management tool that automates classroom processes; it is not a source of
new tasks that enable students to better express what they know and can do. But because PAAM
has an extensible architecture, it can enable management of the new kinds of informating
assessments in ways that other products cannot. Further, collection and reflection on student work
is critical to our vision, and PAAM makes those easier.

We were not able to find many handheld assessment tools that exemplify our informating
perspective. The best example we were able to find was Classtalk, a student response system

(Abrahamson, 2000). Classtalk informates classrooms by rapidly assembling a public
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representation of how the classroom group is thinking about scientific concepts. For example, in
the Peer Instruction pedagogy (Mazur, 1997), Classtalk is used to rapidly poll students on questions
that are calibrated to bring potential misconceptions to the surface. The poll results are instantly
available to the teacher and students in a representation that reveals patterns of difference among
students in the classroom. Teachers use this information to take the pulse of the group’s level of
understanding during class, to direct students to work collaboratively with peers to make sense of
particular conceptual difficulties, and to adapt the pace and content of their instruction. We did not,
however, adopt Classtalk in Beaufort for two reasons. First, it is better suited to improving lecture-
oriented science instruction than inquiry-oriented science instruction. Second, it requires a
classroom network, and the Palm computers we were using support only peer-to-peer beaming.

A handheld assessment that informates: The case of Sketchy

Project WHIRL set out to create designs to fit the guidelines and informating perspective,
albeit by reusing existing software whenever possible. We worked in close partnership with a
group of seven teachers to design or adapt software for handhelds to identify designs that were
important to their classrooms, supportive of learning goals, useful and usable in an “everyday” sort
of way, and feasible to create and support (Patton, 2002).

One team of teachers worked on adapting an existing piece of software, Sketchy, which had
been developed by researchers at the Center for Highly Interactive Computing in Education (hi-ce)
at the University of Michigan. Sketchy was selected in our initial workshop when we introduced it
to show teachers what handhelds could do. Several teachers immediately began to sketch animated
pictures of scientific processes, such as the cycle of rainfall or the growth of a plant. Other teachers
recognized the potential of handheld animations to enable them to better see what students know

about “sequencing” the steps in a scientific process; sequencing is important in South Carolina’s
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standards for science instruction, and teachers felt it was an area in which handheld assessments
could readily give them new, useful information about what their students know and can do.

Users of Sketchy can create, edit, and share color animations of scientific processes by
organizing a set of individual drawings (frames) they make directly on the handheld screen with a
stylus. Users can choose from a number of drawing tools, similar to a palette of a drawing or paint
program. The drawing tools include a color palette, a text writer, and various shapes and stamps.
Users can play animations backwards and forwards and at different speeds. They can beam an
individual frame or an entire animation to another handheld device with Sketchy. Sketchy makes
unique use of the handheld representational medium; drawing sketches is much easier with a stylus
than with a mouse, and the computer makes it easy to produce animations of processes that occur
over time—a big advantage over paper. There are software tools that we could have selected that
have similar functionalities; however, Sketchy was selected because teachers were drawn to it as a
starting point for the design process and our project goal was to follow teachers’ initial ideas for
improving assessment at the outset.

Although Sketchy was originally designed as a tool for instruction, our teachers adapted it for
assessment purposes. Using Sketchy as an assessment tool requires that its use be embedded in
activities that give students a new medium for reflecting on and expressing what they know. In
constructing animations, students are much more involved in the process of self-assessment. They
must decide what is important and what is peripheral to the process they are animating and use
their decisions to indicate what stays constant (by choosing a background) and what changes (by
choosing foregrounds). They need to decide on conventions for representing scale and units of
time, as well as the level at which to animate a process (microscopic, observable, etc.). See Figure

1 for an example of a student’s sketch.
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[ INSERT FIGURE 1 ABOUT HERE ]

Classroom discussions about student-created Sketchy animations are another important
occasion for assessment. Teachers can ask students to use a visualization to explain a process they
have studied in class; such an activity is an important preparation for scientific inquiry, since
visualization is a key aspect of the practice of science inquiry (Latour & Woolgar, 1986). As part of
these discussions, teachers can employ rubrics for assessing the adequacy of student animations
and the quality of their explanations.

Participating teachers have found Sketchy easy to use. They have also found it fit well with
their goals for instruction and assessment. Teachers from all the design teams found it to be the
most suitable piece of software to use to introduce students to handhelds; they reported that their
students, in turn, really enjoyed using Sketchy in class. It required little setup time, and the most
guidance teachers found they needed to provide for using the software was a large picture of the
buttons on the handheld computer displayed at the front of the class and a short description of the
tools in the palette. One teacher who was part of the Sketchy design team has found having
students create and label animations valuable in helping distinguish more quickly among students’
degrees of understanding of the difference between a producer and a consumer in a food web.
“Because I had them label pictures, I didn’t have to worry. Kids did have to explain, ‘You're telling
me the snake is going to eat the eagle,” because kids were drawing arrows in the wrong direction.”
Another teacher has found it a useful tool for her to help her school enact its “arts-infused” focus;
she used it early in the project to give her students more practice in learning the difference between
potential and kinetic energy by having her students draw different animations to illustrate their
understanding of the concept. A third teacher reported benefits to using Sketchy to teach her

students about the phases of the moon. She observed that her students looked at their textbook’s
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diagram of the phases in a new way—to understand it—in order to create their animations. Her
observation is supported by her students’ test results; she noted that her students who used Sketchy
to animate the moon’s phases performed much better on the end-of-chapter test than students in
years past.

For these teachers, Sketchy helped to broaden the repertoire of assessment strategies they were
using. Creating animations involved students in more direct, active encounters with subject matter
than textbook diagrams or descriptions. They succeeded in engaging students in commonly
assigned tasks—such as reading the textbook—in new ways that resulted in better retention of
knowledge. And they expanded the range of means of self-expression for the students involved.
Students who had before been judged “low-performing” on the basis of traditional assessments
found new ways to engage in learning and demonstrate their competence to their teachers, who in

turn recognized what they knew and could do.

Conclusions

Improving assessment is an important opportunity for the application of handhelds to
education. In this paper, we have focused on analyzing the requirements for realizing this
opportunity with respect to inquiry-oriented science instruction, using data from a fairly normal,
diverse school district. These requirements have led us to emphasize a need for handheld-based
tools that “informate” science instruction by

* Being oriented to the needs of teachers in transition to inquiry-oriented pedagogy;

* emphasizing expansion of the range of assessment tasks through a new representational

medium and communication infrastructure;
* creating new roles for students in expressing what they know and can do; and

* focusing both students’ and teachers’ attention on scientific concepts.
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An evaluation of Sketchy and two other tools designed within an informating perspective is
currently under way. In future work, we would encourage the community of designers and
researchers in this area to attend to a balance of informating and automating perspectives as they
work to add assessments to their designs and advance the effectiveness of handhelds in improving
learning.
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Figure 1. A student’s Sketchy animation of the food cycle near a pond.
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