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I. INTRODUCTION AND BACKGROUND INFORMATION

The Gulf of Maine Research Institute (GMRI) contracted with the Program Evaluation
and Research Group at Lesley University to conduct a formative evaluation of their first
prototype activity station, “What Does the X-Fish Eat?” This station, along with several
other platforms and interactive exhibits, will eventually be housed in the GMRI’s new
research laboratory’s exhibit hall called Public Interface.

The purpose of this space is to “create a compelling and enriching sensory experience that
illuminates cutting-edge marine research while immersing visitors in the unique character
of the Gulf of Maine” (Gulf of Maine Research Institute website).

The GMRI staff collaborated with members of Imageworks, a Portland business that
designs and develops learning programs for science education environments, to create their
first prototype station. The station was designed as a digital platform to engage visitors in
inquiry-based activities that explore regional marine research topics. The prototype had a
table-like work space that contained operating buttons and small flat screens for capturing
visual data, a large vertical screen attached to the back of the table, and two
attachments—a video camera and a microscope. There were also several “loose parts” on
the platform—a fish specimen and the following research tools for their investigation:
disposable gloves; a clear, open container of stomach contents for examination under the
microscope; a ruler; and a set of cards that identified potential food sources.

During the prototype activity station trials, the station was located in a small, separate
room. Small groups of 3–4 middle school students worked together at the station to
examine the “X-Fish” specimen, watch videos of the fish swimming, hypothesize what
the fish eats, create a video of their group explaining their hypothesis, and conduct a
stomach content analysis to determine what the fish eats. They collected data (magnified
photographs of the stomach contents), compared their images with the information cards,
and consulted one another about their findings. They then completed the station activity
by creating a second video where they explained what they thought the X-fish ate and
why.
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II. EVALUATION DESIGN

The Program Evaluation and Research Group developed the formative evaluation plan
working closely with GMRI and Imageworks. The evaluation included a pre-visit survey
of participating students, observations of the students operating the station, follow-up
interviews with the student groups directly after their experience with the station, and
telephone interviews with the students’ teachers shortly after the trials.

THE PARTICIPANTS
Students from two different schools in Maine participated in the evaluation. One school
was located near Portland, while the second was in an inland, rural community. The
teachers described their students as “typical” of the classes in their schools with the
students exhibiting a broad range of abilities. Some of the students participated in gifted
and talented programs, while others received services to support their learning. Thirty-six
(36) students participated in the prototype trials; 17 were boys and 19 were girls. Most
students were Caucasian, 1 was Asian, and 1 was African American.

THE PRE-VISIT SURVEY
Students planning to participate in the prototype station trials were asked to complete a
pre-visit survey one month prior to their visit to GMRI. The purpose of the survey was
to gather baseline information about students’ knowledge of ocean science content and of
classroom science course content and explorations, and to gauge their interest in becoming
scientists.

THE PROTOTYPE STATION TRIALS
The prototype station trials occurred over two days in February 2004. Students came by
bus, with their teachers, to the video studio in Portland where the trial was to be held. In a
large workshop-like space, GMRI staff and scientists set up several activity stations
relating to ocean science research, and small groups of students (3–5) rotated through the
stations during their visit. The prototype activity station was one of the stations, but was
located in a smaller, separate room.

Prior to arriving at the trial site, evaluators requested that teachers organize their students
into small groups that were relatively homogeneous. Teachers were specifically asked not
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to compose the groups with a designated high achiever or student leader in each team in
order to support students they believed might experience more difficulty with the
activity. In addition, evaluators requested that one of the groups be comprised of students
that had demonstrated processing, comprehension, or time management difficulties, while
another team be a group of the highest achievers. Evaluators’ rationale for the groups to
be composed in this way was to learn whether the activity station would be both
sufficiently challenging and, at the same time, accessible to most if not all students in a
“typical” grade 5–6 classroom. Evaluators also wanted to observe how student groups
managed to work as a team and collaborate on the decision-making required by their
involvement with the activity station.

Other key questions guiding the observation were:

• Did students understand the directions and were they able to follow them?

• Did they have sufficient time to carry out all the tasks?

• Did students operate the technological aspects of the station successfully?

OBSERVATIONS
Evaluators observed 9 groups of students from the two different classrooms—5 sixth-
grade and 4 fifth-grade groups. Most participating groups had 4 students. One had 5; one
had 3. In all, a total of 36 students participated in the trials. The group had an almost even
number of girls and boys.

There were 8–10 observers present in the same room where students were using the
prototype activity station. Each of the participating student groups was also videotaped
and timed as they worked through the investigation. And their work products—team
photo, team hypothesis and conclusion videos, and photos the team recorded of the
stomach contents—were recorded and shared with the evaluators. Observers included
GMRI and Imageworks staff members; classroom teachers and, at times, a principal or
vice principal from the school; and an evaluator from the Program Evaluation and
Research Group.

INTERVIEWS
Six (6) student groups were interviewed; 3 groups from each community.

Both classroom teachers were interviewed by telephone within a week of their classes’
participation in testing the prototype activity station.
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TEAM DEBRIEFINGS
At the end of each day of the trials, GMRI, Imageworks, and PERG staff discussed their
observations of the student groups, the interviews conducted with students following
their use of the activity station, and observers’ informal conversations with participating
teachers.

THE REPORT
In addition to the introduction and description of the evaluation plan, the report discusses
findings in four separate parts:

• Part One discusses the results of the students’ pre-visit surveys.

• Part Two describes and analyzes the two days of prototype trial observations and
interviews, with a focus on the effectiveness of the station activities for student
groups.

• Part Three explores what the students learned from their experience with the
station, and what recommendations they offered to the designers. This section
relies primarily on student interviews.

• Part Four summarizes the teachers’ reflections and recommendations.

In the final section of the report, the activity station’s strengths and challenges are
summarized and evaluators offer several recommendations.
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III. FINDINGS

PART ONE: RESULTS OF THE STUDENTS’ PRE-VISIT SURVEYS
WHAT PRIOR KNOWLEDGE DID STUDENTS BRING TO THE STATION
INVESTIGATION?

One month before the prototype testing session, we asked the two participating teachers
to have their students fill out a pre-visit survey.1 The purpose of this front-end
evaluation survey was to gather baseline information about students’ relevant ocean
science content knowledge, their previous experiences with science investigations in their
classrooms as well as their explorations in their communities, and to gauge their interest in
pursuing a career in science.

In addition to contributing to our knowledge about these particular students, the survey
was also designed to help ascertain whether students within these targeted age groups
(early middle school, grades 5 and 6) understand some of the scientific language and
process skills necessary to successfully engage in the station activity.

All 21 students from Auburn’s 6th grade class and the16 participating students from the
South Portland 5th grade class completed the surveys, a total of 37 responses (100%). On
most sections of the survey, there was little variation in students’ responses from the two
different classes; therefore, the summary statements below can be attributed to students
from both classes unless otherwise noted. It is important to remember, however, that
students’ proximity to the ocean and access to coastal environments varied between the
two schools. At times, their geographic location did influence their knowledge of the
ocean and/or their environmental experiences.

STUDENTS’ PRIOR KNOWLEDGE AND EXPERIENCE

Scientists’ Work

• Students demonstrated that they have a general understanding of what scientists
do. They described scientists as making hypotheses, experimenting, and doing
research.

                                                

1 See appendices for survey instruments.
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• Most students said that marine science is studying the ocean, the sea, and sea life.
2 Many focused on sea creatures and fish.

• When students were asked to describe what marine biologists, oceanographers,
and fisheries scientists do, they gave general responses, often using words within
the question to answer. For example, many said that a marine biologist studies
marine life and the ocean, and a fisheries scientist studies fish.

• All but one student believed that fishermen and scientists work together. They
had a general understanding that scientists study things and thought the fishermen
could help with this process. Students thought that fishermen and scientists
shared a common interest in fish, the ocean, and “water.”

Students’ Understanding of and Experience with the Scientific Process

• When students were asked to define specific terms describing parts of the
scientific process—research, hypothesis, conclusion—students in both classes
exhibited a clear understanding of these terms. Students had a firm grasp of what a
hypothesis was; many called it an “educated guess.” Students could also clearly
define research and conclusion.

• These students’ knowledge about scientific research was more than academic.
Most reported that they had conducted scientific experiments in their classrooms
during the school year. However, among these two sample classrooms, students in
the 5th grade class had the opportunity to conduct investigations more frequently.3

Students’ Knowledge of Ocean and Aquatic Environments

• Nineteen (19) students, just over half of those filling out the surveys, identified
fish, whales, seaweed, crabs, and lobster as important to themselves and to others
in the state as sources of food. Nine (9) students understood further that these
mammals, shellfish, and plant life are part of the broader food chain.

Fish, I like to eat fish . . . Crabs and lobsters are good to eat . . . Seaweed is put
in some toothpaste, and I like to have clean teeth. Whales are a part of the
food chain; without whales, that would affect the food chain.

• In addition, twelve (12) students, mostly members of the 6th grade class,
recognized the economic value of shellfish and seaweed, stating that these marine
animals and plants provide people with jobs.

• More than three-quarters of the students from both classes (29 out of 37) had
heard of the Gulf of Maine. However, most could not accurately or fully describe

                                                

2 Most 6th graders specifically wrote on their surveys that their class had not done a unit on ocean science yet.
This appears to be the result of teacher intervention.

3 The South Portland school adopted a kit-based science curriculum that includes 6-week units that engage
students in weekly investigations.
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its location. Twenty-six (26) students thought that it was located on the shore or
coast of Maine, in the Gulf of Maine, or in Portland Harbor.

• Students had a clear understanding of concepts that would prove important to the
prototype activity: marine, plankton, predator, and prey.

• Students had obviously studied the relationship between predator and prey.

• In both classes, while the majority of students referred to plankton by using
descriptive words relating to size and scale, their vocabulary varied by age
group. In the 6th grade, fourteen (14) students used the word “microscopic”
while only 3 used that word in the 5th grade class. Instead, the 5th grade
students used words such as tiny, small, and little to describe plankton.

• Seven (7) students (from both classes) said that plankton was a food source
for other sea life.

Students’ Experience with the Natural World

• Approximately three-fourths (~75%) of the students from both schools reported
that they like to explore the environment when they are outdoors. They enjoy
walking in the woods, swimming, exploring the ocean, and playing with rocks. As
might be expected developmentally, a larger percentage of the 5th grade students
(89%) as compared to the 6th graders (60%) reported doing so.

• While more students from both classes reported that they have fished in lakes
than in the ocean, approximately 70% of the 6th graders from Auburn have not
fished in the ocean as compared to only 30% of the 5th grade students from South
Portland.

• A majority of the students (84%) have visited tide pools.

Students’ Experience with Computers

• Eighty-nine percent (89%) of the students already use computers quite regularly.
They reported that they use them both at home and at school to play games, find
information, and/or search the Web.

STUDENTS’ INTERESTS

Students’ Interests in Learning More About Aquatic Environments

• Seventy-five percent (75%) of the students are interested in learning more about
things that live in the ocean and lakes.

• Eighty-six percent (86%) are interested in learning how scientists study the ocean
and things that live there.

• The same proportion of the students (86%) are interested in trying out for
themselves what ocean scientists do.
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• Ninety-five percent (95%) are interested in exploring places in the deep sea and
ocean.

• Yet, only 1/3 (33%) of the students said they were interested in learning how
fishermen find and catch fish.

Students’ Career Interests

• Eighteen (18) students have considered becoming scientists—approximately 1/3 of
the 6th graders and 2/3 of the 5th graders.

• The other 19 students said they had not considered becoming a scientist. One said
being a scientist was “too complicated,” while some others explained it was not
interesting to them as a career. The rest mentioned alternative plans for their
careers.

• Interestingly, all but one student in both classes said they are not considering
becoming a fisherman. They gave many reasons, but the most common were that
they did not want to kill the fish, they don’t like fishing, it’s boring, fish smell,
and it’s dangerous. Some recognized both the difficulty of the job and its low pay.

SUMMARY OF THE PRE-VISIT STUDENT SURVEY RESULTS

The key findings from the surveys are:

• Both groups of students had a working knowledge of how scientists conduct their
research and had relatively frequent opportunities to investigate science
phenomena at school.

• Most students had some knowledge about important ocean science concepts and
came to the prototype testing experience well prepared to participate in the
station activity.

• Most expressed an interest in continuing to learn more about the ocean sciences.

However, it is not clear whether these student groups are representative of other Maine
5th and 6th grade students. One school had adopted a nationally-recognized, research-based
curriculum, so students in that school had a consistent, inquiry-driven program for grades
K–6. In the second school, while some teachers were enthusiastic about science,
specifically ocean and environmental sciences, the participating teacher noted that no
district or school-based common curriculum was currently in use there. Both teachers
noted, however, that the state is requiring districts to develop grade-level student learning
benchmarks for science in the coming year.

As reported in the following sections of the report, students clearly drew upon their
considerable experience and knowledge base as they tested the Public Interface
workstation prototype and worked together to resolve the X-fish mystery.
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PART TWO: DESCRIPTION AND ANALYSIS OF THE
PROTOTYPE TRIALS
HOW EFFECTIVE WAS THE STATION ACTIVITY?

In this part of the report, we describe each of the separate components of the prototype
station activity, “What Does the X-Fish Eat?” We begin with the narrator’s directions
and text information followed by a discussion of the students’ responses to each step in
the investigation. Our analysis is based on observations of the nine participating student
groups and a review of the video that captured their experiences testing the station; in
addition, we integrate information from the follow-up interviews with the students, as
appropriate. Within some sections, we have included evaluators’ comments and
recommendations, as well.

The students’ work was analyzed with the following evaluation questions in mind.

Were students able to:

• Understand the directions and were they able to follow them;

• Carry out the expected tasks, including:

• Creating a reasonable hypothesis

• Making effective use of investigative tools and available information

• Examining and weighing the evidence

• Discussing their findings, based on the evidence at hand

• Forming a conclusion and explaining their reasoning

• Work effectively together as a team; and

• Operate the technological aspects of the station successfully?

THE LOGISTICS FOR TESTING THE PROTOTYPE

Each student team was accompanied by a GMRI or Imageworks staff person into the
room that held the station prototype according to a predetermined schedule. The station
platform was located in one corner of the room. Students gathered around the station
platform but were given no other orientation or instructions as to how to start.

Understanding the Directions and Carrying Out the Start-Up Tasks

• Most teams quickly figured out how to activate the station; yet, during the
interview sessions, a few groups said they were uncertain how to begin.
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Students’ Interview Comments
When we first went in there, I was not sure what we were supposed to do.
Then it popped up on the screen.

When we started, I was not sure if we were supposed to press a button.

It was confusing at the beginning, but it got easier.

These students’ early uncertainty did not last. Many of the teams reported later,
during the post-trial interviews, that they were impressed by the design and
functioning of the station.

I liked the instructions and the things to work with. It was easy to understand
and fun, too. It was kid-friendly.

It looks professional with the computer screen rather than a poster board like
they have at science fairs.

It wasn’t all on the computer screen; there was interactive stuff on the table.

Several students specifically said that they liked operating the station independently,
without adult intervention. They noted that they relied on one another to figure things
out.

As a team, it was fun to figure it out. We all got to experiment with things on
the screen and talk it through as a group.

We all helped; we did different parts where others didn’t understand
something.

It was fun to have lots of choices, to have a job to figure out what X-fish eat.

I thought it was challenging—so I liked it. I like challenges. It’s good to have
a challenge once in a while.

It’s fun to do stuff on your own. It makes you more independent. There was
no adult to help you. Sometimes teachers give you all the information.

Observers from GMRI and Imageworks sat or stood in a semi-circle behind the students
throughout the team trial sessions. One Imageworks staff member stood facing the
students, just to one side of the station’s large screen, and video recorded them as they
conducted their station investigation. Another Imageworks observer, along with a PERG
evaluator, stood nearby the students to observe and record their activities and
conversations. The participating teacher was also present. For each team trial, there were
8–9 adults in the room, observing the students’ work.

Students’ Affect

• Observers noted that students expressed concern about finding the “right” answer.
Several student teams spoke very quietly during the early station activities.
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Students’ Interview Comments
Most student teams commented on the presence of the observers during the follow-up
interviews:

It was creepy that adults were all watching you.

We don’t like audiences and everyone was watching us. There were a lot [of
adults], hundreds watching us.

It was nerve-wracking when the adults were all there and your teacher. What
if I don’t say the right thing? So, I was nervous.

STATION INTRODUCTION AND TEAM PHOTO

Narration and Text:

What does the X-fish eat?

Your first LabVenture research project will begin in 5 seconds. (Countdown is heard.)

Let’s take a team photo. Is everyone in the picture? 3-2-1, smile!

Let’s take another one. Ready? 3-2-1, smile!
Now touch the photo you like best on the lower screen. Got it!
This picture will be your team picture from now on.

Understanding the Directions

• As the station activity began, students in a few of the groups read the directions
on the screen aloud along with the narrator.

Evaluators’ Comment
This response may be an indication that some students need to or prefer to process
information visually and/or orally, rather than just by listening alone. The station
narration, combined with the information provided on screen, is a good design feature. It
makes the information more accessible to a range of students because it uses more than
one modality.

However, in a few segments of the station activity, students reported that they found
that the narration was too lengthy. In these sections, students said they had trouble either
remembering all the directions or felt the narrative reminders interfered with their work.
The places where the narration worked less effectively for students are identified later in
this report.
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Carrying out the Task

Getting Everyone into the Picture

• In most groups, students made every attempt to have their photo include
everyone. However, group size was an important consideration.

• In the 4-student groups, it was sometimes more difficult to fit everyone into
the photograph, especially for the 6th grade teams. The 6th graders are a bit
larger than their 5th grade counterparts. And, most of the 6th grade groups we
observed did not seem to like to get “too” close to one another, not a surprise
given their developmental stage. Some groups had to form two rows to all fit
into the photo comfortably. Some students were too tall given the camera
angle. They had to bend down to be in the photo.

• Five in a group were too many, not only for capturing the team photo but also
for subsequent station activities, most notably recording team videos, evidence
weighing, and collaborative decision-making.

Evaluators’ Comment
We believe three students would be the ideal number for the activity station, as
currently designed.

Students’ Interview Comments
Most of the student interview data also supports this recommendation.

It would better for three people. There was not enough room in the picture.

[Student] had to fight for a spot.

Three would be better. We were all squashed together.

Group Process

Selecting a Team Photo

• In most of the groups we observed, there was little discussion about the selection
of the photo; more often the decision seemed to be made by a tacit agreement.

• In only one group, a student chose the photo he preferred over two classmates’
objections.

Evaluators’ Comment
Aligning themselves for the photo and the team selection process was a good preparation
for students for the station activities that followed. Students experienced how the camera
worked, how to make sure the camera could capture and record each student in the group,
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and how to use the touch screen. It encouraged early team decision-making by asking
them to select their preferred photo.

Students’ Interview Comments
Several groups of students mentioned the team photo as something they liked about the
activity station. One group of students requested more time to choose the team photo.

I liked taking two photos and selecting what was best.

I liked how we took a team photo at the beginning so we could see ourselves.

It was fun when we took the team photo, but we needed more time to choose
which one.

Students’ Affect

• Students seemed extremely attentive as the program activity began.

• Most students seemed pleased and amused by the inclusion of the team photo.
When interviewed, one group of students wanted a copy of their team photo, and
suggested that there be some way for them to print it out at the station.

• In one group, students mugged for photos, were very animated and giggly.

INTRODUCTION CONTINUES: THE TIME SCALE AND “THIS IS THE X-FISH”
VIDEO

Narration and Text:

At each LabVenture Station, your team will do scientific research about the X-fish.

[The narrator explains that some of their tasks will be timed and, by looking at the
time scale on the side of the screen, they can see how much time they have left to finish
the task.]

Let’s get started on our research!

This is the X-fish. Almost everything hunts this fish. It is one of the most important fish
because it is food for everything from bigger fish and seabirds to killer whales and
even humans. But what does the X-fish eat? Your mission is to find out what this
mystery fish eats.

Station Tools and Technology

Time Scale

• The time indicator located on the side of the screen proved to be an important tool
for the student teams. Throughout the station activities, one or more students in
most of the groups used the time scale to gauge whether they could complete the
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task in the allotted time. Occasionally, students would warn the group that time
was running out.

Video Introduction to the X-Fish

• For some groups, this video was referenced as additional evidence they considered
when determining what the X-fish eat. It was helpful to the students to see live
fish swimming in their water habitat.

Students’ Affect

• Students were attentive throughout the introduction. They listened to the narrator,
looked over at the time scale indicator, and closely watched the introductory video
of the X-fish swimming.

HYPOTHESIS

Narration and Text:

[Narrator explains that students will make a hypothesis and then test it out. He notes
that they will have a real X-fish specimen to help them make their hypothesis. Narrator
instructs students to look at the X-fish, “don” their gloves and pick the fish up,
examine it and make observations about its shape and size, eyes and mouth.]

The narrator continues further, but we have divided this task into two parts: first, the
students’ examination of the fish, and second, how they used what they observed about
the fish specimen along with the four food options to form their hypotheses.

Step 1: Examining the X-Fish

During the prototype testing days, GMRI and Imageworks staff explored several
different ways for presenting the fish specimen, stomach contents, and other tools and
evidence students would use to reach their conclusion about what the X-fish ate.

Day 1: Activity Station Set-Up

During the first group’s use of the activity station on the first day of testing, a cardboard
box containing the fish, lid on, and the box of gloves were provided to students just when
the narrator directed them to put on the gloves and examine the fish. Similarly, GMRI
staff provided stomach contents and other props as they were needed by the group to
complete the microscope activity. In subsequent group sessions during the first day, all of
the props (fish in box with lid on, glove box, identification cards, ruler, dish with stomach
contents, etc.) were at the activity station as students entered the room. Finally, during
the fourth session on the first day, a note saying “fish is inside box” was placed on top of
the lid of the fish box, and it was located at the station from the start of the activity.
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Understanding the Directions and Carrying out the Task, Day 1

• Three of the five groups of students never realized the fish was in the box until a
staff member opened the fish box lid part way into the activity.

• Two of the groups never conducted a close examination of the fish.

• Some students struggled to get the gloves out of the box.

Students’ Interview Comments
The student teams that did not find the fish in the box quickly were disappointed that
they did not have time to examine it. Some said the directions were confusing.

I didn’t know we were supposed to pick up the fish until it told us it was time
to put the fish back and throw the gloves away. We saw the picture [of kids
putting on gloves and handling fish] but we were confused.

We didn’t notice it there until Susan opened the lid.

It would be cool to hold [the fish], but we didn’t notice it was there.

We would have got more information if we looked at the fish. We might have
had more ideas [for making a hypothesis].

Day 2: Activity Station Set-Up

On the second day, staff replaced the cardboard box for the fish with a see-through plastic
container. As the first group on the second day entered the room, the fish, stomach
contents, four pairs of gloves, and other tools and instruments were already located at the
activity station. The fish box remained closed with the lid on. Subsequently, for groups
2–4, the lid of the fish container was removed before students entered the room.

Understanding the Directions and Carrying out the Task, Day 2

• Once again, the first group of students did not realize that the fish was in the box
until a staff member lifted the lid. This group did not pick up the fish nor spend
time closely examining it.

• The remaining three groups on this day had the fish in clear sight from the start of
the activity. Each of the groups put on the gloves and examined the fish as the
narrator instructed.

Students’ Interview Comments
When interviewed, almost all students liked examining the specimen to help them form
their hypotheses.

It was cool how we could handle the fish and make predications about what it
ate.
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I kind of liked it all because we had to touch it, and find the mystery and find
what it eats.

It was fun to see what the fish feels like and what kind of things that they eat.

If you couldn’t touch it, it wouldn’t have helped that much because we
wouldn’t have seen the teeth and it did look like it could be fatter than it was.

Recommendations

• Help students focus on and value the role of observation in conducting a scientific
investigation and forming a hypothesis.

• For these groups of students the fish did need to be available and “in sight” at
the station.

• However, one unknown was the influence of the observers present during the
testing days. Were the students more careful about their behavior, or less
willing to explore the box and its contents because they were being so closely
watched? Would a school group operating more independently be more likely
to open the box on their own if no adults were close at hand? There is no clear
answer at this time, although from interviewing students, it is clear that several
groups missed the narrator’s comments about the fish, and his multi-stepped
instructions to put on the gloves and examine it.

• Can the narrator identify where the fish is located, i.e. in the box at their
station?

• Provide more observation time during this segment so all students feel they
can each examine important features of the fish. As students noted during the
follow-up interviews:

They let you touch the fish, but there should be more time for holding the
fish so we all get a chance.

• Allow students to conduct an observation of the fish before they are asked to
form a hypothesis.

• Scientists usually have some experience with the phenomena they are studying
prior to forming a hypothesis.

• Can you have students observe the fish first, allowing them more time for the
teams’ exploration, before introducing the idea of forming a team hypothesis?
We think this may lead to more careful observations and more discussion
among team members. It will also reduce the need for some of the multi-step
directions in this part of the station’s narration.

• After allowing time for examining the fish, the narrator could return, introduce
the idea of forming a hypothesis, ask the group to consider what they had
observed, and, at that time, provide the food choices for students to consider.
As we observed the students during this part of the program, they seemed too
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focused on finding the right answer to the question posed, rather than
conducting an inquiry.

Step 2: Forming a Team Hypothesis
Considering the Four Potential Food Choices

Narration and Text:

As noted above, the narrator does not pause after he has said to put on gloves and
examine the fish. Instead, he continues, mentioning the potential food choices for
students to consider as they examine the fish. Four options pop up on the screen:
plankton, seaweed, bottom critters, and other fish. The narrator tells students they
have two minutes to examine the fish and form a team hypothesis. They are instructed
to be ready to share their ideas.

Understanding the Directions and Carrying out the Task

• On both trial days, most of the student groups, when offered the four food
choices on the screen, had relatively brief conversations with one another to
determine which of the four options made the most sense to them.

• Most of the students who had handled the fish focused on its size, shape, and
mouth features to help them choose which food choice they thought the X-fish
eat.

• While some groups examined the mouth, only one or two discovered it had teeth.

Students’ Conversations During the Station Activity
It doesn’t look like bottom critter eater or fish eater or seaweed eater.
Plankton seems reasonable, but I think we should examine the fish.

It looks too small to eat other fish.
It is very small; it doesn’t look like it can eat anything.
It could eat tiny fish.
I still think it’s too small to eat the bottom critters.
It’s too big to eat plankton.

Plankton, because it goes fast to eat and runs away from big fish.

How big is the mouth?
Someone open its mouth and see its teeth.
Can’t open that much.
Does it have any teeth?
Oh, my god, he has teeth.
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The shape of its mouth, it wouldn’t be able to get seaweed in there.
It’s an herbivore. The mouth points up so it’s a top feeder. I know that from
my aquarium fish.

• In two groups, one of the students expressed concern that the team would run out
of time before making a decision.

• More than half of the groups tried to press the photo on the screen that
represented their selection before the full amount of time for this task had elapsed.
They seemed to expect some kind of a response if they had selected the “right”
answer.

• While a few groups figured out that they had to wait until the full two minutes
allotted for the activity was up before they provided their hypothesis, some
groups abandoned their preliminary hypotheses and pressed on other photos,
believing they had selected the “wrong” answer. These groups did not appear to
think through any of the evidence from their observations of the fish that would
lead them to believe an alternative solution might be the “correct” answer.

• For the groups that reacted in this way, the activity at this point seemed more like
a multiple choice activity than an inquiry-oriented one.

Students’ Interview Comments
• Time

Some students wanted more time to agree on their hypothesis.

I wish we took time with making . . . our hypothesis. We were rushed a little
bit because the time went faster.

• Selecting a Food Choice on the Touch Screen
Several groups of students mentioned that they did not realize that they could not
make a selection of one of the food choices before the allotted time for this
segment of the station activity.

I liked how you could touch [the screen], but the part I didn’t like is
sometimes when you touched it, it didn’t do anything.

First off, when they told you to press the button after you were done
[selecting from the four choices about what the X-fish eat] and you’ve
decided, I thought we were supposed to press on the button when making a
choice. I didn’t know you were supposed to press the picture after the time
has run out.

You should know that you can make your pick when time ran out.

Recommendations

• Reconsider how or when students are provided with the possible food choices.

• How can the narrator encourage students to see these four choices as
information to consider, given what they observed about the fish, so students
do not treat this task as a multiple choice decision?
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• Perhaps the students do not need the choices at all at this point in time and
that the introduction of the identification cards later on is sufficient for
supporting student learning about what the X-fish eat. The question to
consider is whether supplying the options at this early stage interferes with
the inquiry process and reduces students’ interest in further investigation, or
directs what they will focus on as they consider additional evidence to
support their conclusions.

HYPOTHESIS VIDEO

Narration and Text:

[The narrator returns.] Now it’s time to share your ideas. What is your
hypothesis—and why? You’ll have up to 30 seconds for your hypothesis movie. Is
everyone in the picture? When you’re ready, touch the record button. [Again, on the
screen, there are 4 choices—plankton, seaweed, bottom critters and fish.]

Carrying out the Task

• Six out of the nine groups (2/3) recorded one hypothesis video.
Three (1/3) chose to rerecord.

• In most cases, one or two of the students in the team spoke during the recordings.

• In one group, a very forceful student overrode the others who attempted to speak.

Group Process: Reaching Consensus on a Reasonable Hypothesis

• In most instances, the teams were unanimous in their decision about their group
hypotheses.

• Seven of the nine (7 of 9) groups hypothesized that X-fish eat plankton; the
remaining two selected seaweed.

• Most groups made their selection from the four food choices based on the size and
shape of the fish specimen, introductory information provided either by the
narrator or the video, and their prior knowledge about plankton. Some groups
made their decision through a process of elimination.

• The nine groups recorded their hypotheses as listed below:
1. “We think it eats plankton because it is small and skinny and we think it

is too small to eat bottom critters, too.”
2. “Plankton. Because it doesn’t have any teeth and plankton is small t o

swallow.”
3. “Plankton. It’s too small a fish to eat bottom critters. When looking at

the picture [i.e. video], I thought I saw them eating plankton. Other
students agree: I saw plankton too.”
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4. “I think it is plankton because it has no teeth . . . its stomach is small,
too.”

5. “They eat plankton because they are tiny and so are plankton.”

6. “It does look too big to eat plankton, and too small to eat fish, so we are
down to seaweed or bottom critters. I don’t think it looks strong enough
to eat bottom critters.”

7. “We think it is seaweed because he had teeth and its mouth isn’t big
enough to eat bottom critters or even fish. He can’t eat plankton because
plankton don’t move fast so he doesn’t need the torpedo shape.”

8. “It’s small, no teeth, everything else eats it. It’s plankton. Plankton is at
the bottom of the food chain. Apparently they (X-fish) are.”

9. “We think the X-fish eats plankton because of the shape of the fish and
it is so small and is eaten by other fish or bottom dwellers.”

Students’ Interview Comments
Most of the students reported that they thought their team had worked well together
during the station activities. While some groups mentioned that their experience working
together in their classroom and knowing one another was important, some others felt they
could learn to work together even if student teams were not comprised of their “best
friends.”

I like how we worked as a group.

We worked well together.

Some kids feel embarrassed working together. We don’t because we are in the
same class. But [if there were mixed age groups together], older kids would
think they are right.

Any people can work together really and you don’t need to be best friends t o
work on that.

Students specifically discussed how they reached consensus about both their team
hypotheses and their conclusions.

It was not too hard. It was good to work as a team, to figure out our answers.

We shared ideas; we all had the same idea.

We didn’t argue. Before we pressed the buttons, we asked, did everyone agree?
I double-checked. If one person didn’t agree, we’d have discussed it.

We each had our own ideas; we took a vote.

We each decided on an answer that was the closest that could be and when we
had a conflict we decided on something else other than the two.
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METHODS

Narration and Text:
You’ve finished your first step—making a hypothesis!
What do scientists do after they make a hypothesis?

• The pause is insufficient for most students to respond.

• One student says, “Test it out.”

[Narration and text continues.] They test it out. Now it’s time for you to do an
investigation to test out your own hypothesis. A scientist can use different methods to
test a hypothesis and discover what a fish has been eating. Can you think of a way to
find out what a fish has been eating?

• Again, the pause is insufficient for students to respond.

• One student says, “Cut it open.”

Recommendations

• Consider what purpose these questions serve. Are you asking students to
respond? Or are the questions rhetorical?

• If the purpose is not to seek student responses at this point in time, consider
changing the narration to say:

You’ve finished your first step—making a hypothesis! After scientists form their
hypotheses, they test them out. Now it’s time for you to do an investigation to test out
your own hypothesis. A scientist can use different methods to test a hypothesis and
discover what a fish has been eating. [Drop the question] One straightforward . . .

STOMACH CONTENTS VIDEO

Narration and Text:

One straightforward way is to look right in its stomach. Stomach content analysis is
just a fancy way of saying that a scientist checks out what’s floating around inside the
fish’s stomach. To solve the fish food mystery, your team can do your own stomach
content analysis by looking under a microscope at what the X-fish ate.

During this narration, a video clip of a man opening a fish’s stomach to reveal the
contents was shown.
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Students’ Affect

• Students displayed some responses to the graphic video, but all seemed
appropriate. Some grimaced or said, “Ugh!” One wondered aloud whether they
would be dissecting the fish. No students withdrew from watching the screen.

Students’ Interview Comments
Students, for the most part, said they liked the video.

I liked how they showed the video and they didn’t spare the details.

Most students noted that they did not realize how scientists discovered what fish
eat—i.e. what methods they used for their investigation.

I didn’t know how they figured out what a fish ate. I thought they would drop
plankton in and see if they would eat it, and then drop seaweed in.

I learned that scientists can cut open fish and find out what it ate. He only
had to cut open one fish instead of cutting open five.

Evaluators’ Comment
The student comment above about scientists only cutting open one fish to find out what
it eats is an obvious misconception about this research activity and scientific research in
general. Consider how to address this so the visual information provided by the station
(the video of a scientist removing the stomach contents of one herring) does not obscure
students’ understanding of research sampling requirements.

• One group of students wondered why scientists want to know what X-fish eat.

• A few students said, after seeing the video, that they wanted to dissect the fish
and remove the stomach contents for examination; others suggested that the
specimen be already “gutted” so they could examine the inside of the fish.

I would like to gut the fish and then look at the contents in the microscope.

I think they should have had a fish that we could have gutted.

They could [give us] more stomach contents stuff and more time with the
fish to examine it. Maybe even have one that is gutted or ripped open [so] we
could look inside.

Recommendations

• Retain the video. It is authentic.

• Tell students why scientists conduct tests to find out what X-fish eat. How do
these investigations fit into the current research on herring? Also, during the video
narrative, or later, when examining a sample of X-fish stomach contents, explain
how scientists take their sample to test (i.e. not from one fish).
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• Obviously, dissecting the fish as part of this activity station does not make sense.
However, based on some students’ interest, it might be part of a follow-up
activity when students return to their classrooms. If microscopes are available,
students could sketch what they observe and compare the stomach contents to the
photos of those they viewed during their visit to Public Interface.

STOMACH CONTENTS ACTIVITY

Narration and Text:

Can your team discover what the X-fish eats? Take a look at the evidence.

Your microscope experiment has two steps. First, you’ll take photos of stomach
contents under the microscope. Then you’ll identify what you find.

You have X-fish stomach contents, a ruler, a microscope, and food ID cards.

Starting now, you have 4 minutes to capture pictures by putting the sample under the
microscope, focusing the image, and then pressing “save snapshot” on the lower
screen. Look closely, see what you can find.

Step 1: Capturing Photos of Stomach Contents Under the Microscope

Understanding the Directions

• While students are told this is a two-step process and are directed to first take
photos of stomach contents under the microscope, they are also told they have a
number of tools for conducting their stomach content analysis—the stomach
contents, a ruler, a microscope, and food ID cards.

• The narration at this point is lengthy; there isn’t much quiet, focused “work
time,” especially for looking under the microscope, seeing how it works, finding
clear or varied samples of stomach contents, or capturing their photos to use as
evidence.

Evaluators’ Comment
Students, when confronted with this set of directions, paid less attention to the
microscope component than one would like. We recommend that the other tools and
information remain secondary to students’ examination of X-fish stomach contents, at
this point in time.
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Carrying out the Task

• Students’ Use of the Microscope

• It was clear that at least a few of the groups or some students within these
groups had prior experience with and knowledge of how microscopes work.
These groups acknowledged the need to focus or zoom in on the stomach
contents.

• However, many of the teams had difficulty locating the correct knob on the
microscope for focusing their image, even with the labeling provided. We did
not observe any student group changing the magnification.

• Students’ Observations and Discussion of the Evidence

• Because there were multiple tasks and tools available to the groups, combined
with the time limitation, students’ observation of the phenomena suffered
somewhat. Their efforts focused on the identification of the “correct” answer
within the allotted time.

• While most groups began by looking at the stomach contents under the
microscope, most also used the ID cards before they had captured all their
photographs.

• Most groups never fully explored their sample of stomach contents. There
was no conversation that suggested students thought it might be possible to
view more than one type of food source in the sample. In fact, none did.

Evaluators’ Comment
This seemed curious to us and we wondered whether the idea of having one “correct”
answer or the pressure of having a time limitation overrode their ability to entertain more
than one possible solution during their investigation of the evidence.

• Most of the photos of the stomach contents that the student groups took were
very similar to one another, suggesting that they may have been using the evidence
to support their assumed “first” answer—i.e. what they first viewed under the
microscope and what looked similar to the food source ID cards.

• For some groups, the technology was very engaging; at times, the students seemed
more interested in taking turns to capture an image on the screen than looking
closely at the image itself.

Students’ Interview Comments
Students liked using the microscope to examine the stomach contents and being able to
preserve photographs of what they observed. They liked the technological
aspects—linking a microscope, the camera, and the station’s screen; the importance of
being able to see the contents clearly with the aid of the microscope; and their ability to
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move the container holding the contents around under the lens for better viewing. Below
is a sample of their extensive comments about this activity.

We looked through the microscope to see what they had in there. I was
surprised by what I saw. That is the fun part—experimenting. It helped make
some things clearer.

It was cool—there was a camera with a computer.

I thought the picture snapping was helpful; I got a clear picture [of the
stomach contents under the microscope] and then could compare [the
microscope picture to the cards].

I noticed I could move it [the stomach contents container under the
microscope].

It was good we were able to move around the tray on the microscope because
if it was attached, we couldn’t have gotten all good pictures.

Looking at the big screen helped me, seeing the microscope pictures [of the
stomach contents] on the large screen.

A few students suggested that more samples of the stomach contents be available for
examination; one recommended that they be able to compare different samples! Some
were considering whether their conclusions would hold true if they had more samples to
consider.

I think when they put the stuff that they eat underneath the microscope they
should give us more samples of it so we can see it better . . . more stuff that
they eat.

More stomach contents—some from this fish and some from another, from
the same species and compare.

Evaluators’ Comments
These students’ recommendations are worth consideration. Is it possible for students to
obtain other samples to examine once back in their classrooms?

When we (the evaluators) tried out the activity station on the first day before the
students arrived, we actually found and photographed both the copepod and the diatom
in our sample! (But, like some of the student groups, we did not consider the information
about their size relative to the krill!)

Group Process

• This activity, as currently designed, is engaging and provides opportunities for
students to collaborate as they examine the evidence and select samples to
preserve. In fact, in most teams, most if not all students were actively involved
during this stage of the investigation.
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• Some groups explicitly said they wanted to take turns, and they organized the
tasks so everyone had an opportunity to use the microscope. However, in most
groups, the boys dominated its use.

• Other teams divided up the tasks: one operated the microscope, another took the
photographs, and others viewed the ID cards.

• In two groups, where one of the students took less initiative, a member of the
team noticed and encouraged his or her involvement.

• In most groups, students did discuss together what they observed either under the
microscope or in the photos they shot, as well as the information provided in the
identification cards.

• In only one group, the team seemed less collaborative. A boy in this group
verbalized that the work should be shared. “We can all look under the
microscope,” he said. However, through his actions, he actually paid less attention
to others’ participation and contributions.

Recommendations

• Help students have more success using the microscope.

• In the original script for the activity station, there was an indication that a
microscope photo and “map” of the magnification and focus knobs would
appear on the screen during this task. Was that included in this version of the
station’s program? If not, consider adding it. These classes of students were
relatively “science savvy.” You may have other audiences that are even less
able to take full advantage of the microscope for viewing the sample of the
stomach contents.

• Use the activity to demonstrate the value of close observation of the evidence.

• As recommended above in the comments on the observation of the fish
specimen, we suggest that the narrator’s instructions be limited to the
importance of examining the evidence under the microscope and carefully
preserving, in their photos, the food source or sources visible. We suggest
holding off on mentioning the ID cards and ruler until Step Twp is introduced:
identifying what they have seen under the microscope. Otherwise, the
students seem to rush to the identification process before fully examining the
stomach contents.

• If you prefer to have the two steps interactive—i.e. looking at the stomach
contents and discussing the ID cards information, you may want the narrator
to first ask students to identify ALL the possible food sources visible in the
sample, suggesting there may be more than one.
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Step 2: Identify What You See Under the Microscope

Narration and Text:

Now that your team has captured microscope evidence, it’s time to compare what you
found in the stomach contents to the shape and size of items in the ID cards. (Use size
and shape but beware of color—colors can change!) Use all your tools—microscope,
ruler, and the cards.

Starting now, you’ll have 2 minutes to come to a conclusion about what the X-fish ate.
Be ready to explain your reasons.

[Again, the narrator reminds students that length can be an important clue.] Be sure to
use your ruler. You can hold it right up to your sample.

Carrying out the Task: The Station Fostered Critical Thinking and Reasoning Skills

• Examining the Evidence and Making Comparisons
As they considered what they observed under the microscope, the photos they
had taken, and the information from the ID cards, students began to consider the
size, shape, and specific identifiable features of the specimen—antenna, legs, etc.,
and make comparisons between the ID cards and what was visible in the stomach
contents sample.

Students’ Interview Comments
I thought it was seaweed, but then I understood their ideas. When I looked
under the microscope, it wasn’t seaweed.

It is cool how we see things in the microscopes; it looked exactly like one of
the ID cards.

Looking at the big screen helped me, seeing the microscope [stomach
contents] on the large screen. We thought it was either one or the other—the
copepod or the krill. [Student in group] pointed out the details.

We looked at the shape and the color. The color looked like copepod. Krill
had longer antenna.

• Applying Prior Knowledge
A few students called upon their prior knowledge to help them identify the food
source. As they viewed the photos they said:
It looks like shrimp.
Seaweed do not have antenna.
Plankton are microscopic; you can’t see it with human eyes.
Aren’t (plankton) mushroom shaped?
I think they are krill, but whales eat krill.
Have you ever seen krill?
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Students’ Interview Comments
We used our knowledge, like [student] said. I knew a fish that big couldn’t fit
in a fish that size.

• Using the Process of Elimination
Several groups first decided to rule out some of the possibilities offered.
It doesn’t look like a sandworm, or crabs.
It couldn’t be a sandworm because they are long.
It’s not krill because of the color.

Students’ Interview Comments
It gave us enough information to figure out an answer, and you had four t o
choose from, so it helped. We narrowed it down with the cards. We knew
what it wasn’t.

The fish wasn’t big enough to eat a cod. A crab wouldn’t fit.

Other fish are big, and his organs are small, so it had to be the krill or the
seaweed, or copepod.

• Measuring and Interpreting Scale
In several groups, students wanted to use the ruler but were not sure what to
measure or how. Some measured the ID card photos, usually comparing the krill
and copepod. Some tried to compare the ID card photo sizes to the size of the
magnified images of the stomach contents they had taken. One tried to measure
the size of the stomach contents sample in the dish under the microscope but
concluded the ruler was not an adequate tool. One tried to measure on the screen
with the ruler.

A few understood that they had to deal with translating two different
measures—inches and centimeters—to be able to make an accurate comparison.
Only a few groups understood that the photos on the ID cards were not accurate
representations of the size of the food source, and consulted the written
information to determine its size.

Students’ Interview Comments
During the interviews, students said using the ruler for measurement was either
confusing or difficult.

When we got to the measuring part, we couldn’t figure that out.

The measuring part was hard.

What was confusing was the measurement.

I didn’t know how to use the ruler because it is different when you measure
the specimen in the picture and then you measure it up to the screen and it is
going to be smaller.

We didn’t understand what the ruler was for; it was hard to use with the
microscope. The size was on the information cards.
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We rejected the ruler. We figured it out with the other evidence. We didn’t
base it on size. The other evidence was more clear.

Evaluators’ Comment
We suggest that you use a container that has a measured grid on its lower surface
for the stomach contents. We also suggest that you continue to provide the ruler
because the students’ attempts to figure out the relationship between their photos
of the magnified specimen, the actual size of the stomach contents in the dish, and
the photos on the ID cards was valuable and fostered considerable dialogue.

• Simultaneously Considering Multiple Attributes
Groups that decided upon copepod and discarded krill were able to consider and
weigh several attributes, most notably factoring in size, rather than allowing only
one—usually its appearance—to drive their decision-making.

Students’ Interview Comments
We got our information from looking at the pictures. The cards had
information, too. It told what the shape was and how long it was—its size.

We could see that it was small things, so we knew it was plankton or seaweed.

• Relying on the Weight of the Evidence
One student was concerned with proof. Could the team use the evidence to be
certain? A few groups used all of these reasoning skills: they reviewed their
evidence; ruled out certain possibilities; narrowed their choices to krill or copepod
based on shape and identifiable features; and used the size of the actual specimen
to determine their final choice.

Evaluators’ Comment
What was impressive about how some of the student groups handled the task was
that they decided to reexamine their evidence as they considered alternative
possibilities. They looked again under the microscope for particular features they
could identify and match to the image on the ID cards. One student even recalled
their examination of the fish, noting that s/he had observed that it was fast and
sleek, and considered how these attributes might be clues to what it ate.

Recommendations

Overall, we commend you on developing an activity station that is so rich that it fully
engaged the range of students we observed, provided the tools they needed to weigh the
available evidence, and encouraged their use of quite sophisticated reasoning skills to form
their conclusion. We believe that the session you are planning that will involve all
participating students once they have completed their exploration of the activity stations
will provide students the opportunity to compare their findings and discuss the evidence
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sources they used. Any discrepancies among their conclusions will enrich that
conversation.

• We recommend that you leave sufficient time during the debriefing session for
students to defend their varied conclusions.

• Guard against teacher interactions or interventions with students throughout the
inquiry processes at the activity stations that might “guide” students to the
“right” answers.

CONCLUSION VIDEO

Narration and Text:

Now that you’ve investigated the evidence, it’s time to solve the mystery and explain
your conclusions. What did the X-fish eat? Starting now, you have 30 seconds to select
your team’s answer by touching your choice on the bottom screen.

Carrying out the Task: Discussing Their Findings, Forming a Conclusion

• Six of the nine groups (2/3) concluded successfully that X-fish eat copepod
(animal plankton). They all said they made their decision because of the size and
shape of the copepod, and that features of the specimen found in the stomach
contents best matched the image and description of the copepod from the ID
cards.

• Three of the groups (1/3) chose krill. They made their decision by comparing the
appearance of the krill, as shown on the ID cards, to the captured photos of the
stomach contents sample. Most did not use size in their determination.

• However, in one of the three groups that selected krill—one member of the group
stated that it looked both like the krill and the copepod. Members of this team
acknowledged that they had not been able to make an accurate measurement of the
stomach contents.

Students’ Interview Comments
Some teams said they found reaching consensus on what X-fish eat difficult.

We were kind of arguing with each other over, “Is it this one?” “I think its
krill.” “No we think it’s . . .”

The thing that was hard was probably . . . finding what the fish ate, because we
all disagreed and then we agreed and then found more evidence.

It was hard trying to decide our final answer for the fish—about what it ate.

In fact, during our follow-up interviews with the students, some groups were still
discussing the evidence.
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Student A: I just thought of something really confusing—you don’t need teeth
to chop on plankton.
Student B: But the teeth were not sharp; they were dull, so maybe it was like
beta teeth. Most fish have teeth.

Some teams said they remained uncertain about whether they had selected the “correct”
choice.

[It was hard to] find a conclusion because we were arguing a lot and I almost
clicked the wrong answer but [student] came back with evidence. We don’t
even know what was right or wrong.

We don’t know yet; it looked a lot like krill.

Evaluators’ Comment
Students’ continued interest in knowing what X-fish eat is clear evidence that the station
activity was an engaging, appropriately designed investigation for this age group. Their
thinking did not stop when the activity ended. They continued to reflect on their choices
and consider new interpretations of the evidence provided during the post-activity
interviews.

Group Process: Team Video Recordings

• In six teams (2/3), a girl and a boy shared the responsibility of making the video.
They stated their conclusions and provided the evidence they used to make their
decision.

• In two teams, some students did not want to be the speaker on the video, and in
both cases one student explained their decision.

• The team that had only three students decided to include everyone in their
recording. Each student contributed information about the evidence they used to
reach their conclusion.

• Only two groups of students made a second recording.

Text of the Student Groups’ Conclusion Videos

Day 1

1. “We chose the animal plankton because it is really small.”

“It’s 1/8 of an inch, and looks exactly like it. It’s the same size.”

2. “We think its krill because it looks like the contents of the stomach.”

“When you look at it, the tail looks like itself.”

3. “Krill, because it had the same shape as on the pictures we looked at.”
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4. “We think it is the animal plankton (copepod) because of size and
shape.”
“And longer antennas.”

5. “Copepod. It is the same size, length, and it looks the same.”
[Group does second recording, but gives the same answer.]

Day 2

1. “We chose krill because in the picture it looks the same as under the
microscope, but we couldn’t measure.”
“It was both like krill and copepod, but when we came under the
microscope we saw it looked more like krill and . . .” [Video cuts student
off]

2 “We picked animal plankton or copepod because of the long antennas on
this paper.”
“It has the same features.”
“And based on the evidence, we had a guy that looked exactly like the
picture . . . a picture right here. It was a fat guy.”

3. First recording: [Girl holds up the card of the copepod.] “We think it eats
copepod, animal plankton. It has antenna. It is more intact than other
things.”
Second recording: Boy: “It’s copepod, animal plankton, it has antenna.”
Girl adds: “That’s the only one they (X-fish) could catch. [The stomach
contents] were not smooshed up.”

4. All three students speak: “We think it is a copepod.”

“Because of the pictures we examined in the microscope, and even though
the colors are different, colors can change . . .”
“Copepod, because krill is much too big and copepod is small.”

Students’ Interview Comments
Students reacted to recording their conclusion videos in a variety of ways. Some liked
making the recordings and enjoyed watching themselves during the replay, while others
said they were nervous or found it difficult to do because they were not sure what to say.

I liked making the recordings.

I think it is cool because it is kind of funny to see what we did and how we
looked on the screen thing, and I think that was cool.

The movies were fun, but hard; we didn’t know what to say.

The first recording we messed up, we didn’t take turns, we were messing
around.

Some teams recommended that the station provide an option for re-recording their
conclusion video after they have had a chance to review the first recording. Several
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suggested that there be more time for reaching their conclusion and preparing for recording
their conclusion.

It asks, “Do you want to save it or record it again?” before you see and hear it
again. I wish we could re-watch [the video] and then decide [whether to re-
record], like when we did two group pictures.

We have so much stuff to talk about. They should make the recording longer.
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PART THREE: ADDITIONAL INFORMATION FROM STUDENT
INTERVIEWS
WHAT DID STUDENTS LEARN BY PILOTING THE X-FISH ACTIVITY
STATION?
WHAT RECOMMENDATIONS DID STUDENTS OFFER TO THE
PROGRAM DESIGNERS?

While the primary focus of the front-end/formative evaluation for Public Interface was on
how well the station worked for the groups of students piloting the prototype and what
changes might be needed to make it more effective, the GMRI staff also was interested in
what students gained from their experience investigating what X-fish eat. The first section
of Part Three uses the station observations and student interview data to address the
following questions about student learning:

• Did the prototype station activity engage students in the scientific process?

• Did the station activity help students learn about current marine research and
findings?

• What did they learn or learn more about?

• Did it promote students’ interest in and curiosity about marine research, and, as a
result of their involvement, are they interested in learning more?

• What other questions do they have?

STUDENT LEARNING OUTCOMES
I had fun doing research. The X-fish station was really hard to work as a
team; it was tricky. We used our minds. (Participating student)

As described in detail in the previous sections of this report, the Public Interface activity
station posed the question, “What Does the X-Fish Eat?”; asked students to form their
hypotheses based on their observations of X-fish specimen; and then engaged students in
stomach content analyses using both scientific instruments and more familiar classroom
tools to test their hypotheses and reach conclusions about the X-fish food source(s).

From the pre-survey data, we already knew that these students had a working knowledge
of the scientific research process, and had opportunities to conduct investigations in their
science classrooms. However, we were interested in finding out whether, as a result of
their involvement in the activity station, (1) students could form a new hypothesis about
where X-fish can be found, based on what they had learned from the station activities,
and (2) whether they could describe one or more “scientific” methods for discovering
whether their hypotheses were correct. Students were asked:
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Can you make a hypothesis about whether you think the X-fish swims in the open water
like a tuna, or swims right on the sea bottom like a stingray?

• Why do you think so?

• How would you test your hypothesis to solve this problem [find out if your
hypothesis is correct]?

Using Scientific Research Processes

• Students became very interested in X-fish. Some said they wanted to learn more.
When asked where they thought X-fish could be found, the student teams we
interviewed discussed a number of different hypotheses that were based either on
their experience with the station activities or other information they had learned
previously. A few examples of the student exchanges follow:
I don’t think they go in the bottom because they are not built for staying in
bottom.
They just don’t look like they are on the bottom; they look like they are
built for the top and have the colors for the top and have a bit of camouflage
because silver and upper water is silvery, so that wouldn’t be good camouflage.

Wait, they could swim in the bottom because they are black and objects aren’t
visible in the ocean low down.
I think that they swim at the top because of their color and at the top it is
light.
Didn’t they show a picture of them swimming near the top?

If it eats plankton, it probably doesn’t go to the bottom. It doesn’t eat worms
or stuff [on the bottom].
If they eat plankton they are not predators.
Some predators live on the bottom; they have big teeth, and big eyes for
seeing in the dark. Bottom fish have lights on them because it’s dark.
They are freaky looking.

If it ate fish, it would be on top, like minnows.
I think it is on the top of the ocean because I think I saw in the video; I
thought there was light gleaming on them.
I think they swim close to the surface because they eat plankton and
plankton is on the surface of the water.
I think they swim on the surface because they are all together and I think the
plankton is above the water instead of below.

Some on the top are more tropical or like gray fish, so the X-fish is probably
the middle fish.

• Students recommended a number of methods for discovering whether their varied
hypotheses were true. Some of their suggested strategies incorporated information
about what the X-fish eat and involved fieldwork; some recommended a trial and
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error approach; while still others suggested research methods more familiar to
these middle school students.
Look where the food is that it eats.
You could make a hypothesis from what they eat and then go there [where
the fish they eat are].
See what it eats, and see if that is in the area [where you think the X-fish
lives].

I think they would send divers down to find the fish and see how it swims.
You could get a boat and an underwater camera, or go scuba diving and take
pictures.
Take a ride out to where they think they are and find out, and if not, try
somewhere else.
Research the fish.
Look it up in a fish book.
Look it up on the Internet.
Ask someone that knew.

• Students appreciated the value of collaborative, student-led research.
I think you learn that if you are with a team you need to use teamwork.
I learned that if you worked together you could find more things that you
didn’t really know.

It was not too hard. It was good to work as a team, to figure out our answers.
I think we did a good job working together because we had no idea and we felt
that we could figure it out and we did and the telescope did help. [Another
student corrects speaker: Microscope.]

It makes you more independent. There was no adult to help you.
It’s fun to do stuff on your own. Sometimes teachers give you all the
information.
I liked that you experimented yourself.

New Information About How Marine Scientists Work

• From the pre-visit surveys, we learned that most of these students were already
extremely comfortable with what a hypothesis was and how to use one.
A hypothesis is an educated guess, and scientists use it and mathematicians
sometimes.
Almost everyone uses the word.
We all do, in our science class, and scientists do.
I use it everyday. When I am walking down the street, I think “How does that
happen?” I make a hypothesis.
Making a hypothesis, an educated guess, helps a lot of things. If you’re just
guessing, you are not getting anywhere.
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• Yet, students also identified new information about scientists’ work that they
gained from their participation in piloting the activity station prototype. For some
students, learning how to do a stomach content analysis was new.

I noticed that I didn’t know how they figured out what a fish ate. I thought
they would drop plankton in and see if they would eat it, and, [if not], then
drop seaweed in.

I didn’t know you had to cut the fish open [to see what it ate].

That they have to find out their work, they work hard, and sometimes it is
easier to find conclusions. They gut a fish and look in every place.

• Some students identified the importance of using what you know as a starting
place for conducting research.
I think [scientists] have to do research and use common sense.
You have to use what you know a lot.

• Other students said they learned that research is not as easy as they thought it
might be.
I learned they have to do a lot of research and [find a lot of] evidence before
they make a conclusion to their guess.
It’s hard to agree and come up with what you have.
I thought it would be easier.

Learning About Current Marine Research

• Students obviously learned more about X-fish and what they eat from this
experience. They also mentioned other things they learned, as well.
I had no idea that plankton looked like that. I thought it looked like
mushrooms.
I learned the difference between plant plankton and zooplankton.

• These students came away from their experience very curious. When they finished
the station activities, they had many new questions. Some were asking more
sophisticated questions about what X-fish eat.
Why do scientists want to know what X-fish eat?
We eat one kind of food. Does the X-fish eat the same thing as every other
kind of fish that’s the same size, the same species?

• Students also had more questions about where X-fish live, and wondered whether
they are migratory.
Where does it live; is it on the coast, or out deep, or on shore? In a lake? In
cold water or warm?
Which oceans is it native to?
Does it live in deep water or in the sunshine?
Where does it go in the winter?
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• Students wanted to know how it got its name. Many thought its name was
actually X-fish!
I hadn’t heard about X-fish before.
I didn’t know what an X-fish was either, so I had fun learning about that.
Why is it called the X-fish?

I’d like to learn why they call it an X-fish because it didn’t have an x on it
and I wouldn’t have thought to name it that.
Is it related to X-men?
When I heard about X-fish, I thought of big fins.
I thought of X-ray fish.

• And, as we noted in the previous section of this report, students really wanted to
know whether their conclusions about what X-fish eat were right.
It should have said if you got it right or not. I wish it let you know if you were
wrong and let you try again, or yes, you got it right.

• Students were eager to return and do additional marine research.
I would want it to be a different fish so we don’t know the answer if we go
back.
If we had to go back, I think I wouldn’t want it to be fish but maybe a crab or
something else at the bottom of the sea.
I think they could get a different fish and we could choose what we do our
experiment on.
Next time can we choose the z-fish?

STUDENT RECOMMENDATIONS

Students invited to pilot the X-fish activity station understood that they were assisting
the GMRI and Imageworks staff and would be contributing to the design and
development of the activity station.

In the report section above, where we describe students’ responses to the different
station components, we have indicated a few of the students’ thoughts on how well the
station functioned for them; what was difficult or easy for them to do and why. In this
section, we have collected together the key recommendations for improving the station
that students offered during their follow-up interviews.

1. Station Design

Time
It is clear that the amount of time, the pacing of the activities, and the narrator’s alerts
about time remaining to complete a task influenced the comfort level, accessibility, and
value of the station for different groups of students.
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Amount of Time Available

Most of the students’ commented about the amount of time allotted for the station
activities. However, there was no clear consensus on whether the overall time was
sufficient or not. The data does suggest, however, that most students felt they would
benefit from more time for thinking about and discussing the evidence provided, for
reaching an agreement about their conclusion, and for recording their final video.

• Some students felt the time was sufficient, or liked the challenge of completing the
task before “time ran out.”
It’s fun. If they put you on the spot, you do more thinking.
It was fun to rush. We know the question; we understand it.

• Several suggested that they might have done “better” if they had had more time.
I think we did OK, but if we had more time, we would have done better
because we wouldn’t be rushing.

• Others were more challenged by the time limitations; they felt rushed and wanted
more time for some of the tasks.
I worried about running out of time. It was racing through my mind t o
remember all the things he was saying—15 seconds to do this . . . etc.
I was worried about when the time would be up, what if they didn’t make a
decision in time?
The part where they talk about X-fish went fast. It would be good to slow it
down a little more, give more detail.
More time for holding the fish so we all get a chance.
We kind of ran out of time on the microscope thing.
More time to work out the details and evidence, and maybe more clues.
We needed more time for thinking.
We did not have enough time to record.

• Some were more pragmatic. They understood that there was a finite amount of
time for the entire station activity, and felt the time allotments were necessary if
they were to complete all the activities.
I think there should be an unlimited amount of time and you could push a
button [when you were ready to move on].
I disagree because then we could have spent the entire time doing one fish
thing, so I think we should keep the time, but increase or decrease some parts.

Control of the Pace of the Activities

A few students recommended that the station have a pause button or, if they finished an
activity before time elapsed, a button that allowed them to move to the next section.

If we were disagreeing with something, and you needed only one answer, it
would be good if you could pause the time to talk it over.
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Narration
Some students thought the narration was annoying, or that there was too much talking,
while others thought it was helpful because you knew “what was coming up next.”

One student suggested that the narrator be a cartoon character visible on the screen.

It would be cool if they had a cartoon person talking, like with Microsoft
Word.

Directions    

Students that did not see the fish in the box right away asked for clearer directions about
handling the fish.

Time Alerts

Students also disagreed about the usefulness of the narrator giving time reminders. Some
found that it interrupted them or distracted them from their work.

I don’t [like] how it tells you, you have two minutes left, and then it tells you
more about it and it takes up time.
Sometimes it (the 15-second alert) was helpful. We wouldn’t want to still be
talking when the time runs out, and then we couldn’t do our stuff. So I think
the information was helpful because time was running out.
I think they should give you more warning, like at 45 seconds.
The warnings did help, if you were trying to look at other stuff (i.e. like
microscope or cards), or you were having more opinions, or you were working
on what you were doing, then you didn’t have to keep watching the time.
It gave us time to agree.

Props and Tools
A few students recommended that a “gutted fish,” an “easier ruler for measuring the
plankton,” “more than one sample of stomach contents,” and lab coats be added to the
station. One student felt that students should be able to sit down at the station, and
suggested moveable stools.

Video Recording
Students recommended that when recording their conclusion, they be able to watch their
video before deciding whether to re-record.

Products
Students wanted to be able to take their group photo home. (We recognize that the
students’ products will be available, once the GMRI’s new facilities open.)
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2. Design of the Public Interface Exhibit Space

Some students extended their design recommendations to include their ideas for the new
GMRI facility now under construction.

[It] should look professional.
[It should have] dark rooms.
The rooms should be painted pink because it mellows people out, it’s not
stressful.
[There should be] background music.
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PART FOUR: TEACHERS’ REFLECTIONS AND
RECOMMENDATIONS

Overall, I think the concepts and how the prototype was set up—it’s a winner
for a strong educational visit. This concept is so unique and beneficial to kids
that visit. The thinking part, the processing kids have to go through, is unique
to this facility. I was enthralled. (Participating teacher)

Within a week following their students’ participation in testing the Public Interface
prototype design for the “What Does the X-Fish Eat?” activity station, we interviewed
both teachers by telephone.4 Their reflections on their students’ experiences, as well as
their own involvement, is discussed in this section. Teachers also offered several
recommendations for GMRI consideration.

We asked the participating teachers to provide information about:

• Their students, their school, and their science programs;

• How they organized the student teams and prepared their students for the visit;

• Their reactions to what their students gained from their experience; and

• Whether, by watching them use the station, they discovered new information
about their students.

BACKGROUND INFORMATION

The background information about the participating schools, student demographics, and
existing science programs can be found in the introductory section of this report.

PRE-VISIT PREPARATIONS

Identifying Student Teams

• Both teachers reported that they organized the students’ teams according to our
evaluators’ directions. Most groups had four students, usually two boys and two
girls, and were relatively homogeneous without designated student “leaders.” The
groups each had ocean-related names, but teachers informed us which groups were
more advanced, academically, those that were comprised of “typical” students,
and those that struggled, so we could observe whether the activities were
appropriate for a typical range of students at these grade levels.

• One teacher did not bring the entire class. Instead, s/he reported using the
following criteria when selecting which students to include or exclude:

                                                

4 The teacher interview protocol can be found in the appendices.
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Excluded:
Students with discipline problems. It wouldn’t be helpful to have some
explosive kids; that wasn’t going to work.

Included:
Special education students that were cooperative.

Students with inter-personal and intra-personal skills.

Students that were conceptual, logical.

Students that were spontaneous and those who were more reserved.

Students with time management issues.

High achievers.

• One teacher noted that this was not the way s/he usually organizes groups in the
classrooms.

I grouped them homogenously. This is not usually how I do it. According t o
your directions, it was to make sure no child took off in the group. Interesting
. . . I usually group heterogeneously. We do everything that way to make sure
everyone succeeds.

• Teachers related that some students and/or some student teams surprised them.
Students they expected to be “dynamic” were sometimes less so, while other
student teams were more engaged and performed better than teachers expected.

Teachers’ Instructions

• Both teachers provided special instructions before leaving the classroom for the
GMRI test site. They stressed “good behavior” and teamwork.

I did tell them that they represented [our school] and to be on extra polite
behavior, which I preface for any trip.

I had told them to be cooperative, work as a team, have fun. I also had told
them, “If you have any questions, ask me.” But then, when we got there, the
directions were that they couldn’t talk to me. So, one early observation I
focused on was, what would the students do if they couldn’t talk to an adult.
But they worked it through by themselves.

TEACHERS’ REFLECTIONS ON STUDENTS’ PARTICIPATION

The findings in this section, based on teachers’ comments on the activity station and their
students’ responses to it, were very similar to those reported throughout this report.

Teachers said students, for the most part, stayed engaged throughout the activity, and
they later reported to teachers that they had enjoyed the experience.

Out of the 15 kids, 13 of them got what they put into it, and that was a great
deal. One didn’t get much out of it, one said s/he could take it or leave it.
Thirteen really enjoyed their time. They had good recall of everything.
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I was pleased kids stayed focused on the task. It held their attention
throughout the 20 minutes. I didn’t see anyone withdraw, although one
student didn’t engage very much. In the classroom, I see more disengagement.
I have to try and engage kids more during classroom [activities]. The basic
activity creates a natural interaction between the group and the task.
Although, a great deal of thought goes into that grouping. Not even unique
technology or environment can overcome a poor working group.

They would have been engaged more with an introduction from me or
someone else. As far as the prototype was concerned, their minds were
engaged. Even the student that didn’t participate, s/he was thinking about
what was going on. S/he is not forceful or verbal, but was thinking.

Teachers identified some of the station’s attributes that contributed to students’
engagement. These included:

• Finding a solution to a “mystery” through “a scientific inquiry process”

• Using technology—the team photo and video recording

• Handling real specimens

One kid said later, “Some things were gross, but once you got used to them, it
was fine.”

• Having a range of props and tools for their investigation

Teachers reported that student participation contributed to students’:

• Understanding of and experience with marine research

They participated in real-life research.

My observations were that, yes, they were engaged in the scientific process,
although time was a factor in there.

Socially, I felt it was a very good social interaction and shows how scientists
have to work together and dovetail off of each other’s thoughts. More than
answers—but the process of what scientist go through and how they work
together to help each other.

• Collaboration and teamwork

There was good communication between the kids for the most part. They
were asking significant questions, although in a low voice, so sometimes I
couldn’t hear them.

They worked very well together. Some kids went beyond what they have done
in class.

We stress cooperation; everyone takes part in decision-making. I heard them
say, “What do you think?” and “You do that one.”

Kids were sharing equipment and taking turns. But, that had to do with my
explaining to them ahead of time—take turns and be polite.
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There seemed to be always one that led the way even though the groups were
homogenous. One is more comfortable with the technology or with one facet
of it. Although, sometimes, they seemed to be even because one handled the
microscope better and one handled pictures better.

• Independence

The X-fish activity, to watch students engage in something that was new and
foreign to them, in terms of equipment and technology, reinforced the
process I’ve been using in the classroom.

One of the skills they had to develop was managing the time.

• Interest in marine science topics.

They said “We can’t wait for oceanography . . .”

I had several parents thanking me for including kids in the activity.

Both teachers said, however, if a goal of PI is to promote students’ interest in an ocean
science-related career, students would benefit more from on-going interactions with
GMRI researchers.

It all has to do with exposure. Most kids want to do what their parents do, or
some might want to be a basketball star. The one student [in the class who is]
interested in being a marine biologist, helps me with the fish tanks in school.

More outreach to kids in schools and role models, that’s important; to have
several programs that tie in scientists with kids in schools. That might be a
component with this research institute. Those are the things that make a
difference if you want kids to go into the marine research field.

At early ages, there has to be more adopt-a-scientist kind of thing. That could
be a hook. The other hook is follow-up activities.

Teachers noted that the activity station presented some challenges for students. These
included:

• Understanding the directions

I noticed that when there were two-part questions or instructions, the kids just
answered the last part of the question.

• Having sufficient time to process information and complete tasks

Their internal processing goes at different rates; some need more think time.

The voice [alerting them to time]—once they got into that activity, they
should realize this is going to keep on coming, and we’re under a time thing.
Some are strong, can process within a given time, but others become
frustrated by that and withdraw.

That changes the picture a little in how kids work things through. When there
isn’t enough time, kids’ tendency is to not address certain things, to skip over
them.
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I noticed they’d rush through and then were just waiting, as opposed to just
having the discussion during that time period. Time posed a factor; I’m not
sure if that’s good or bad. I recognize they have to time things; kids are only
there so long.

The time element was short, shorter than they have back in the classroom.
They are doing scientific work now on determining what samples are rocks
and minerals, but they do their investigations over an eight-week time period.
They have time to check data to make sure it’s accurate. In the classroom,
they get reminders about when the class ends, but when they are getting their
hypotheses, they don’t have to do that within so much time. Time is a big
factor here.

One student I left back at school, s/he gets frustrated when working with a
closed amount of time, but is a brilliant kid, but s/he couldn’t have performed
in that situation.

• Using the microscope

It depended on the group. If students in the group hadn’t used it before, they
didn’t use it too much.

If kids had orientation prior to going there and use of the microscope, and
how to use it in this type of a setting, there would have been enough time. But
because they weren’t familiar with this model, there wasn’t enough time for
them to figure it out and take the photos.

TEACHERS’ RECOMMENDATIONS

We asked teachers for their recommendations for improving the station activities, and
their suggestions for how they could integrate the GMRI’s Public Interface visits into
their instructional programs. Their responses are listed below.

Pre-Visit Preparations for Students

Surprisingly, given the positive view teachers had about their students’ experience, both
teachers stressed the importance of preparing their students so all could be “successful.”

Evaluators’ Note: As evaluators, and admittedly strong proponents of
constructivist learning in informal educational institutions, we disagree strongly
with this notion of “success,” and believe that the preparation, even pre-teaching,
they recommend would greatly reduce students’ opportunity to struggle with a
complex, engaging, inquiry-based, and age-appropriate program. We even suspect
such “preparation” would reduce students’ interest in the activity and would, for
certain, limit their sense of mastery.

Despite intruding this strong statement, we have included their suggestions here for your
review.
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• Student teams should have “leaders” or “job captains.”
One teacher felt the activity would go “more smoothly” if team members had pre-
assigned jobs.

Maybe if they . . . knew exactly what is going to happen, this person will be
the leader for this part and this person will be the leader for the microscope.
[GMRI] could send out a packet and before kids come to the institute, they
will know what the procedure was on the activity to do with the technology.
That way, they could make sure everyone was involved.

That would be my way of doing it, giving them each a job . . . The teacher
would have to make them aware of steps in the activity. You have to give
kids a lot of preface, a lot of background, for them to be ready. I thought
they would be more independent, but they aren’t. It’s because their brains are
in so many directions.

• The other teacher stressed the importance of teachers constructing teams that
could work well together.

They must be able to work as a team, so the groups, in terms of numbers and
general cooperation, has to be stressed to the teacher before coming. Because
it is so different from other field trips that kids will be engaged in, the student
grouping will become important. Its focus is on learning.

• They recommended that classroom teachers prepare students for the visit by
previewing the activity, reminding students if they had had prior experience with
some of the tools, and, if needed, pre-teaching some students.

As the teacher, you would pre-teach concepts so kids have a successful
experience.

Some kids didn’t touch the fish. Two kids stayed in the background. In group
3, one girl stayed in the background. There was no way she would touch that
fish. She didn’t participate much, except for the group picture. Had I been
able to give her an introduction, or been involved in a teacher orientation
program, she would be a kid I would coach on the side beforehand and would
have done some tutorial work to get her involved. That would have moved
her to get involved, even to touch the fish.

If I had said, “You are going to use microscopes. Remember, you did it last
time?” Reminding is a big thing in 6th grade.

Make sure that they know why the rulers are there. Even though they are 6th

graders, they just need a little bit more. If I could have done a whole preface
on it, I think you would have seen things move along faster.

Pre-Visit Preparations for Teachers

The teachers recommended that GMRI prepare participating teachers, administrators, and
parents prior to a school visit.

Orientation for teachers . . . will be important to success, and how it’s done,
when it’s done. I would treat this as a real serious opportunity to provide an
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experience like no other, so teachers and administrators should be approached
in a serious, business-like manner, and also parents.

They suggested GMRI:

• Clarify their goals for schools and parents. Explain that the visit is designed for 5th

and 6th graders, that it is a research facility, and that the program is aligned with
what these students need to know and know how to do.

• Have GMRI staff visit the school or have teachers visit the institute for a pre-
classroom visit orientation so they could prepare students.

• Send parents a letter providing information about Public Interface and explaining
the ways students’ visit to Public Interface is different from a “normal” school
field trip.

Changes to Station Activities

• Provide more information about the X-fish’s habitat (more video footage or a tank
habitat).

I’d like to see the institute have some type of a tank there, a touch me, feel
me tank.

• Have students figure out their conclusions when they return to school.

An alternative [to increasing the time] would be to not have them do
everything. They could prove their hypotheses back in the classroom and
send information back via computer to GMRI.

Changes to the Station’s Platform Design

• Increase the time allotted.

If the student groups are more vocal, they are going to run out of time.

• Reduce the size of student teams. Five is definitely too many. Students need to be
able to get close to the station and be immersed in the activities.

• Keep the fish specimen, if it can be kept fresh, during school visits.

• Provide seating.

To my mind, it would have been easier if they were sitting down. Some kids
are shorter and really couldn’t see. Almost like a console where they all could
sit down, like what you see at NASA.

Changes to the Public Interface Environment

• Consider the likely noise level when planning the arrangement of the stations.
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Plan Follow-Up Activities

• Provide opportunities for students to compare their findings and defend their
conclusions.

One student . . . on the way back to school [after the visit] said something t o
the effect—“How come we didn’t come up with the same answer?”

• Teachers recommended that GMRI provide additional materials and follow-up to
classroom visits.

When they identify the X-fish based on what it eats, that could be a strand of
a science unit. What things are in the Gulf of Maine? What do these marine
species eat? That could be a whole different area there, the food
chain—plant-eaters, fish-eaters.

They could make charts of marine life forms available as part of a packet
that went back with the teacher. That could be a hook to get teachers
involved—part of the teacher orientation, next steps—especially if teachers
don’t teach much science or are unsure about ideas, or generating ideas.

Provide Web sites other than the GMRI Web site; tie-ins to marine research
would be helpful.

• The teachers noted that the before and after components will be important if
GMRI’s goal is to develop relationships with students and involve them in
inquiries about current marine research.

They could provide guidelines for continuation in the classroom and for
reporting back, and the institute has volunteers to connect with the kids.
Follow-up is not productive without interaction. It can’t be one-way.

What they have done with the [station] activity is lit a candle. It’s blowing in
the wind when it gets back to school. There are so many other things that
happen back in school; if there is no connection with follow-up, the candle
will go out. Follow-up will keep the candle burning—the candle being
knowledge.
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IV. STRENGTHS AND CHALLENGES OF THE PUBLIC
INTERFACE ACTIVITY STATION

PROGRAM STRENGTHS
Throughout the report, we have noted a number of the strengths of the design and
development of the station prototype. Here we want to briefly outline the ways in which
we think it is well designed and presents a very valuable learning experience for students.

1. “What Does the X-Fish Eat?” is developmentally appropriate for 5th and 6th grade
students.

• The students who piloted the prototype design had sufficient prior knowledge
about ocean science concepts and classroom experience using scientific research
skills to operate the station and complete the investigations successfully.

• At the same time, students reported that they found the experience enjoyable and
challenging.

2. The prototype, as designed, was accessible to almost all of the students.

• As we observed the prototype trials, only two students seemed hesitant to
become involved. At the urging of their teammates, both took on some limited
responsibilities.

• Some groups did struggle with some of the multi-step directions, or told us that
they felt rushed during a few of the activities, yet all teams worked effectively to
complete the entire program.

• We believe that designers can, with only minor modifications in the observational
and evidence-gathering sections, address these two areas of concern.

3. The activity station fully engaged students in the scientific process.

• They made observations, formed hypotheses, conducted a stomach content
analysis, examined the evidence available, and determined their conclusions.

• Students employed critical problem-solving skills and exhibited “scientific habits
of mind.”

4. The “mystery” presented and the design of the investigations supported collaboration
among the teams of students, even those who did not usually work together.

• Students reported that they relied on the varied knowledge, experience, and skills
of individual team members to solve the mystery of what X-fish eat.
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• In addition, some teams noted the importance of being allowed to operate the
station independently, without adult oversight or intervention.

5. The activity station did contribute to students’ learning and appeared to promote
their interest in marine research.

• Students’ learning and the new questions the program generated for the students is
fully documented in the body of the report.

6. Although still a prototype, the station was technologically reliable during both testing
days.

• Throughout the two days of observation, technical difficulties hampered the
activity station only once. During this single trial, the program unexpectedly
stopped. Imageworks reset the program quickly and then it ran without further
problems.

• All of the “built-in” tools and the interactive components worked as planned.

EVALUATORS’ RECOMMENDATIONS
1. Place the station activities into a scientific research context.

• Tell students why scientists conduct tests to find out what X-fish eat.
Will other planned exhibits/stations explain how the students’ investigations fit
into current research questions and practices?

• During the station’s video of the scientist opening the stomach and the
accompanying narrative, or later, when students are asked to examine X-fish
stomach contents, explain how scientists sample stomach contents to determine
what the fish eat to dispel any potential misconceptions about how scientists
conduct their analyses.

• Perhaps students could bring additional stomach content specimens back to their
classrooms for examination and comparison.

2. Allot more time for the most important activities.
Help students focus on and value the role of observation and analysis in conducting a
scientific investigation.

• We recognize that classroom visits to Public Interface are time-limited, and that
this station will be one among a number of activities students will rotate through
during a day’s visit. As the designers, you obviously have tried to allow students
adequate time to complete the series of investigative tasks thoroughly and
thoughtfully, while also keeping students relatively “on time” so all students have
an opportunity to use each station.
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• However, students report and we agree that they need some additional time on
and more focused attention to observing the fish and examining the stomach
contents under the microscope. If these two activities are introduced alone, before
additional evidence examination activities are added, we feel students will focus
their examination of the evidence, and you will need to add only a little “extra”
time for the overall station activity.

• Students requested more time for discussing the evidence and planning their final
video recording of their conclusion.

3. Revise some of the directions. 
Reduce students’ need to attend to multi-step directions to increase student
accessibility and highlight the key activities.

• In accordance with the above point, re-tape the directions where students are
asked to observe the X-fish specimen and examine the stomach contents under the
microscope. Have the narrator focus on these important evidence-gathering
activities alone, allow sufficient time for student observations, and then return
with an explanation of and directions for the next task.

4. Help students use the investigative tools effectively.

• To help students use all the features of the microscope to more closely examine
the stomach contents, place a photo or sketch of the microscope with the focus
and magnification knobs clearly labeled either on the screen or on the platform
beside the microscope.

• Use a container that has a measured grid on its lower surface for the stomach
contents.

• Continue to provide the ruler. Students’ attempts to use the ruler was valuable
and fostered considerable dialogue.

5. Stress the importance of student observation and inquiry.

• Reconsider how or when students are provided with on-screen photos of the
possible food choices as students form their hypotheses, and the ID cards as they
determine their conclusion.

• Retain the video where the scientist opens the fish.

6. Support student teams’ collaboration; consider the structure of student teams

• Group size
We believe three students would be an ideal number for the activity station, as
currently designed. Group size influences the amount of time needed to complete
the station activity, and the level of participation of individual members.

• Team configurations
We asked teachers to structure the student groups relatively homogeneously for
the prototype trial so we could observe groups that excelled in classroom



Formative Evaluation Report        53

Program Evaluation and Research Group

activities as well as those who had to work harder due to difficulties with
comprehension, time management, or information processing. We hoped to be able
to gauge whether the station activities were appropriately designed for 5th /6th

grade students by ensuring that teachers did not assign a “lead” student to each
group to guide the work and ensure “success.”

From our observations of the student teams, as well as our conversations with the
teachers, we suggest that GMRI recommend that this practice of homogeneous
grouping be continued. When grouped with peers that approach their work
similarly, these student teams seemed to be able to share the responsibility for
operating the station and conducting the research rather than acquiesce to an
appointed team leader.

• Gender balance
Teachers arranged most student teams with an equal number of boys and girls. It
would be interesting to explore this further. Do/how do students work differently
if they are asked to work in same-sex teams?

7. Continue to trust in the value of student independence.

• We believe that informal (sometimes referred to as “voluntary”) learning
experiences can be at least as valuable as more formal schooling.

• Continue to value the importance of letting students find out for themselves,
struggle to use scientific tools, leave the experience wondering and curious to learn
more.

• To convince public school participants about the value of a visit to the institute,
identify and disseminate the important goals of a Public Interface visit.

• Guard against teacher interventions that “prepare” students for the visit or any
adult involvement during the visit that “guides” students to the “right” answers.
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APPENDIX A

GULF OF MAINE RESEARCH INSTITUTE
PUBLIC INTERFACE PROGRAM—PROTOTYPE EVALUATION

FEBRUARY 2004

PRE-VISIT SURVEY FOR STUDENTS

Please help us by taking time to fill out this survey.

We would like to know a little about each of you before you come to visit. We are
curious about your experiences and interests both in and out of school. For example:
What science topics interest you? What do you do in your science classes? What do
you already know about different kinds of scientists, and how they do their work?

This isn’t a test! There are no wrong answers! It’s your own ideas that are important.

 Name:                                      School:                                   

 Age:                                     

 Grade Level:  5th  6th 

 Male  Female 

Scientists’ Work

1. Can you describe what you think a scientist does?

2. Based on your experiences, or what you have learned at school, what do you think
marine science is?
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3. Can you describe what the following scientists do?
• A marine biologist?

• An oceanographer?

• A fisheries scientist?

4. Do you think fishermen and scientists ever work together? Yes   No 
• If you said no, why don’t they work together?

• What kinds of common interests do you think fishermen and scientists might
have?

5. Fish, whales, seaweed, crabs and lobsters all live in the ocean.
• In what ways are they important to you?

• In what ways are they important to other people in Maine?

6. Have you heard about the Gulf of Maine?    Yes   No 
• What do you think it is?

• Where do you think it is?



Program Evaluation and Research Group Lesley University: Cambridge, MA

7. As you might have already learned, scientists often use “scientific language”
when they talk to other scientists, and have specific words to describe how they
do their work and what they are studying. Below, we’ve listed some words that
scientists use. For the words you have seen before and are familiar with, can you
write down what you think they mean? Feel free to guess if you are not sure.

• research:

• hypothesis:

• conclusion:

• marine:

• plankton:

• predator:

• prey:

Science Experiences in the Classroom

8. How often do you work with other students to do research or experiments in your
science classes at school?

often         a few times a year         never 

9. Have you ever done an experiment to solve a problem or a question?
Yes     No 

• If yes, can you describe what you did?
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Career Interests
10. Have you ever considered becoming a scientist? Yes   No 

• Why or why not?

11. Have you ever considered becoming a fisherman? Yes   No 
• Why or why not?

Please √ one:

Interests Yes No

12. Are you interested in learning more about things that live in the ocean or in lakes?  

If yes, what would you like to learn more about?

13. Are you interested in learning how scientists study the ocean and things that live
there?

 

14. Are you interested in trying out for yourself what scientists do?  

15. Are you interested in learning how fishermen find and catch fish?  

16. Are you interested in exploring unusual places in the oceans, like the deep sea?  

17. When you are outdoors, do you explore your environment?  

If yes, what do you like to do outdoors?

18. Have you ever gone fishing in a lake?  

19. Have you ever gone fishing at the ocean?  

20. Have you ever visited tide pools at the ocean?  

21. Do you like to use computers at home or at school?  

If yes, what do you like to do?

If not, why not?

Thank you for taking time to answer these questions. See you soon.



Program Evaluation and Research Group Lesley University: Cambridge, MA

APPENDIX B

Gulf of Maine Research Institute:  Public Interface
Interview Protocol for Students

Post-prototype Trial

Thank you for testing out the GMRI’s new prototype : ‘What does the X-fish eat?’
We want to take about 20 minutes to ask you how you thought it worked, and to hear what
recommendations you have to offer the design team. They are very interested in your ideas
about how well this will work for other fifth and sixth grade students, and what you think
they might want to change to make it work better.
I have several questions for you.  I will try to make sure I write down all your ideas.

I. Students’ Reactions [~7 minutes]

1. What were your reactions to this activity?
o What did you like?  [Why?]

 Which parts were fun to do?
o What seemed confusing?
o What was hard to do?
o Did you have enough time to do everything?

[If not, what did you need more time to do?]
 Examine the fish and come up with your hypothesis?
 Record your videos?
 Take the microscope pictures?

o What did you like or dislike about using the technology to do your
scientific investigation?

2. If you did this activity again, is there anything you would do differently?

If time is short, some of these questions may have been apparent from observations.
We can also follow up with teachers about their observations of the group work.

Today, you all had to work together to complete the prototype activity.

3. How do you think you worked as a group?
o What did the group do well together?
o What problems did you run into as you worked together?

 Probe for what was hard to do as a group:
• Reaching consensus?
• How did they handle differences of opinion?
• How well did they share?

 Probe for individual issues within the group.
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II. What students did and learned from the activity [10 minutes]

1. First, can you [briefly] describe what you did, as you tried out the prototype?
o You were asked to develop a ‘hypothesis’ about what the X-fish eat.

What is a hypothesis? Who has used that word before?
o How did you decide on your hypothesis?
o How did you test it out?
o What exactly did you do to solve the question, “What does the X-fish

eat?”
o What did you find out about what the X-fish eat?

2. What other questions do you have about the X-fish?
What else would you like to test out or research?

3 Suppose you are a GMRI scientist, & you want to find out how the X-fish swim.
Can you make a hypothesis about whether you think the X-fish swim in the open
water like tuna, or swim right on the sea bottom like stingrays?

o Why do you think so?
o How would you find out if your hypothesis is correct?

4. What new things did you learn about the way scientists work?
o What helped you to learn this?

5. What [specifically] did you learn today that you could use in the future to help
you solve other problems, or find answers to other science questions?

III. Student recommendations [~3 minutes]

1. What do you think other kids can learn from doing this activity?

2. What suggestions do you have for improving this prototype activity?

IV.  Definitions [if there is time]

In the survey you filled out before you came today, we asked you if you were
familiar with some terms scientists use. Now that you’ve done this activity, did it
give you any new ideas about what these mean?

o Conclusion
o Marine
o Plankton
o Predator
o Prey
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APPENDIX C

Gulf of Maine Research Institute
Public Interface

Maine Teachers’ Interview Protocol: Post-Visit

Background: Who are the kids that participated?
1.  Schools’ student population: demographics

o Geography—rural, urban, ex-urban
o Socio-economics—% free lunch
o Race: disaggregated? % of varied groups
o # of students in class that received supportive services: sp ed, etc.

2.  Science program:  What curriculum materials are schools using?
o Is the program textbook-based ? Do students do investigations regularly?
o How much time/week do students study science?
o At what grade levels do teachers teach science?
o How many years of science have students had by 5th or 6th grade?
o Do you incorporate ocean science topics in your science program?

Pre-visit preparation: student selection and preparation
1. How did you select the groups—what criteria were used?

For Doug:  Why were students from 2 different classrooms?
o Labels, grades, tests, classroom behaviors, interest in or previous classroom work

in science, etc.
2. Discuss groups’ compositions.

o For each group, who was in it, why placed in that group?
o We noticed that almost every group had an even number of girls and boys. Does

the class really break down evenly by gender?  OR did you decide to have groups
that had even distribution of B/G? If so, why?

o If we had not asked for particular group compositions, how might you have
organized groups differently? Why?

3. What special instructions did you give students prior to coming/arrival?
Expectations/rules?

Teachers’ reactions about what students gained from X-fish activity
Have a list of groups, students’ names as we probe.

4. What were your thoughts about your students as you watched them participating in
this experience?

5. What do you think they gained from this experience?
6. More specifically, as you observed your students piloting the prototype:

o How well do you think the groups worked together to solve the mystery?
o How would you describe groups’ and individuals’ interest and/or engagement in

the activity?  [as compared to way see them in classroom?]
o What knowledge did the group or individual students exhibit?

 Ocean sciences, research methods, etc.??
o What skills did the group or individual students exhibit?

 Which of these skills have been your focus this year, or a focus for
the school or district?

• Have students had experience with using microscopes?
• Are they familiar with the concept of scale? I.e. effect of

magnification?
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• Which of the skills required to solve the X-fish mystery did
your students develop through their involvement with GMRI
prototype trial?

7. What new information about your students did this experience reveal to you?
o Provide a concrete description of something you saw and what you learned

from it.

Students’ reactions
8. What have your students said, shared with you, or discussed with other students about

their experience with the prototype activity, either on the way home, or since your
return?

Teachers’ reflections and advice on the GMRI PI prototype
GMRI PI goals for prototype activity were to:

Engage students in the scientific process
Communicate information about current ocean science research
Promote attitudes needed for science inquiry: curiosity, questioning, interest

9. Program Goals:  Which of these goals do you think the prototype activity and the
platform format can achieve, given your students’ knowledge and skills?
• Engagement in the scientific process
• Help them learn about current marine research and findings
• Promote their interest in and curiosity about marine/aquatic  research
• Promote their interest in learning more  [evidence?]
• Promote their interest in science career  [evidence?]

10. Reflections on the design of the activity and the work station/platform and
recommendations for revisions:

o Were the activities and materials age-appropriate?
o Did the program activity match your students’ needs and interests?
o The science content?
o Technology?

11. Can this activity as designed be integrated into and extend students’ classroom
learning? Suggestions?
• What are the challenges to doing so?
• Did the students’ experience with the activity help you achieve  classroom

learning goals for students?  [which ones?]
• How does this activity align with what students are expected to know and be able

to do for the Maine Learning Results? [which ones?]

12. What did you learn from watching the X-fish activity; participating in the prototype
testing?
• About marine science/current marine research?
• Did it suggest any new instructional strategies that might be useful to you?


