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NanoSense: The Basic Sense behind Nanoscience 
 

YEAR 2 FINDINGS 
 

We categorize our observations, conclusions, and recommendations from the second year of 
the NanoSense grant in terms of three main findings: A report by our external evaluator of 
teacher and student reactions to the February 11 NanoSense workshop, our own analysis of 
student reactions to the workshop, and an in-depth analysis of student misconceptions and 
understandings of clear sunscreen concepts. 
 
Finding 1: External Evaluation of Workshop for High School Teachers and Students 

The report written by our evaluator, Ellen Mandinach, is reproduced in its entirety below. In 
this report, Dr. Mandinach outlines the categories she used to approach the formative work, 
describes her observations, and makes recommendations based on these observations.  

 
 
Report on the NanoSense Workshop for High School Teachers and their Students held at 
San Jose State University by External Evaluator, Ellen Mandinach, Center for Children 

and Technology – February, 2005 
 

Evaluation of the NanoSense workshop was conducted by developing and administering 
survey instruments to participating students and teachers [see Exhibits 6 and 7] through 
observations of workshop activities, and by conducting a debriefing session with students at the 
conclusion of the day. It is important to keep in mind that the purpose of this workshop was for 
teachers to try out teaching materials and to obtain formative information from them, as well as 
their students, on the effectiveness of the NanoSense unit. This formative information is being 
fed back to the NanoSense team to help them to determine “what worked”, what did not work so 
well, what engaged the students, and what was confusing. 

SRI solicited by invitation and announcement the workshop to Bay Area teachers. Seven 
teachers, two student teachers, and one Stanford-affiliated person attended, along with 31 high 
school students. The students represented three high schools in Palo Alto: Palo Alto High 
School, Gunn High School, and The Castilleja School (an all-girls private school). Because 
Castilleja is all-girls, the gender distribution was heavily skewed toward females – 26 girls to 5 
boys. There were 5 freshmen, 18 sophomores, 7 juniors, and 1 senior. Other than the two student 
teachers who were moving from industry into education, all of the other teachers were seasoned 
veterans.  

It is important to keep in mind that the students and teachers who attended the workshop are 
not representative of the general population of high school students and teachers. The teachers, 
particularly those who did the presentations at the workshop, are quite gifted and experienced. 
Three of the teachers have had training and experience with nanoscience. They teach a range of 
science courses across middle and high school. The students, other than with the exception of 
perhaps the freshmen, have had extensive exposure to advanced science and mathematics 
courses and are among the elite of students in elite schools. When asked about future plans, all of 
the students reported that they planned to pursue careers in the math and science fields. 
Interestingly, no one reported that they wanted to go into the computer sciences. Also of note 
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was the lack of diversity among the students. There were 12 Asians but not one African 
American or Hispanic student. Clearly, this was a select group of young people. 
 
Categories for Data Collection 

When the classroom observations were conducted in May, 2005 and reported in a prior 
document, the following categories were used to collect formative data: 

 
Student Understanding 
Student Interest and Level of Engagement 
Student Reactions 
Student Individual Differences 
Teacher Knowledge and Needed Level of Knowledge 
Teacher Response 
 Ease of Use and Confusions 
 Misconceptions 
Materials 
 Accuracy 
 Slides 
 Activities 
 Ease of Implementation 
Other Issues 
 Fit in Curriculum and Integration 
 AP versus Traditional Chemistry 
 Other Possibilities 
 

As mentioned above, the purpose of the workshop was to elicit information from teachers 
and students about the materials in terms of potential for learning, points, of confusion, and level 
of engagement. Thus, most of the previously used categories can also be applied to the 
workshop. 
 
Student Understanding 

A number of students expressed a concern that some of the materials were beyond their level 
of understanding. In particular, the guest speaker’s lecture was geared to a knowledge level well 
beyond high school. It was a highly technical and professional-level presentation. Some of the 
activities and lectures also were beyond a stretch for many students, particularly the freshmen. 
One student commented that s/he did not learn much from the workshop while another reported 
that s/he received a good introduction to nanoscience. Students disagreed about the difficulty of 
creating the animation with one student stating that it was too difficult largely because the 
computers were slow, and another reporting that it was fun and educational. One student 
mentioned that it was unclear what were the effects and the purpose. It would have aided 
understanding if these concepts could have been made more explicitly. 

When asked if there were parts of the workshop that were confusing, 17 students said yes, 11 
said sort of, and 3 said no. Most students reported that the guest speaker’s presentation was too 
complex for them to understand. He was far too technical. This was further evidenced by the lack 
of questions by the students. Only the teachers asked him questions. Several students commented 
about a lack of prior knowledge or not having the right science background or courses to 
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understand the materials. They were confused by certain terms and some of the slides. In 
particular, some students mentioned the inorganic/organic distinction and the quantum 
mechanics versus the classical mechanics in the introduction. Different students mentioned 
various specific topics that were confusing: scattering of light by particles, light waves, 
absorption, and sunscreen. 
 
Student Interest and Level of Engagement 

It was clear from observations and the debriefing session that the students much preferred the 
hands-on and interactive activities in which they could be active, rather than passive learners. 
The students showed interest during the demonstration activity and the labs. They also seemed to 
be engaged by having an opportunity to ask the guest speaker questions. They also became much 
more animated once the teachers or presenters opened the floor for questions. There was a 
marked difference in level of engagement between when students were being lectured at versus 
when someone like Alyssa Wise espoused a more interactive mode of presentation. The 
presentation was short, focused, and engaging and the students seemed to respond by getting into 
the content. Despite the passivity of the lectures, most students seemed to be tracking the 
content, as evidenced by their level of responsiveness to questions and the questions they asked 
of the teachers. Similarly, among the labs, the more didactic the activity, the more passive the 
students appeared. 

Students were asked on the survey and in their introductions why they attended the 
workshop. They gave three reasons. Most students wanted to learn about science, nanoscience, 
or nanotechnology. Many expressed an interest in the topic as it relates to the future. Many 
students also reported that their teacher recommended them for the workshop or suggested that it 
would be of relevance or interest to them. 

Most students thought the materials were interesting, despite being difficult. One student 
commented that s/he was so tired that that it was difficult to maintain a level of attention. Despite 
this fact, the student also commented that s/he liked the workshop. Another student commented 
that s/he thought the afternoon lectures were boring, and much preferred the hands-on activities. 
Also students also echoed the sentiment that hands-on activities were more engaging. The 
lectures were perceived as too boring, too difficult, too long, confusing, or irrelevant by some. 
One student commented on the amount of repeated material that diminished the degree to which 
the workshop was interesting. 

Another factor that seemingly affected level of engagement was time of day and the flow of 
activities. Several students noted in the debriefing that the workshop started too early! It took a 
bit of time for the students generally to get into the flow of the workshop, despite their obvious 
engagement with the demonstration materials. There was a discernable low point during the 
lunch speaker and the after lunch lecture. This seemed to be a deadly combination. The students 
were already lost from the guest speaker and then were confronted with another hour of didactic 
presentation. They were in cognitive overload. It was far too much passivity over the course of 
two hours, in combination with post-lunch. The students did, however, seem to perk up once the 
activities returned to the hands-on labs.  

Another indication of student engagement was when workshop organizers asked students to 
write down questions on file cards and submit them. Students used two kinds of cards. Yellow 
cards indicated “aha’s” or ideas. White cards indicated questions and confusions. Students were 
engaged in the task. They readily submitted idea and confusion cards, indicating that they were 
tracking the content and willing to extend themselves beyond the formal workshop activities. 
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Student Reactions 

Students seemingly liked the workshop. They expressed their approval on the evaluation 
forms and in the debriefing. When asked did they like the workshop, 17 of 31 said yes, 12 said 
sort of, and 2 responded somewhere between yes and sort of.  As noted above, students were 
more positive about the hands-on activities than about the lectures. When asked was the 
workshop interesting, 24 students said yes, 5 said sort of, and 2 said yes to sort of. Twenty-two 
students said that the material made them want to learn more about nanoscience, while 6 said 
maybe, 1 said no, and 2 said yes or maybe. 

Most students thought the workshop was a good use of their time: 24 said yes, 6 said sort of, 
and 1 said yes or sort of. About half (17) reported that they would like to take another workshop 
like this, whereas 11 said maybe, 1 said yes or maybe, and 2 did not respond. Fewer reported that 
they thought the content was relevant to their school work: 13 said it was relevant, 2 said yes to 
maybe, 10 said maybe, 1 said maybe to no, 3 said no, and 2 did not respond. 
 
Student Individual Differences 

The one issue that was most clearly articulated was that the freshmen struggled with the 
material. Of the 5 freshmen, 1 young man was quite explicit about how he was completely lost 
throughout the workshop. He articulated that he sort of understood the discussion about gold, but 
all the other topics were beyond his level of comprehension. Although the other freshmen did not 
articulate this problem as vocally, it is clear that students this young do not have sufficient 
preparation to benefit from the NanoSense materials. It is probably safe to say that in order for 
students to understand the materials, they need more than a middle school science background. 

We collected background information on students’ academic preparation. Twenty-one 
students are currently taking chemistry or honors chemistry; 5 are taking biology; 5 are taking 
physics; and 4 are taking biotechnology in addition to their other science course. Eleven students 
are currently taking a math course that combines algebra 2, trigonometry, and statistics; 6 are 
taking calculus; 1 is enrolled in precalculus; 4 are taking algebra 2; 4 are taking algebra 1; 1 is 
taking geometry and another geometry while also enrolled in algebra 1; 1 is in trigonometry; 2 
are in a course called analysis; and 1 student is taking precalculus while also taking algebra 2. 
When asked about prior course taking, 17 students had already taken physics; 8 had taken 
biology 1; 5 had taken chemistry; 1 had general science; and 3 had taken eighth grade science 
(although 2 others should have reported the course but did not). Seven students had taken 
coordinate geometry and matrices; 6 had taken algebra 2, trigonometry, and statistics; 7 had 
taken algebra 1; 10 had taken geometry; 2 had taken algebra 2; 1 precalculus; 1 general math; 1 
middle school math; and 3 students failed to report any prior math courses. Students had fairly 
limited exposure to formal technology courses. Two had taken biotechnology; 1 had taken design 
and technology; 1 had taken Java and C++; 1 had taken drafting; 1 web design; and 1 had taken 
an array of classes that included Flash Photo Animation, web design, and automotive technology. 
 
Teacher Knowledge and Needed Level of Knowledge 

The teachers did a reasonably good job with the presentations. Some content errors were 
noted, however. It is clear that teachers need to be more familiar with the content and have a 
stronger background in order to be able to function effectively in the classroom. 
 
Teacher Response 
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All of the teachers reported that they liked the workshop and all found it interesting. Seven of 
the 10 thought it was well organized and the other 3 thought it was somewhat well organized. 
Nine teachers reported that the content was valuable. When asked about confusions, 3 teachers 
said that there were parts that were confusing, 4 said somewhat, and 3 said no. The confusions 
were about absorption, property change, light refraction, the sequencing of the science, and the 
need for proper introductions to the labs. Nine teachers thought the workshop was a good use of 
their time, but one commented that it was too long and the material would benefit from 
chunking, while another commented that all students should do all activities. Seven teachers plan 
to use the materials; 2 said maybe; and 1 said yes or maybe. The concern was curricular fit. 

When asked about the best part of the workshop and what they would change, a number of 
teachers reported that they really liked the guest speaker, but acknowledged that the presentation 
was way beyond the level of the students and that something more age appropriate would be 
better. They also liked the collegial interactions and the various activities and labs. The teachers 
also indicated that they thought that all students should do all the activities and that the activities 
needed to be broken up into smaller segments. They thought that the students would benefit from 
working in smaller groups. They liked the hands-on activities and reported that less lecturing 
would be better. One teacher mentioned that it would be helpful to have a big question and open 
the discussion with the potential of nanoscience. The teachers gave a range of responses to what 
ideas and topics they would most likely apply. Many thought that the introductory lesson would 
have potential in their classes to provide appropriate background for nanoscience. Others thought 
that the sunscreen, beads, chemistry animation, and light units could be applied. 

Teachers were asked about student understanding and engagement. They thought the students 
were engaged, particularly by the hands-on activities, the labs, and the introduction. They 
perceived that the students were not engaged by the speaker and some of the PowerPoint 
presentations, particularly the science behind sunscreen. Only 5 of the 10 teachers responded to 
the question about sufficiency of student background. Two reported that their students had an 
appropriate background, 2 said somewhat , and 1 said no. Having physics and chemistry would 
be helpful to the students. The teachers also thought that having background materials for 
teachers and students would be helpful. Six of the 7 teachers who responded reported that they 
thought that the students generally understood the materials. However, they also reported that the 
younger students and those without physics or chemistry would have a more difficult time. 

In terms of planning for future workshops, the teachers reported that the big ideas they 
gained from the session included an understanding of the modern applications of 
nanotechnology, particle size, and light scattering. They recommended that the teachers be 
trained before a workshop and know how to run any demonstrations. They also thought that the 
workshop should include more fundamental science, and make the PowerPoint slides less wordy 
and simpler. 
 
Materials 

What students liked best. Students were given the option of identifying various components 
of the workshop – the introductory lesson, the lab activities, the guest speaker, the afternoon 
lesson, the animation activities, or other topics (we won’t discuss the free food here) – and 
providing explanations. Students reported that they liked the animation activities (21) and the lab 
activities (20) the best. Fifteen students liked the introductory lesson and 9 the afternoon lesson. 
Only 8 students mentioned that the speaker was the best part of the day. It was clear from their 
comments that the students preferred active and hands-on activities, rather than passively sitting 
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and listening to lectures. One student commented that the Question and Answer session was the 
best part of the workshop. Many students thought the materials in general were fun, engaging, 
and interesting. 

What students liked least. The students like the guest speak least, with 15 students identifying 
this activity. They thought he was confusing, boring, too technical, and could not understand the 
material he covered. Six students liked the afternoon lesson the least. They reported that it was 
too hard, too boring, and too hard to focus after lunch. Four students each identified the 
introductory lesson or the animation activities what they least liked. For two students, the 
introduction was too early for them to focus and contained too much information. The students 
who did not like the animation activities complained that they were too difficult, not useful, a 
repeat of content, that the computers and program were slow/awkward. 

What students thought was the most important thing they learned. Student responses 
generally fell into two categories – specific topical content and general comments. Sixteen 
students reported that they learned about sunscreens, the difference between organic and 
inorganic sunscreens, and SPF. One student mentioned UV light and another mentioned that gold 
changes color. Fifteen students commented that they learned about the importance of 
nanoscience for the future, its potential benefits, its importance in medicine, and its applications. 

Suggestions for future workshops. Corresponding to the above comments, most students 
recommended that there be more hands-on and interactive activities. Students articulated that 
there simply was too much material in a short period of time and asked about the feasibility of 
breaking things up – shorter days, more breaks, and the like. Some wanted more pictures, better 
computers, and more animation activities. One student wanted to do all the activities rather than 
having to choose among options. Several students commented that there needs to be more and 
better explanations to accompany slides and activities. If there is to be another guest speaker, the 
individual must be more understandable, less technical, and more relevant. 

Accuracy. Some questions arose about the accuracy of some of the comments made by the 
teachers in their presentations of the materials. As the teachers embellished and explained the 
prepared slides and materials, it was obvious in some places that the teachers were treading on 
limited experience and materials. The accuracy issue has more to do with teacher knowledge and 
preparation than about the accuracy of the materials. 

Slides and lab materials. Student responses varied about the slides. Many reported that they 
thought the slides were generally boring while others reported that the material was interesting. 
Almost universally, students preferred the lab materials over the lecture slides. 

Activities. Student responses to the activities were generally positive. They much preferred 
the activities because they provided the opportunity for hands-on and active participation, rather 
than passive learning. One student reported that s/he did not like being forced into making a 
pamphlet while others really enjoyed the activity. The students seemed quite motivated by and 
interested in the hands-on items that were available to handle before the workshop began. Most 
students congregated around the table and examined the items. They also seemed to like having 
the opportunity to ask the guest speaker and nanoscience expert questions. This was in sharp 
contrast to their expressed feeling of being lost by the speaker’s formal presentation.  

Ease of implementation. Teachers had little difficult implementing the lectures, labs, and 
activities. There was some set up time required for the labs. The computers were fairly slow and 
therefore the animation construction activity did not work as smoothly as it might have had faster 
computers been available. 
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Other Issues 
Fit in curriculum and integration. Some students reported seeing little relevance between the 

nanoscience content and what is being taught in their classes. Other students saw nanoscience as 
a topic for the future, an emerging discipline. 

A concern worth mentioning, as in the prior report, is the appropriate place for nanoscience 
in the curriculum. Because it is cross-disciplinary, the fit is not easy. There remains a question of 
prerequisite knowledge. Many of the students in the workshop, with the exception of the 
freshmen, have taken a myriad of science and math courses, yet different students reported holes 
in their knowledge that prevented them from fully understanding the material. Some said they 
needed more biology, other more chemistry or physics. Thus, there is a need to consider how 
nanoscience fits into the curriculum course wise, as well as the needed prior knowledge, and 
developmental status of the students. It is important to keep in mind that the students who 
attended the workshop are not a representative sample of the typical high school science student. 
These students are more advanced, more academically prepared, and probably much higher in 
achievement and intelligence level than the majority of high school students. 
  
 
Finding 2: Our Analysis of the Workshop for High School Teachers and Students 
Student Demographics and Science Background 

31 students from 3 high schools attended the NanoSense Clear Sunscreen workshop on 
February 11, 2006. 16 were from the all-girls Castilleja private school and 15 were from the two 
public high schools in the Palo Alto Unified School District (11 from Palo Alto High School and 
4 from Gunn High school). All 16 of the students from Castelleja were 10th grade girls which 
skewed the student distribution somewhat; there were 18 sophomores compared with 5 
freshman, 7 junior and 1 senior and 26 girls compared with 5 boys as shown in Chart 1. 
 
Chart 1: Student Demographics 

Grade Level School Gender 

9th  5 Gunn 4 Female 26 
10th  18 Castilleja 16 Male 5 
11th  7 Palo Alto 11   
12th  1       

 
The science background of the students was similarly slanted as shown in Chart 2. All 16 of 

the Castilleja students were are currently in Chemistry class, having completed Physics in 9th 
grade. The only other students who had a Physics background were the 4 juniors from Palo Alto 
HS and the one senior from Gunn HS, leaving 10 students without any Physics background at all. 
All students except for the 5 freshmen from Palo Alto had taken or were currently taking 
Chemistry and all 15 students from Palo Alto and Gunn HS had taken or were currently Biology. 
None of the Castilleja students had taken Biology. Though biology does play a role in the 
sunscreen unit, chemistry and physics were the core disciplines drawn upon, and thus with the 
exclusion of the 5 freshman, most students had the background in coursework that we were 
designing for. It should be noted however that these were a group of high achieving students in 
high achieving schools and thus the average student with a similar coursework background might 
not be as well prepared. 
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Chart 2: Science Class Progression and Number of Students in Each Class 

 9th 10th 11th 12th 
Castilleja Physics Chem     

    16     
Gunn Gen Sci Bio Chem Physics 

      3 1 
Palo Alto Bio Chem Physics   

  5 2 4   
 
Motivation for Attending the Workshop 

When asked why they came to the workshop, 29 out of 31 students gave an answer related to 
being interested in the topic and wanting to learn. Of these 29, 17 mentioned being specifically 
interested in learning about nanoscience or nanotechnology, with answers being split almost 
equally between the two terms. This motivation seemed to stem from two sources: one a love of 
science (mentioned by 2 of these 17 students as well as by 2 other students) and two, an interest 
in new things (mentioned by 1 of the 17 students plus 2 others). Finally the remaining 8 of these 
17 students said that the workshop sounded interesting or cool and something they wanted to 
learn about, but were not specific as to what about the workshop attracted them. There seems to 
be an overwhelming feeling that nanoscience is a field primarily concerned with applications as 
opposed to creating a greater fundamental understanding of matter. A greater emphasis on the 
fact that many of these applications are only possible because of a greater understanding (though 
we can still manipulate matter with an incomplete understanding) would be valuable. 

10 students mentioned their science teacher among their reasons for coming, which was not 
surprising given that these science teachers were our primary mechanism for recruiting students. 
It is difficult to distinguish between these science teachers being how students learned about the 
workshop as opposed to their motivation for coming (we heard afterwards that one teacher 
offered her students extra credit for attending), but given that all but 2 students mentioned some 
interest or desire to learn in addition to their teacher as their reason for coming, we feel confident 
that most students attended because they wanted to do so. This is noteworthy since this may not 
be the case when the materials are used in traditional classroom situations. 
 
Overall Student Reactions 

Overall, students liked the workshop, found it interesting and a good use of their time and 
said that it made them want to learn more about the topics studied. A breakdown of student 
responses to these questions is shown in Chart 3. While many students had comments on how to 
improve the workshop, which will be discussed shortly, it is noteworthy that no students replied 
in the negative to any of these questions. It is also noteworthy that despite the high science 
content of the workshop, less than half of the students saw the workshop as relevant to what they 
are learning in school. It was unclear whether students felt that this topic was unconnected to 
what they are currently working on in science class or to science class in general, however 
regardless it would be valuable to tap into more topics that are currently covered in the 
curriculum to highlight this connection for students. After the workshop, one teacher noted that 
this result was not surprising since nanoscience topics are notably absent in most high school 
science curricula. She felt that a more important question would be whether students see 
nanoscience as relevant to their lives (current and future). 
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Chart 3: Summary of Student Reactions 
 Yes Yes / Sort of Sort of Sort of / No No No Response 
Did you like 
workshop? 17 2 12 0 0 0 
Was it interesting? 23 2 5 0 0 1 
Good use of time? 24 1 6 0 0 0 
 Yes Yes / Maybe Maybe Maybe / No No No Response 
Want to learn more? 22 2 6 0 0 1 
Take another? 17 1 11 0 0 2 
Relevant to school? 13 2 10 1 3 2 

 
In discussing what parts they liked best and least about the workshop, students clearly 

favored the hands-on lab and animation activities as shown in Chart 4. The primary reason given 
for this choice was the chance “to get to do something” (9 students) with additional reasons 
citing “more engaging” (3 students) and “gave me a chance to solidify my knowledge” (3 
students) as secondary reasons. While several students commented that the lectures were boring 
or confusing, as Chart 4 shows, a significant portion of the students enjoyed them saying that 
they helped them understand topic. Part (but certainly not all) of the problem for the afternoon 
lecture (the primary sunscreen lecture) was its position directly following another lecture—the 
guest lecture that most students had difficulty understanding. When the sunscreen lecture began, 
many students were still confused and tired from having sat through the guest lecture. This 
suggests that students would enjoy the lectures more if they were made to be shorter and more 
interspersed with activities. As one student put it “[The lab and animation activities] were the 
most interactive and interesting, but they wouldn't have been if I hadn't had the lectures.” Related 
to this, several students mentioned not understanding the connection between the activities and 
lectures. Better integrating these elements may also help student response to the lectures. 
 
 
Chart 4: Most and Least Favorite Parts of the Workshop 

  Like Most? Like Least? 
Introductory Lesson 15 4 
Lab Activities 20 1 
Guest Speaker 8 15 
Afternoon Lesson 10 6 
Animation Activities 22 4 
Note: Students could select multiple items for each category, 
thus totals will exceed 31. 

 
Other general comments from students suggested that the workshop was too long and had too 

much content to learn all at once. A workshop format that breaks up the content into several 
days, giving students time to “digest” the material would facilitate this, as would the standard 
format for an in-class or after-school implementation. Based on this and the previous comments 
about activities we are revising the unit into period long chunks that each contains a connected 
lecture and activity portion. 

 
Student Reaction to Specific Workshop Sections 

UV Bead Lab. Two main issues arose with the UV Bead Lab. First, the introduction was 
drawn out and too didactic. This happened because the lab was positioned early in the unit before 
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students had the lecture about different wavelengths of UV light. As part of the planned 
reorganization of the unit, we will be moving these sections from the main lecture to be a shorter 
lecture that introduces the lab, hopefully reducing the lag time in starting the lab. The second 
issue was that students did not understand the results of the lab and found them inconclusive. As 
one student put it, they needed the teacher to “explain what it means to not get a pattern”. This 
indicates a need to provide a greater teacher explanation about why a pattern should or should 
not appear and whether a non-pattern indicates a lack of relationship between variables or a need 
for more data. These issues are currently included in the teacher’s guide, but clearly need to be 
emphasized more. One reason the lack of pattern was such a problem was due to a lack of variety 
in the opacity of substances (most substances tested were opaque, white sunscreens). The few 
non-opaque substances available for the lab were not used by students, indicating a lack of 
understanding of what kinds of things they would need to test to answer the research question. 
This relates to the lack of explanation of what a non-pattern would mean discussed above. We 
are revising this lab in two ways to address these issues: one, the group of substances to test will 
be varied to include many more non-sunscreen products (this will involve shifting the focus of 
the lab some) and two, the meaning of non-patterns will be emphasized to both teachers and 
students. 

Sunscreen Label Activity. For the sunscreen label activity, several students felt that it was not 
“hands on” enough and that they were not sure what they learned by looking at sunscreen labels 
besides the long names of the ingredients. We are planning to shorten and reconceptualize this 
activity in the context of exploring the differences between organic and inorganic chemicals (as 
discussed in the “confusions” section below). 

Science Behind the Sunscreen Lecture. The primary complaints about the sunscreen lecture 
were that it was confusing or boring. Students indicated that more visuals, clearer explanations 
and more interaction in the lecture itself would have been valuable. As one student put it “make 
it more of a classroom environment so people can as questions during the lectures so it’s more 
like class.” This raises an important issue about the workshop: because of the unanticipated large 
number of participants and because many students and teacher did not know each other 
beforehand, there was a general lack of “community” feeling to the workshop. By “community” 
we refer to sense of cohesion and give-and-take that is normally present in a classroom. We 
suspect that this was a strong contributing factor to the teachers’ very didactic lecturing in 
conjunction with the novelty and difficulty of the material being presented. In the one case when 
a lecturer did try to engage the students in a dialogue, it was very successful and several teachers 
at the workshop had the experience of being asked questions about the material “on the side”. 
This indicates that a great deal of student confusion (and possibly) boredom could be alleviated 
simply by conducting the “lectures” in a more participatory mode. However, this is easier said 
than done and the PowerPoint slides were in fact prepared to guide a class discussion, not to be 
presented as a lecture. The slide notes already contain a great number of “student discussion 
questions”, none of which were used by the teachers and an explanation in the lesson plan to use 
them in this way. While we do plan to restructure the slides somewhat, dedicating whole slides to 
the discussion questions throughout the presentation, we do not feel that materials revision alone 
can address the issue of teacher pedagogy. Increasing teachers’ comfort level with the material 
and encouraging an interactive lecturing mode is something we plan to address in our future 
teacher workshops. The issue of the balance between text and visuals in the slides is a related 
issue we have struggled with. As with the student discussion questions, we have found that the 
explanations in the teacher’s notes often are not used in the moment leading teachers to 
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“improve” based on the slide itself. Having witnessed teachers improve incorrect explanations on 
multiple occasions, we a reluctant to remove too much text from the slides, leading to further 
misinformation, however we acknowledge that for students, more visuals would be helpful. This 
is a tension we continue to struggle with. 

Animation Activities. Most students reported enjoying the animation activities however 
several students reported difficulties with the animation program or that they needed more time 
to complete their animations. This strict time limit on the animations was an artificial constraint 
of the workshop format that we were aware of ahead of time. Given that only 2 students reported 
problems with the program itself, and that the program has been used successfully in multiple 
other implementations, we do not see a need to make revisions to it. One other comment that 
several students made was that they did not see the relevance of the animation project to the 
principles behind clear sunscreen. One reason for this is that the animation project currently 
centers only on visible light (why nanosunscreen is clear). This caused a lot of confusion for 
students who were expecting to deal with the blocking of UV rays (this was not originally done 
because of the multiple factors that influence whether an absorption or scattering mechanism is 
responsible for the blocking in a specific application). We plan to address this issue in two ways: 
one, we will expand the explanatory section in the PowerPoint about how and why objects 
appear different colors to our eyes (this will actually be broken off as a separate presentation); 
two, we plan to add UV rays to the animation project as a mix of absorption and scattering. 
 
Student Confusions 

Most students indicated that at least some parts of the workshop were confusing for them as 
shown in Chart 5. A common comment was that the presentation needed to be clearer and 
simpler in order for students to follow.  
 
 
Chart 5: Summary of Student Reactions Re Confusions 
 Yes Yes / Sort of Sort of Sort of / No No No Response 
Were parts of the 
workshop confusing? 17 0 11 0 3 0 

 
Apart from the guest speaker, who talked above the students heads in many ways, student 

comments about confusions fell into three categories: confusions about the different kinds of 
sunscreen ingredients, confusions about the nature of light and how it interacts with matter 
(general principles), and confusions about how the sunscreens specifically interacted with light. 
The specific issues that students had trouble with in each category are shown in Chart 6.  In 
addition, it was mentioned that there was terminology used that the students were not familiar 
with, indicating a need to include a glossary or explanations of terms as they are introduced. 
 

 
Chart 6: Summary of Student Confusions 
Sunscreen Ingredients & the differences between them  

Sunscreens & the differences between them 

Differences between organic and inorganic ingredients and which are which 

Light Basics and Interaction w/ Matter 

Light waves 
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Band gap absorption 

Scattering of light by particles 

How sunscreens interact with light 

Whether organic/inorganic absorb or scatter or both 

Why Visible & UV interact differently w/ clear sunscreen  
(why does one but not the other get through) 

 
Conclusions 

This workshop piloted the NanoSense Clear Sunscreen unit using a group of high achieving 
students with a strong interest in science. Overall students liked the workshop, found it 
interesting and a good use of their time and said it made them want to learn more about the 
topics studied. Students favored the more “hands-on” and interactive activities and wanted the 
lectures to be more interactive and connected to the activities. In addition, students felt that there 
was a very large amount of new content to learn in such a short time and that it would be better 
to break the content up more. These general takeaways, in addition to students’ responses about 
specific activities, are being used to revise the unit (see Exhibit 8). 
 
Finding 3: Student Misconceptions and Understandings of Clear Sunscreen Concepts  
Guiding Questions for Analysis 

This analysis of student work from the workshop attempts to answer the following two 
questions: 

 
1. What kinds of understandings of clear sunscreen concepts did students develop as a result 

of participating in the workshop? 
2. What are prominent student misconceptions / areas of difficulty related to clear sunscreen 

concepts? 
 

Data sources to answer these questions came from 4 main sources, discussed below: 
 

1. Initial Ideas. This worksheet asked students to write down their ideas about 
nanosunscreens before the unit began and to rate their certainty in these ideas. 

2. Student Notecards. Students were given blank index cards to write down their questions 
and “aha” moments during the course of the workshop. 

3. Student Artifacts. During the course of the workshop students filled out a lab worksheet, a 
reflection worksheet for the lecture and created either a scattering animation or a 
pamphlet informing consumers about nanosunscreens. 

4. Final Explanation. After the workshop was over, students were asked to respond to two 
new questions about how nanosunscreens work. 

 
Initial Ideas 

For the initial ideas section, students were asked three questions; one about nano-sunscreen 
differ from traditional sunscreens, one about what is the best kind of sunscreen to use and why 
and one about whether nanoproducts should have special regulations associated with them. 
Students’ answers to the first two questions were rated on a four-point scale as shown below (the 
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third question was primarily a value/opinion question and thus was not rated for scientific 
understanding.)  
 

Chart 7: Rubric for Scoring Student Responses 
1 
No Understanding 

2 
Limited 
Understanding 

3 
Basic 
Understanding 

4 
Solid 
Understanding 

Comments are 
absent or 
irrelevant. 
 

Comments use some 
relevant terminology 
but many assertions 
are inaccurate or 
incomplete. 

Comments use 
relevant terminology 
and are mostly 
accurate, but the 
overall explanation is 
incomplete or 
contains some 
inaccurate 
statements. 

Comments use 
relevant terminology 
to provide an 
accurate and 
thorough explanation 
of the scientific 
concepts. 

  
For questions one and two, the depth of understanding of the pertinent science concepts (bold 

headings) is inferred based on the observable descriptors described below each heading. 
 

Question 1: How “nano-sunscreens” differ from traditional sunscreens? 
 
For this question, 25 students gave answers that were scored as a “1”. Among these, the most 

common answers were that “nanosunscreens have smaller particles” mentioned by 17 students 
and that nanosunscreens are “better”, mentioned by 13 students. Such answers were marked as 
“1” because they referenced the general claim that nano indicates small and good and not any 
specific understanding of the science of the sunscreens per se. The six answers scored as a “2” 
discussed some element of how nanosunscreens “interacted differently with light”; in addition, 

one student mentioned that they have a 
different chemical structure – this is true 
when compared with organic 
sunscreens, but not when compared with 
traditional inorganic sunscreens. One 
misconception mentioned by several 
students was that the small size of the 
nanosunscreens allowed them to cover 
more skin surface or “get into smaller 
places” where traditional sunscreens 
couldn’t go. It is also noteworthy that 
only one student mentioned the 
smallness of the sunscreen particles in 
the context of the delivery vehicle. 

 
Overall students came to the unit with few well-formed ideas about nanosunscreens. They 

also seemed to have few well-formed ideas about the nature and function of sunscreens in 
general. A greater introduction to the basics of sunscreens (suspended particles that “block” 
(absorb or scatter) different types of sun rays) would be a valuable addition to the unit. In 
reference to the notion that nanosunscreens worked better by “getting into smaller places”, it is 

"How do nanosunscreen differ?" Initial Ideas
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interesting that students reverted to this “small stuff behaves the same as large stuff but is 
smaller” view after just completing a introductory unit on how things often “behave differently” 
at the nanoscale. Clearly this is a concept that students may accept easily, but takes longer to be 
internalized. 

 
Question 2: What is the best kind of sunscreen to use and why? 
 
Students seemed to have more familiarity with the qualities to look for in a sunscreen. Only 

eight students gave answers scored as “1” indicating no understanding of the factors involved. Of 
the 19 students whose answers were scored as a “2”, all made mention of the importance of SPF 

and many added other concerns such as 
being waterproof and non-allergenic. In 
addition, four of these students mentioned 
that it was important to have “broadband” 
protection, but did not clarify what this 
meant. The four students whose answers 
were marked as a “3” brought in mention 
of the different kinds of light involved, 
either referring to the need to block both 
UVA and UVB or a “broad range of 
wavelengths.” 

It was interesting to see the extent to 
which students focused on “practical” 
qualities of sunscreens. For most 

students, the only factor mentioned which directly relates to blocking ability is the SPF and in 
class discussion and observations revealed that even though most students knew that SPF was 
important, few knew what it actually meant and referred to (number of times longer you can stay 
in the sun without burning, only refers to UVB, not UVA protection.)  

The greatest misconception seen in the initial ideas was the notion that nanosunscreens 
worked better by providing better coverage. This fits with the overall idea of sunscreen as a 
single “thing” whose protection ability depends on its “strength” (represented by the SPF rating) 
and “coverage”. 
 
Student Notecards 

As part of our data gathering strategy during the workshop we handed out two kinds of index 
cards to students. White cards were for them to write down things they found confusing or had 
questions about during the workshop and yellow cards were for sharing “light bulb” or “aha” 
moments. Students were asked to fill out the cards at any point during the workshop and cards 
were collected at the end of each activity.  

We received a total of 32 question cards and 11 idea cards over the course of the workshop 
and cards often had more than one idea or question on them. The questions and ideas were 
compiled and broken into categories with redundant ideas condensed. Most questions and 
comments were mentioned by only one or two students, but several questions were asked 
repeatedly; these questions are denoted by an * in the lists below. Some student comments 
indicated a misunderstanding; these are denoted by a † in the lists below. 

"What is the best kind of sunscreen?" 
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Question cards. The majority of questions asked had to do with the first lesson, the 
introduction to nanoscience. It is tempting to think that this occurred because this was the first 
lesson of the day and occurred right after students were given the note cards and explanation of 
them, however since only four of the eleven “idea” cards (discussed in the next section) related 
to the this lesson, this is unlikely. Instead, we suggest that since the first lesson had short 
descriptions of many nanoscience applications (as opposed to the in-depth treatment of a single 
topic for sunscreen) students were left with many unanswered questions. This makes sense given 
that most questions for this lesson were not “I didn’t understand X” kinds of questions, but 
asking about things not covered in the presentation. This gives us some good ideas about where 
to expand and elaborate in the presentation. Students seemed most interested in learning about 
the biomedical application of nanogold and nanorobots; these might be topics for further 
development in the future. 

For the sunscreen lesson, there were fewer student questions. These questions were not asked 
as questions per se, but listed as topic areas that students did not understand. Unfortunately, these 
comments were relatively broad and thus only give a general idea about what changes to the unit 
need to be made. The general lack of questions about the guest speaker’s presentation is 
presumed to be due to the fact that the talk was far enough above the students’ heads that they 
could not (and potentially did not want to) formulate meaningful questions. 
 
Question Card Topic: Introduction to Nanoscience 
General 

• Does matter naturally aggregate into bulk substances?  
• How do we separate matter into nanosized particles and prevent them from coming 

together?* 
• How do you make nano-sized things if you can’t see them?* 

Nanotechnology in Society 
• Where does most nanoscience research take place? 
• What are current uses of nanoscience being actually used today?* 
• How can nanotechnology be used in science advancements? 
• What are some complications / disadvantages of nanotechnology?* 

Gold 
• Why is gold used (in the body, in general)? * 
• Does it have specific properties that make it particularly useful in nanoscience? 
• How do you target and coat a virus in someone’s body?* 
• How would putting gold around cells stop AIDS and why? 
• Why does the gold change color / react to light differently according to its size? 

Robots 
• How do you make nano-robots? 
• How would you control the behavior of nano-robots?* 
• Would you feel the nanorobots inside of you? What are the side effects? 
• Do nano-robots live inside the body or do they dissolve into our systems? How would 

you get them out? 
Other Applications 

• How does the high-powered microscope really work? 
• How did they change metals to liquids (ferrofluid)? 
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• How come on the nanoscale there is no longer a boiling point? 
• How do they make the (microscope) probes? 
• Quantum Dots 
• Neuron growing on a silicon chip 
• Quantum mechanics versus classical mechanics 

 
Question Card Topic: Clear Sunscreen 

• Wave activity 
• Absorption spectrum 
• Inorganic versus organic compounds* 
• In the sunscreen lab, was there supposed to be a specific pattern in the data? 
• Band gap absorption 
 

Question Card Topic: Guest Speaker 
• Multiplexing 
 

 
Understandings & Interesting Things Cards 

Students had two main types of comments they put on the “light bulb” cards. They either 
listed the things they found interesting, or listed the principles they felt they understood. Which 
of these two categories they were referring to was generally indicated on the cards themselves. 

For the Introduction to Nanoscience lesson, students felt that many of the applications were 
interesting, but listed few understandings. For the Clear Sunscreen lessons, the situation was 
reversed; students listed a great deal of things they understood, but only three comments referred 
to things being “interesting” per se. It is not surprising that there were fewer “interesting” 
comments given that the sunscreen lessons dealt with one topic in depth; however it does 
indicate that it might be helpful to “jazz up” the sunscreen unit a bit. In terms of understandings, 
all but four comments were consistent with an accurate view of the topic. The greatest 
confusions were seen in the scattering and absorption blocking mechanisms and the distinction 
between organic and inorganic ingredients. This reinforces data from workshop observations and 
student surveys. In addition, one student seemed thoroughly confused about the process of 
molecular absorption indicating a need for more clarity in this explanation. 

 
Understandings: Introduction to Nanoscience 

• Nano changes properties 
• No boiling point in nano b/c no pressure 
• Less gravitational force, electromagnetic force dominates 
• Gold fixes everything ( †not exactly, if taken literally) 
 

Interesting Things: Introduction to Nanoscience 
• Nanorobots – break up kidney stones, clear plaque from blood vessels, ferry drugs to 

tumor cells 
• Careers / current projects with nanotechnology (the whole intro was interesting) 
• Hybrid Neuroelectronics 
• Quantum dots glow in UV light – can detect tumors 
• Growing cardiac muscle tissue 
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• Nanocoating – cover virus protein with gold for instance 
• It is very cool that when gold is broken into tiny parts that the color is different 
• You cannot “boil” a small number of atoms! 
• Electromagnetic forces are more dominant than gravitational forces at the nanoscale 
• Stain resistant cloth 
• Paint on solar cells - sounds good but would it path enough energy?* 
• Wow! A DVD with 1 million movies* and early cancer detection 
• Impeding infections, self-cleaning windows 

 
Understandings: Clear Sunscreen 
General Light-Matter Interactions  

• Small particles absorb light, but scatter light differently 
• Light refraction 
• Light scattering is multiple refraction; light hits the molecules and gets refracted twice 
• Light is a form of electromagnetic energy 
• Energy = Planck’s constant  frequency 
• Absorption spectrum is the opposite of emission spectrum 
• Molecule’s atoms individually do their jumps…photons with a range of atoms are 

absorbed (†confusion of concepts) 
• Energy “bands” 
• Maximum scattering occurs when the size of the particle is about half the wavelength of 

light 
General Sun and Sunscreen 

• SPF only refers to UVB* 
• If you have an SPF 10 and can normally stay in the sun for 10 minutes before burning, 

you can now sty in the sun for 100 min 
• Of the total radiant energy emitted by the sun, 43% is visible, 49% is IR, 7% is UV and 

<1% x-rays, gamma and radio waves 
• UV spectrum has 3 parts: UVB = sunburn causing rays, UVC = rays with higher 

frequencies and UVA 
• UVA penetrates skin the most, UVC penetrates the least 

UV Blocking 
• Most organic sunscreens are strong UVB absorbers but weak UVA absorbers ZnO and 

Ti02 absorb UV lights and scatter it too 
• Absorption of ZnO is effective until a certain point 
• Smaller ZnO particles scatter UV better (†misconception) 
• Inorganic block UV light by scattering it (†only partially true) 
• ZnO and TiO2 absorb UV light (†only partially true) 
• Sunscreen blocks UV light by absorbing it (†only partially true) 

Appearance of Sunscreen 
• Scattering occurs when particle size is 200-350 nm; if you make the particles smaller, 

then they look clear because less visible light is scattered 
• Traditional inorganic compounds look white 
• When sunscreen looks white, all visible light bounces back 
• If sunscreen particles are <250-300 nm, you can make clear sunscreen b/c it won’t scatter 

light in the visible range (sunscreen appears white b/c the particles scatter the light) 
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Interesting Things: Clear Sunscreen 

• UVA rays penetrate the skin more than UVB even though they are lower energy 
• Absorption spectrum versus emission spectrum 
• Sunscreen scatters (bends) UV light 
 

 
Student Artifacts 

The first three student artifacts discussed are worksheets. For these artifacts, student work 
was reviewed as a whole and the most salient questions (those that asked core conceptual 
questions as opposed to descriptive questions and had a high response rate) were chosen for 
analysis. The final two student artifacts were the products of student projects and for these 
artifacts each student product is described and then group is analyzed collectively highlight 
common student understandings and misconceptions. 

 
Sunscreen Ingredient Lab Worksheets 

Sixteen students participated in this lab in which students were asked to examine the 
ingredients list for several different sunscreens. For this lab two questions were analyzed in 
depth: one asking students to think about why sunscreens might have more than one active 
ingredient and one asking students for their prior knowledge about UVA and UVB light and the 
meaning of the SPF number. In addition, students were asked to reflect on the two essential 
questions that were raised in the initial ideas activity. 
 

Question 1: Why do you think that sunscreens have more than one active ingredient? 
Why can’t they just put in more of the “best” one? 

 
For this question, most of the students (14 out of 16) correctly hypothesized that sunscreens 

had more than one active ingredient because the different ingredients “did different things” or 
were useful “in different conditions” however only two students mentioned that the “different 
thing” was related to blocking different wavelengths of light. Several students mentioned 
“waterproofing” as a function that one of the ingredients might serve (this is incorrect since this 
would be a function of an inactive ingredient) and one student mentioned that different 
ingredients could block against “UVA, UVB and SPF.” Four students alluded to the idea that 
there might be some sort of an interaction between the ingredients that would lead to enhanced 
protection, with one of these students specifically mentioning reactions between ingredients as 
being important. Two other students mentioned vaguely that the ingredients “worked together” 
but it was unclear if they were referring to an addition effective or reactions between ingredients. 

Overall, students produced reasonable and expected hypothesis about why sunscreens have 
more than one ingredient. Student responses indicated a lower familiarity with the idea of active 
versus inactive ingredients and the meaning of “SPF” – a brief discussion of these at the 
beginning of the lab could improve student comprehension. In addition the question of if the 
different sunscreen ingredients produce a greater than additive effect could be brought up later in 
the unit as a check to see if students understand the underlying scattering and absorption 
mechanisms. 
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Question 2: based on your prior knowledge, what is the different between UVA and 
UVB protection? Is one more important than the other? Which one does the SPF 
measure? 

 
This question had a very strange set of answers; 6 of the 16 students referred to the difference 

between UVA and UVB as the difference between alpha and beta particles (one student also 
mentioned gamma rays) and went on to talk about properties related to these particles. It is 
unclear where this idea came from, since there is no mention of this (incorrect) idea in any of the 
unit materials. It is presumed that one of the students had the idea that these concepts were 
connected and was very vocal about sharing and convincing their classmates that they were 
correct, however it is disturbing that given the high teacher presence during the workshop and 
the subsequent discussion of the worksheet that this misconception was not addressed. While 
puzzling, the happenstance nature of this occurrence does not seem to require changes to the 
materials. 

Of the remaining 10 students in the group, 5 identified UVA and UVB as different 
wavelengths of UV light and two identified UVA and UVB as two different kinds of blocking 
that protect against different types of UV light. It is possible that this misconception came from 
the wording of the question, which will be revised – but this is also something to watch out for. 
In answering the part of the question related to the relative importance of blocking UVA and 
UVB light, students unequivocally chose one or the other. While in many cases students did 
acknowledge the different effects and time frame of effects for the different types of UV light, it 
is important to emphasize the need and ability to protect against both kinds of UV light. Of the 
students who mentioned SPF, seven correctly stated that is measured UVB blocking and one 
student said “SPF measures UVA?”. 
 

Reflection Question 1: What did you learn in this activity to help you answer the 
question “How do ‘nano-sunscreens’ differ from traditional sunscreens? How are 
they the same?” 

 
The most interesting thing about student answers to this question was that many students 

focused on how they knew if a sunscreen was a nanosunscreen, generally indicating that the 
presence of ZnO or TiO2 and a clear appearance were the key factors. One student also 
mentioned the importance of the particles in the sunscreens and another pointed out that 
nanosunscreens use the same substances, just in smaller particles; two students noted that 
sunscreens were “more complicated” than they had thought. Taken together, these comments 
indicate the need for a more basic line of questioning about what sunscreens are (a colloidal 
suspension of active ingredient particles) and more precision about the components to which the 
“nano” language is applied (the size of certain active ingredient particles).  
 

Reflection Question 2: What did you learn in this activity to help you answer the 
question “What is the best kind of sunscreen to use and why?” 

 
Eight of the 14 students who answered this question mentioned high SPF as an important 

quality of a sunscreen, seven pointed to dual UVA/UVB protections and four mentioned 
“broadband protection.” Two of the students who mentioned broadband protection had also 
mentioned UVA/UVB protection, indicating a lack of deep understanding as to what these terms 
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mean. This would be an important question to ask towards the end of the unit to check student 
understanding. 

 
UV Bead Lab Worksheets  

Fifteen students participated in this lab in which they were asked to test a variety of 
substances for opacity and UV blocking ability to determine if there is a relationship between the 
two properties. Unfortunately, most students only filled out the hypothesis, data, and analysis 
sections of the worksheet, leaving most to all of the concluding thought questions blank. Thus 
analysis of student artifacts from this activity is limited. 

The hypothesis given were mixed with seven students predicting that more opaque 
substances would be better UV blockers, six student expecting UV blocking ability not to be 
strongly related to opacity, and two students predicted that the transparent substances would be 
better blockers (the reasonable rationale given was that if the particles are very small, the 
sunscreen would appear relatively transparent and the more small particles that can be jammed 
in, the more light will be blocked). This suggests a reasonable experimental question without an 
obvious answer. 

Despite some problems of restrictions of range, most students arrived at an answer close to 
the actual relationship between opacity and UV blocking, (no relationship) but few were satisfied 
with this answer. Students seemed to be frustrated that there was no clear “pattern” in the data. 
This raises the issue of how to make this result more “exciting” for students. One possibility 
might be to couch the problem in a scenario that assumes the opposite – for example how well 
does a new white t-shirt block UV rays? Do we need to wear sunscreen under our shirts? 

Several groups of students in the lab had their one data point for the transparent substance 
happen to fall at a lower blocking score than all of their opaque substances and 
unproblematically drew the conclusion that this indicated a pattern, despite the fact that there 
was only one point away from a large clump of points (i.e. no real pattern). The importance of 
having multiple points to create a pattern needs to be further emphasized either through the lab 
questions or instructions. 

 
Reflections on the Science behind the Sunscreen Lecture and Discussion 

All 31 students participated in the Science behind the Sunscreen Lecture and Discussion. For 
this activity, two teachers presented a set of prepared PowerPoint slides detailing the scientific 
concepts behind the blocking and appearance of nanoparticle sunscreen ingredients. Though the 
activity was designed to be an interactive discussion, what occurred during the workshop was 
very teacher driven. At the end of the lecture, students were asked to reflect on the two essential 
questions that were raised in the initial ideas activity. 
 

Reflection Question: What did you learn in this activity to help you answer the 
question “How do ‘nano-sunscreens’ differ from traditional sunscreens? How are 
they the same?” 

 
In comparison to their relatively sparse initial ideas about this question, after the science 

lecture, students had much more to say. Fourteen students mentioned that nanosunscreens were 
inorganic as compared to many of the organic sunscreens currently on the market and eleven 
students described how nanosunscreens were better than traditional sunscreens because they 
were able to block a greater range of the UV spectrum (both UVB and UVA wavelengths); an 



Schank, SRI International  NSF-IMD Grant #0426319 
 

21 

additional six students commented that nanosunscreens were “better blockers” but did not 
elaborate as to why this was the case. Surprisingly, only five students mentioned that 
nanosunscreens were clear, but since the majority of the organic sunscreens the students are 
accustomed to rub in clear, perhaps this was not as salient a difference to them. 

While on the whole students did well describing the improved blocking of the 
nanosunscreens, they displayed a great deal of difficulty and confusion about the underlying 
blocking mechanisms. Fourteen students mentioned scattering and / or absorption in their 
answer, but only eight of these referred to these mechanisms accurately; six used the concepts 
incorrectly, for example relating more scattering to transparency or stating that nanoparticles 
only scattered or only absorbed. Of the eight answers that used the concepts correctly, only one 
mentioned the downshift in maximum scattering wavelength when the particle size was reduced; 
no students specifically mentioned band gap absorption. 
 

Reflection Question: What did you learn in this activity to help you answer the 
question “What is the best kind of sunscreen to use and why?” 

 
Interestingly students answered this question on two different levels. Many students gave a 

“macro” answer indicating that the best sunscreens are “nanosunscreens” (15 students), 
sunscreens with “small particles” (3 students) or “inorganics” (11 students). At the same time 
some student gave a “micro” answer choosing to list the series of features that the “best” 
sunscreen would have (6 students) and several students supported their “macro” answer with 
“micro” reasons (18 students). Interestingly, only two students mentioned the SPF of a sunscreen 
(compared with 19 who gave this answer as their initial idea in an earlier activity). 

Of the “micro” answers or reasons given, most students cited protection from a larger portion 
of the UV spectrum (19 students) and a clear appearance (11 students) while fewer students 
mentioned “good UV scattering” (5 students) and “no allergic reactions (3 students). These 
answers seem to indicate that students assimilated the idea that it was important to block many 
different wavelengths of UV light, but did not integrate this idea with their previous ideas about 
the importance of SPF. Future revisions to the unit will explicitly try to help students make this 
connection. In addition, the lack of answers refereeing to blocking mechanisms in general (and 
band gap absorption specifically) reinforces the idea that this was an area of difficulty for 
students. 

 
Scattering Animations Created in ChemSense 

Sixteen students divided themselves into seven groups to make animations of how visible 
light interacts with ZnO sunscreen (large or nano sized) and how the sunscreen thus appears to 
observers. The purpose of this exercise in large part is for students to make their thinking visible 
and considered explicitly many of the ideas they were holding implicitly as part of the process of 
making animation design decisions. At the end of the animation creation process, animations 
were shared and discussed and inconsistencies and misconceptions were identified. Thus, this 
post hoc analysis of the animations is not directed towards the degree of correctness, but at the 
misconceptions that the animations reveal. Each of the seven animations is briefly described and 
inferences about misconceptions are drawn. 
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• Animation 1. This “animation” actual is a single frame showing a sun, black waves going in 
to peach-colored skin where sunscreen particles are embedded and peach-colored waves 
coming out of the skin. The accompanying text reads “The photons interact with the ZnO 
particles and most goes through, while the harmful UV light is scattered and absorbed. Your 
skin color is seen by a viewer, and not the sunscreen.” 

• Animation 2. In this animation, a black and white line drawing shows several light rays 
approach the “ZnO2” layer, which is very thin (very thin) and all of these rays are shown to 
reflect back away from the skin. The accompany text reads “All the effectiveness of old 
fashioned sunscreen and not even visible.” 

• Animation 3. In this full color animation, ZnO “molecules” are shown embedded in the 
sunscreen layer (the O atoms are shown as larger than the Zn atoms) and all of the light 
(shown as white waves) goes through this layer to the skin and never comes back out. The 
accompanying text reads “I can't see any scattered visible light coming from the ZnO 
because it is all passing right through to my skin! However, because visible light does not 
cause sunburn or skin damage, I'm good to go!” 

• Animation 4. This animation shows two ZnO “crystals” (one for 300 nm ZnO and one for 50 
nm ZnO) but even though the atom spacing is appropriate for a crystal, bonds are only shown 
between single Zn and O atoms, making the structure more like "molecules". In addition, the 
“particle” size for both pictures is the same, but the individual Zn and O atoms are drawn 
larger and smaller. In the action of the animation, UVA and UVB light comes in and UVA, 
UVB and an unidentified third kind of ray are “reflected” out (even though some of the light 
enters into the “crystal”, all deflection occurs in one shot, more akin to reflection than 
scattering). It appears that some of the UVB light gets through the sunscreen - leaving a 
"shadow" on the skin below it. 

• Animation 5. This animation shows light waves with white circles on them (presumably to 
label the rays as “white”) coming in and going through the sunscreen to the pink skin and 
"pink" rays (labeled in a similar fashion) being reflected from skin surface to the eye.  

• Animation 6. In this animation, sun rays come in towards sunscreen with embedded large 
ZnO particles. The large ZnO particles scatter visible light towards the viewer (in one frame 
the light appears to actually scatter in all directions, however in the following one a set of 
parallel waves move towards the viewer’s eye) and the viewer exclaims, “This sunscreen 
looks white”. Some of the visible light also seems to go through the sunscreen to the skin but 
does not come back out. 

• Animation 7. This animation shows photons as yellow balls moving towards a set of ZnO 
"molecules" which scatter the photons. In this animation actual scattering between ZnO 
particles is shown. 
 
A core confusion shown in the animations is a lack of distinction between the concept of 

scattering and that of reflection. Four of the animations showed light being deflected in a 
“reflection” type fashion (all light is deflected away from the sunscreen in a single frame) and 
only one animation showed true scattering behavior where the photons were bounced around 
between particles. Another animation showed a hybrid of scattering and reflection models and 
the final animation has all light passing through to the skin and thus no deflection behavior was 
shown. These animation are useful in fleshing the understanding behind students’ interchange of 
the words “reflection” and “scattering” and suggest that current explanation of scattering (based 
on the principles of refraction) is not working for students. Revisions to the unit plan to eliminate 
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the discussion of refraction and present scattering as a property of small particles (as opposed to 
bulk substances), focusing on the similarities and differences between reflection and scattering. 

A second core confusion that is important––not only for this unit but for nanoscience 
instruction in general––is how students represented the nanoparticles at the molecular level. In 
Animation 4, the two supposedly different sized particles appeared the same size – but one had 
fewer larger Zn and O atoms in at and one had more smaller Zn and O atoms. This shows a clear 
disconnect between the particle level (at which students can correct assert that nanoparticles are 
smaller) and the molecular level (at which the smaller particles should show fewer of the same 
sized atoms to make up the smaller particle). This is an important connection that may be 
assumed by researchers and teachers, yet not intuitive to students. Related to this, all three 
animations that showed the actual Zn and O atoms, showed them connected as molecules (bonds 
only between single Zn and O atoms) and not in a crystalline structure and two of these 
animations showed the individual ZnO molecules embedded directly in the sunscreen. This 
further emphasizes the need to makes connections between the particular and molecular level 
and the bond structure in inorganic substances.  

In addition to these core confusions, several smaller issues emerged in the animation. 
Students seem to confuse visible and UV light in some places and that each kind of light could 
interact differently with the sunscreen particles. Students also seem to “forget” about the light 
waves once they had passed through the sunscreen layer, often leaving them in the skin layer 
without being absorbed or reflected. Finally, two animations showed light waves changing from 
white or black to the color of the skin and it is unclear if students thought that the actual light 
wave was changing color. These observations suggest that a greater focus is needed on how light 
waves combine to produce color and why objects appear certain colors to us. It also suggests that 
while separating out the treatment of UV and visible light may be necessary for instruction, 
students needs support in tying these ideas back together. 

Finally, it is worth noting that there was a large disconnect between the student experiences 
creating animations, discussed here, and the student experiences viewing the pre-made 
animations (not analyzed in this document). In contrast to the many difficulties and 
misconceptions seen by the animation-creating group, the viewing group appeared nonplussed by 
the pre-made animations, stating that it was obvious and intuitive what would occur. Perhaps 
adding some sort of a prediction activity prior to viewing the pre-made animations would help 
alert students to the non-obvious features of the animations. 

 
Consumer Choice Pamphlets 

The 15 students who participated in this activity were given the option to create a “Smart 
Shopper” consumer guide either on their own or with a partner. Students were engaged in the 
activity, but since it was the last activity of a very long day, many students focused more on the 
“fun” aspects of their pamphlet than the concept. A brief description and the text from each 
pamphlet are given below and student understandings and misconceptions are then discussed. 

 
• Pamphlet 1 “NanoSunscreen”. This traditional 3-panel pamphlet provided the following 

text: “Clear, but still provide UV protection; particles are smaller, but still refract and absorb 
harmful UV light. While UV is absorbed and scattered, visible light goes through to the skin; 
then the skin absorbs the normal visible rays and reflect others through the sunscreen to the 
eye which interprets the skin color as normal and not pasty white. UV rays are refracted by 
the particles and thus don't reach the skin to cause damage.” 
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• Pamphlet 2 “Nanoparticulate Sunscreen”. This horizontal 3-panel pamphlet provided the 
following text: “Regular sunscreens refract the light several times so that *none* of the 
visible light is absorbed by the skin and this makes the sunscreen and your skin appear white 
as a ghost; clear nanoparticle sunscreen reflects all the UV light but keeps your skin looking 
beautifully skin-colored.” An image of the sunrays hitting the skin for large and small 
particles was shown, but the illustrations didn’t show a difference between the two cases. 

• Pamphlet 3 “Your Guide to Protection”. This colorful 3-panel pamphlet provided the 
following text: “The light goes into the sunscreen and the ZnO and TiO2 absorb and scatter 
the UV light but the visible light will not be absorbed so the sunscreen will not make your 
skin look white.” There was also an illustrations of the "peaks" of absorption shown by 
organic sunscreens, but the graph but says it refers to nanosunscreen.  

• Pamphlet 4 “Self Defense Against the Sun”. This colorful 3-panel pamphlet provided the 
following text: “Old sunscreen has larger particles. This means that it will be able to refract 
the harmful UV rays, but at the same time it will refract all the visible rays of light. This will 
make your skin look white; the new inorganic nanoparticle sunscreens allow you to apply a 
lot of sunscreen w/o looking unattractively white -> more protection.” 

• Pamphlet 5 “Sunscreen and Nanoparticulate Sunscreen Ingredients”. This colorful 3-panel 
pamphlet provided the following text: “Nanoparticle inorganic ingredients are smaller than 
those organic sunscreens which are often opaque and white. By having smaller particles the 
sunscreen scatters UV rays (which are not visible) thus skin remains skin colored b/c the 
sunscreen appears to be clear and not opaque” 

• Pamphlet 6 “Buy Inorganic Nanosunscreen!”. This brief pamphlet had an illustration of a 
nanosunscreen bottle with inorganic ingredients and provided the following text as a 
continuation from the title: “…because it is better and protects you!!!!” 

• Pamphlet 7 “Nanosunscreens: Are they for you?”. This traditional 3-panel pamphlet 
provided the following text: “Nano sunscreens absorb and scatter harmful UV light to protect 
you from sunburn and skin cancer. Why are they so different from other sun lotion? Other 
traditional sunscreens absorb UVB rays, but nano sunscreens use many tiny particles to 
absorb and reflect, or scatter, UVB rays as well as UVA rays. Traditional sunscreens go on 
white, an ugly color to go into the sun with. Nano sunscreens go on clear because of the 
many particles that let visible light through, but not UV light.” 

• Pamphlet 8 “Clear Sunscreen: The benefits of nanoscience”. This colorful 3-panel pamphlet 
provided the following text: “Nanoparticles of inorganic ingredients are useful because while 
providing the strong protection of traditional ZnO and TiO2, the visible light is not scattered 
by the particles. This characteristic makes the sunscreen "clear" so that there is no white 
color to the skin after application. Many sunscreens contain other organic and inorganic 
ingredients (ZnO and TiO2) check the label.” The pamphlet also correctly showed a graph 
comparing the absorption and scattering blocking for nano ZnO but it was given somewhat 
out of context.  

• Pamphlet 9 “Nanosunscreen: Yay”. This colorful 3-panel pamphlet provided the following 
text: “Nanoparticle sunscreens are made of teeny particles that scatter UV light but not 
visible light, thus looking clear. They are made up of one of two inorganic compounds, 
which function the same (relatively) as the organic sunscreen particles. Instead of protecting 
in peaks, the inorganic sunscreen protects against a larger area of UV light w/ needing a large 
amount of ingredients. The inorganic particles must be small enough to block the UV range 
and to let the visible light go past to the skin: reflects visible light. Why clear? Because the 
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particle are so small, the substance will look clearer b/c it is nearly impossible to see particles 
on that scale - also, they do not bend the visible light which would result in very white 
sunscreen. (White light = summation of all wavelengths in the visible spectrum).” The 
pamphlet also correctly showed a graph comparing the absorption and scattering blocking for 
nano ZnO but it was given somewhat out of context. There was also an illustration of 
different colored wavelengths of light approaching sunscreen-covered skin. 

• Pamphlet 10 “Buried Treasure aka Ingredients”. This pirate themed pamphlet focused on 
the ingredients in the different kinds of sunscreen stating that “Inorganic ingredients only 
consist of oxygen and another element (ZnO, TiO2). Organic compounds are individual 
molecules (PABA, oxybenzone and other stuff).” 

• Pamphlet 11 “Fortune Teller”. The “pamphlet” was created like a finger-fold fortuneteller 
where you have to pick which part to open. Four possible fortunes are available. In the first 
no sunscreen is used and you burn; in the second you stay inside and are safe but bored, in 
the third you use nanosunscreen and are happy without skin cancer and in the fourth you use 
large particle sunscreen and look pasty white. 
 
The majority of pamphlets (8 out of 11) reported that nanosunscreens use small inorganic 

particles of ZnO or TiO2, which block UV rays. The blocking mechanism was described as 
scattering (3 pamphlets), absorption and scattering (3 pamphlets), and refraction (2 pamphlets). It 
is interesting that no pamphlets mentioned reflection as the blocking mechanism since this was a 
common answer in other activities. It is hypothesized that this may be due to the fact that the 
students who made the pamphlets has previously viewed the pre-made scattering animations that 
clearly showed scattering as a different process than reflection. This gives some support to the 
effectiveness of the animation. In terms of appearance, four of the pamphlets referred to the 
nanoparticles letting the visible rays “pass through” and two pamphlets discussed only the 
converse (large particle not letting visible light through). The other pamphlets promoted the 
“clear” appearance of the nanosunscreens but did not explain the mechanism behind this 
clearness. 

There were two areas of confusion that arose in the pamphlets. The first relates to how the 
light interacts with the skin once it has “passed through” the nanoparticulate sunscreen. 
Pamphlets glossed over this part or made strange claims such as “the skin absorbs the ‘normal’ 
rays and reflects others” or “the visible light is not absorbed by the sunscreen to make your skin 
look white.” This is somewhat surprising since this group of students had viewed the pre-made 
animations that clearly show the skin absorbing green and blue rays while reflection red, yellow 
and orange ones. Perhaps questioning in the worksheet can be added to direct student’s attention 
to this feature of the animation. The other confusion came from a pamphlet that described how 
the small nanoparticles let the light “pass through” and the separately said that it is also “nearly 
impossible to see particles on that scale” without realizing that the first is the reason for the 
second. 

 
Final Explanations 

For the final explanations, students were asked two questions; one about UV blocking and 
one about sunscreen appearance. Students’ answers were rated on a four-point scale as shown in 
Chart 7 earlier in this report. The depth of understanding of the pertinent science concepts (bold 
headings) is inferred based on the observable descriptors described below each heading.  
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Understanding of UV Blocking Mechanisms 
 

Question 1: How do you think the absorption of UV light is different for organic 
sunscreens, inorganic sunscreens and single atoms? 
 
For this question, many students gave superficial or incorrect answers. The twelve answers 

scored as a “1” generally gave superficial and global explanations such as “inorganics are better” 
without enough supporting detail to infer any understanding or incorrect attributions such as 
“organics scatter and inorganics absorb UV light”. The seven answers scored as a “2” reported 
that organics blocked “only some parts” while inorganics blocked “the whole range” but did not 
explain in detail what was being blocked or what the range referred to. The twelve answers 

scored as a “3” reflected some 
understanding of the UV spectrum as a 
range of wavelengths and the fact that 
organic ingredients absorbed only some 
wavelengths in this range while 
inorganic ingredients blocked (via 
scattering and absorption) the full range 
of UVA and UVB rays. No students 
gave answers earning a score of “4”; 
such answers would have needed to 
include a reference to the structural 
differences between organic and 
inorganic compounds and why they 
exhibit different absorptive properties. 

 
Based on their answers, many students seemed able to grasp the idea that organic substances 

absorb in bands (with peaks and ranges) while inorganic substances absorb all light up to a 
certain wavelength. Students were able to discuss the implications of this for combining organic 
substances to protect against the whole UV range and the fact that inorganic substances could 
block this range on their own. However, no students connected these properties to the structure 
of the substances involved or the fact that absorption of light was related to changes in the 
energy state of the substance (the differences in absorption result from the differences in energy 
level spacing patterns for organic molecules and inorganic crystals). 

One possible cause for this disconnect is that the curriculum materials had been designed 
based on the assumption that students would be familiar with different kinds of substances such 
as organic molecules and inorganic crystals and this turned out not to be the case. Students were 
confused by the terms “organic” and “inorganic” and did not readily distinguish between 
molecules and crystal lattice structures which would necessarily make the discussion of their 
different energy level patterns hard to comprehend. Greater background and support for the basic 
differences between inorganic and organic substances will need to be included in future 
revisions. 
 
Understanding of Sunscreen Appearance 
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Question 2: What are the different factors that help determine whether or not ZnO 
and Ti02 particles suspended in sunscreen appear clear or not and why? 

 
For this question, most students grasped that the size of the sunscreen ingredient particles 

was an important factor in determining if the sunscreen would appear transparent, answers 
differed greatly, however, in the depth to which students explained why the size of the particles 
mattered. The twelve student answers scored as a “2” all referenced the importance of the size of 
the particles but gave no explanation as to why this was important or attempted an incorrect 
explanation (two students referred to particle size affecting absorption and one student referred 
to particle size affecting the wavelength of light). The thirteen student answers scored as a “3” 
also referenced the size of the particles as being important and provided some explanation 
relating to scattering, visible light, and skin color as resulting from the skin’s absorption of 
blue/green wavelengths of light. Such explanations contained very few incorrect statements but 
were not scored as “4”s because they were not complete, generally referencing some but not all 
of the concepts described above. The four answers scored as a “4” presented integrated 

explanations including reference to 
scattering, visible light and different 
wavelengths of light. (Only two of the 
four directly referred to the color of the 
skin as a result of selective absorption, 
but since this was not explicitly asked for 
in the question, this was not counted as 
an omission to the core explanation). 

It should be noted that in these 
explanations, students often interchanged 
the terms “scattering” and “reflection” 
and only one student mentioned the 
importance of the thickness of the 
sunscreen applied. 

 
Based on their answers, many students seemed to grasp the idea that if the particles are small, 

they don't block the light and thus the sunscreen appears transparent, but almost half did not refer 
to the notion of scattering and many referred to reflection or “blocking” instead of scattering. 
This is surprising given that all students either created or spent a half an hour viewing animations 
focused on scattering. This implies a lack of perceived difference among students between these 
concepts and a need for greater clarity and emphasis on distinguishing them. 

 
Student Misconceptions 

Overall, student responses to the final explanation questions displayed more of a problem 
with superficial explanations than with misconceptions per se. Again, one of the major sources of 
confusion resulted from a lack of organic / inorganic distinction and which type of substance 
absorbed and/or scattered the different kinds of light. Many of the misconceptions appeared to be 
a matter of confusion as to which concepts applied in which situations. A clearer mapping of the 
situations (in terms of substance type, particle size and wavelength of light involved) to the 
appropriate kinds of energy-matter interactions would help to address this issue. 
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Student Statements Indicating Misconceptions Related to the UV Blocking Mechanism  
• "Organic sunscreens are worse b/c they mostly scatter" 
• "Organic and inorganic sunscreens absorb light well up to 380 nm" 
• "Inorganic sunscreens absorb the UV light whereas organic sunscreens refract light so it 

appears white" 
• "Inorganic absorbs and organic doesn't absorb (scatters)" 
• "Organic sunscreens refract and scatter light and inorganic sunscreen absorb light" 
• "Inorganic substances absorb differently depending on their size" 
• "Single atoms give off an emission/absorption spectrum" 
 
Student Statements Indicating Misconceptions Related to the Appearance of the Sunscreen 
• "If the particles are small enough and the light absorbs through the particles" 
• "The size of the molecules determines the wavelength of the light" 
 

 
Conclusions 

As the analysis of initial ideas showed, students came to the unit with few well-formed ideas 
about how nanosunscreens and sunscreens in general work. By the end of the unit, they had 
developed a set of understandings, many correct though some not, about how these products 
interact with light in terms of blocking and appearance. Given this situation, a traditional a pre-
post comparison of the “amount” students learned is not particularly meaningful. More important 
and more interesting for this formative evaluation are the questions of what kinds of 
understandings students developed and what concepts caused difficulties of led to 
misconceptions. 
 
Summary of Student Understandings Developed 

Overall, most students did not have difficulty understanding that nanosunscreen ingredients 
are small inorganic (ZnO and TiO2) particles that are different in some way from most organic 
sunscreens on the market. Students also seemed to readily understand that nanosunscreens are 
better blockers than organic sunscreens because they block a greater range of the UV spectrum 
and not because they were “stronger” blockers of the same part of the spectrum1. Many students 
pointed out that organic substances absorb in “peaks” while inorganic substances absorb UV 
universally (up to a certain wavelength) showing a basic understanding of the idea that the 
substances interact with light in different ways. Related to this, students moved away from their 
initial idea that SPF was the primary (or only) thing to consider in picking a sunscreen to talk 
about choosing a sunscreen with UVA blocking abilities and that this was not captured in the 
SPF. One concerning thing seen was that students seemed to almost completely drop mention of 
SPF indicating an over reliance on the ingredients of a sunscreen without consideration of the 
other factors (dispersion, coverage etc.) that contribute to SPF. Students seemed to fall into 
binary categorization that either UVB or UVA must be “more” important to block. Finally, in 
relation to transparency and the appearance of sunscreen, students seemed to understand that 
nanosunscreens appear clear because they let the visible light “pass through” to the skin. 

                                                
1 One minor area of confusion related to what to compare nanosunscreen to – organic sunscreens or large inorganic 
ones. 



Schank, SRI International  NSF-IMD Grant #0426319 
 

29 

 
Summary of Student Difficulties and Misconceptions 

While students were able to understand the general whys and hows discussed above, when it 
came down to what was actually happening at the particle level mechanism wise, many 
difficulties and misconceptions were encountered. Perhaps the most basic confusion was 
between organic and inorganic substances. While the difference in bonding structure between 
molecules and ionic compounds is a core topic of the chemistry curriculum, it is one that many 
students struggle with. Student often interpreted an ionic formula unit as indicating a discrete 
molecule as shown in the student-generated animations. The core difference in bonding structure 
between molecules and ionic compounds underlies how they interact differently with light so the 
lack of distinction here contributes to other misunderstandings as well. One such area involves 
what it means to make a “nanosized” particle. Students had many different misconceptions here, 
but none seemed to understand that a smaller particle is simply a cluster of fewer ions. This 
indicates a need to make better connections between the particle and molecular level. 

Another area of confusion related to how nanosunscreens block UV rays. Students gave 
answers including scattering, absorption, reflection, and refraction. The terms scattering and 
reflection were often used interchangeably and students didn’t seem to distinguish between how 
light would interact with a bulk substance and a small particle (a key nanoconcept) showing light 
being “reflected” directly by small particles. Students also referred to both scattering and 
reflection as “refraction” in some instances. Despite these confusions, students seemed to be 
much more comfortable with the “scattering” explanations than with the absorption ones. In part 
because of the lack of distinction between organic and inorganic structure, but primarily due to 
the lack of deep background knowledge of atomic absorption, students were not able to build up 
to the concepts of molecular absorption and band gap absorption. Students were also unclear 
whether particle size would affect absorption leading to a need to distinguish between physical 
properties / processes and chemical ones. 

The final area of confusion related to what happens to visible light at the skin’s surface. 
Interestingly, the group that viewed the pre-made animations had no troubles here – they saw the 
green and blue wavelengths absorbed by the skin and the red, yellow and orange ones reflected 
and were able to talk about this process clearly afterwards. The group that made their own 
animations however did not intuit this and created a wide variety of incorrect versions of what 
happened at the skin’s surface. This indicates that while this may not be a difficult concept per 
se, it is also not intuitive and some form of instruction on these issues should be included for all 
students. 
 

 
 



Schank, SRI International  NSF-IMD Grant #0426319 
 

30 

Exhibit 6. Workshop evaluation survey for students. (Spacing reduced to save space.) 
 
NanoSense Workshop Evaluation for Students 
February 11, 2006 
 
Your feedback about what you learned in this workshop, how you interacted with the materials, 
what you liked and didn’t like is very important to help use improve the materials. Please help us 
by answering the following questions about yourself and your thoughts about the workshop. 
 
Personal Information 
1. Grade:   
2. School: 
3. Current science class(es): 
4. Current math class(es): 
5. Past science classes: 
6. Past math classes: 
7. Technology classes taken (please name): 
 
Tell Us What You Learned 
8. How do you think the absorption of UV light is different for organic sunscreens, inorganic 
sunscreens, and single atoms? 
 
 
 
 
9. What are the different factors that help determine whether or not ZnO and TiO2 particles 
suspended in sunscreen appear clear or not, and why? 
 
 
 
 
Workshop Feedback 
10. Why did you come to this workshop? 
 
 
 
 
 
11. Did you like the workshop? Yes Sort of No 
If you circled “Sort of” or “No”, please explain why: 
 
 
 

   

12. Was it interesting? Yes Sort of No 
13. Did the material make you want to learn more? Yes Maybe No 
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14. Were there parts that were confusing? Yes Sort of  No 
If you circled “Yes” or “Sort of”, what parts were confusing? 
 
 

   

15. Was the workshop a good use of your time? Yes Sort of No 
If you circled “Sort of” or “No”, please explain why: 
 
 

   

16. Would you take another workshop like this?  Yes Maybe No 
17. Is the content relevant to your school work?  Yes Maybe No 
 
18. What did you like the most? (Check all that apply) 

__ The introductory lesson 
__ The lab activities  
__ The guest speaker 

__ The afternoon lesson 
__ The animation activities 
__ Other (what: _______________ ) 

 

Please explain why you liked these parts most: 
 
 
 
 
19. What did you like the least? (Check all that apply) 

__ The introductory lesson 
__ The lab activities  
__ The guest speaker 

__ The afternoon lesson 
__ The animation activities 
__ Other (what: _______________ ) 

 

Please explain why you liked these parts least: 
 
 
 
 
20. What was the most important thing you learned? 
 
 
 
 
 
21. Is there anything you would suggest to make these workshops better or more interesting? 
 
 
 
 
 
 
Thank you for your help! We hope you enjoyed today’s workshop. 
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Exhibit 7. Workshop evaluation survey for teachers. (Spacing reduced to save space.) 

 
NanoSense Workshop Evaluation for Teachers 
February 11, 2006 

 
Your feedback will help us improve our materials and future workshops. Please help us by 
answering the following questions about yourself and your thoughts about the workshop. 
 
Background 
1. Your school:  
2. Grades and courses you teach: 
3. Number of years teaching:   
4. College Major:  
5. Have you had other training in nanoscience? Yes  No  
  If yes, please describe:  
 
Workshop Feedback 
6. Did you like the workshop? Yes Somewhat No 
7. Was it interesting? Yes Somewhat No 
8. Was it well organized? Yes Somewhat No 
9. Was the content of value? Yes Somewhat No 
10. Were there parts that were confusing? Yes Somewhat No 
If so, which parts? 
 
 

   

11. Was the workshop a good use of your time? Yes Somewhat No 
If not, what improvements need to be made to make this 
workshop a better use of your time? 
 

   

12. Do you plan to use the materials in any of your classes? Yes Maybe No 
If you circled “Maybe” or “No”, what are your concerns? 
 

   

 
13. What did you like best or find most useful about the workshop? 
 
 
14. What changes would you make to the workshop to make it better next time? 
 
 
15. What one or two ideas from the workshop do you feel you will most likely apply, and how?  
 
 
Student Engagement  
16. Do you think the students were engaged in the workshop? Yes Somewhat No 
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17. Where there particular sections in which the students were more engaged? If so, which? 
 
 
18. Were there particular sections in which the students were less engaged? If so, which? 
 
 
Student Understanding 
19. Did your students have sufficient science background to 
understand the ideas being presented? 

Yes Somewhat No 

If you circled “Somewhat” or “No”, please answer questions a & b below. 
a. What additional background would they have needed? 

 
 

b. Would you like to see that background provided in the materials, 
   ___ For the teacher 
   ___ For the students 
 
20. Do you think the students generally understood the materials? Yes Somewhat No 
If you circled “Somewhat” or “No”, please answer questions a & b below. 

a. What sections or concepts were difficult for them to grasp? 
 

 
b. What kind of support would your students need to better understand the concepts 

presented? 
 
 
21. What was the most important concept you are taking away from the workshop? 
 
 
Materials Feedback 
22. How can the developers make the materials better for the next workshop? 
 
 
23. We are interested in hearing about any experiences you have using NanoSense 
materials in your classroom. Would it be okay for us to contact you about this? 

Yes No 

24. Would you like us to contact you with information about other NanoSense 
professional development opportunities for teachers? 

Yes No 

If you answered “Yes” to either question above, please tell us your email address: 
 

  

25. Are you interested in becoming more actively involved in developing 
nanoscience curriculum? 

Yes No 

 

 
Thank you for your help! We hope you enjoyed today’s workshop. 
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Exhibit 8. Detailed description of our recommended changes to the Clear Sunscreen unit based 
on workshop findings. These changes were implemented in April-May 2006. 
 
Overall Structure 
General Strategy 

• Make more connection to topics that are currently covered in the curriculum. 
• Have more hands on activities 
• Break up the lectures more 
• Show connections between the lecture(s) and activities 

 
Planned Revisions 

We are going to try to break up the “main” PowerPoint, which contains the bulk of the 
explanation of science concepts into several smaller presentations that are interspersed with the 
relevant activities. We are also going to move some of the “History of Sunscreens” part into the 
Intro presentation to give students more background and understanding of why this is a current 
issue. The new structure will run as follows: (current lesson # in ()s ).  

 
PPT: Introduction, Danger & the E/M spectrum (1) (3) 

• Activity: UV Beads (2) 
PPT: Sunscreens (History & Kinds) (org/inorg; phys/chem.; par. size) (3) (New) 

• Activity: Sunscreen Labels w/ FDA Approved Sunscreens List (2) 
------------------------------------------------------------------------------ 

PPT: How sunscreen block (absorption) (very optional) (3) 
• Activity: Some sort of visualization? 

PPT: How sunscreen block (scattering) (optional) 
• Activity: Choice of Scattering (UV light) (4) 

PPT: How sunscreens appear (3) (New) (optional) 
• Choice of Scattering (visible light) (4-expanded) 

------------------------------------------------------------------------------ 
PPT: Summary (3) (New) 

• Activity: Consumer Choice Pamphlet (5)  
 

In addition, students don’t want to answer the same questions again and again, so the 
reflection questions after each unit need to be different. (The very beginning and very end can be 
the essential questions but the ones in the middle need to vary.) Also can have teachers go over 
the answers and “what I still want to know” questions. 
 
PowerPoint Revisions 
General Strategy 

• Dedicate whole slides in presentations to the discussion questions to foster participatory 
“lectures” 

• Work on the balance of text / images in the PPT slides by adding images and 
wordsmithing text down.  

• Making slides simpler: 
o Split things into 2 slides if needed – avoid cognitive overload 
o Wordsmith to decrease # of words 
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o Put stuff in the teacher’s note – but depth, not connectors 
• Need to move focus of language to “sunscreen ingredients” not “sunscreens” 

 
Planned Revisions 

The planned revisions are listed according to the new ppt structure. 
 

Intro, Danger & EM Spectrum PPT: 
• Old Slides: Intro PPT, 3-9, expand minimally 
• Add in some single ppt slides with the big questions to try and promote discussion (i.e. 

give more motivation before diving in – why should I care.) 
• Follow up with several slides addressing some of the issues that the Q raises 
• Also add to teacher notes questions such as “Do you wear sunscreen?”, “Why, why not?” 

& “Are there nanoparticles in your sunscreen? How do you know?” 
• Old Slide 3: Show c=lf formula in multiple forms and deal with issue with Symbol Font 
• Old Slide 8: Redo graph to get rid of confusing elements. 
 

Sunscreen History & Kinds of Sunscreens (organic/inorganic) PPT: 
• Old Slides: 10-13, 27, 17, 25, expand 
• Be clear on what SPF is (a rating not a thing) and what it measures 
• Focus on Blocking UVA and UVB and why SPF is important but not enough 
• Clarify active vs. inactive ingredients 
• Need to do something in the “story” – to deal with the question – are “old” inorganics 

still available? 
• Add “history” parts from main PPT that discuss 1. Why we moved from inorganics to 

organics (appearance) and then 2. Why organics are no longer enough (will need to 
reorganize some) 

• Add in section on sunscreen basics – including “colloidal suspension”  
• Add content on organic vs. non-organic (carbon based, bond type, size, structure, relation 

to allergies…) make sure to use visuals of the molecules / crystal structures 
• Make really clear what is organic and what is inorganic and need to be clear that “nano” 

only refers to inorganics because those are the ones that vary in size and thus need to be 
shrunk. 

• Molecule versus the formula unit 
• Use “Cluster” language versus particle language so they get that there are multiple ions 

involved 
• Talk about if “particle” has meaning for molecules… 
• Include answer to the question: How do we know if something has a nanoingredient in it? 
• This section will also need to have sunscreen blocking basics (i.e. if they don’t do any of 

the indepth ones…or this might go in the summary ppt). Need to divide “block” into 
absorb and scatter. With this - include the diagram that AFW drew on the board early on 
and then break it down. 

• A “zoom” thing – switch from the “particle” level view to the “atomic” level view. Also 
bonding structure of inorganic substances. 

• What does it mean to make a nanosized particle – the difference in “Bonding” (electron 
sharing) and ion’s electrostatic attraction. 
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• Old Slide 11: Need to increase text size so it is readable and explain why UVA causes 
long term damage 

 
How Sunscreens Block (absorption) PPT: 

• Old Slides: 14-16, 21-24 (don’t expand) 
• Band gap is just too hard and draws strongly on stuff they only have a little bit of (atomic 

emission) just too big a jump – SUPER optional or eliminate 
• Need to start with emission and then move to absorption noting the key differences. Also 

more explanation of band gap. 
• With absorption, need to be clear what happens to the “jumping” electrons when they 

“fall” back down. 
• Need to make it clear that Size and Absorption are not strongly related. Good opportunity 

to distinguish between “chemical” properties and “physical” properties (though band gap 
is slightly affected by particle size…) 

• Include the diagram that AFW drew on the board early on and then break it down. 
 

How Sunscreens Block (scattering) PPT 
• Old Slides: 18-19 (probably kill), 20, 29, expand 
• Remove part about refraction and focus on how light interacts w/ different sized stuff 

differently (scattering by particles versus reflection by objects) 
• Need to have clearer basic definitions of terms and relationships between refraction, 

reflection etc… 
• Revisions to the unit plan to eliminate the discussion of refraction and present scattering 

as a property of small particles (as opposed to bulk substances), focusing on the 
similarities and differences between reflection and scattering 

 
How Sunscreens Appear PPT 

• Old Slides: 28-30, expand 
• Expand the explanatory section in the PPT about how and why objects appear different 

colors to our eyes  
• For the “appearance” part – can have demos showing how R, B & Y light add up to white 

(need to try this out) and shining lights of each of these colors on different objects to see 
what color they appear. E.g. in a dark room shine a white light on a green apple and it 
looks green. Shine a red light on a green apple and it looks black. (Demos w/ lights and 
color films) 

 
Summary PPT 

• Old Slides: 26?, 31?, 32?, 33?, 34 
• Add specific explanation of why visible and UV light interact differently with each 

substance 
• Clarify explanations in presentation slides related to scattering and absorption 

mechanisms and which occur when for what substances 
• Clarify which absorbs and which scatters (and why do the different particles behave in 

different ways?) 
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• Need to answer question of “How do you know if you are using nano in a sunscreen?’ 
and be very clear about mapping situation: substance type, particle size and wavelength 
of light involved to appropriate light-matter interactions. 

 
Lesson 1: UV Bead Lab Revisions 
General Strategy 

• Increase range of substances tested in UV lab 
• Add emphasis for students and teachers on the meaning of non-patterns 

 
Planned Revisions 

• Change opacity guide to be a black-white-grey thing (put the sunscreens onto black paper 
and make the opacity guide go black to white) 

• Add extra columns to data table to record SPF (when applicable) and observations. 
• Need to rethink the different kinds of substances used to get a better range in the chart 

(i.e. not a bunch of sunscreens that have the same appearance, maybe include some 
sunscreen gels and some different sunglass lenses) 

• Pull the “didactic” part in the intro section out into the ppt that will come before it. 
• UV light = required not optional material 
• Make note to not put sunscreen on body (allergies issues) 
• Don’t do it through a window (window blocks) – UV light always 
• Use + and – control for both extremes 
• In analysis need to draw bigger dot 
• Q2 – should have a small grid and ask them to color it in 
• Deal w/ issue that SPF didn’t correlate w/ blocking except for 1 group 
• How should teachers combine results if more than one group tested a substance? Should 

still use all dots! 
• What can we do to make it more exciting that there *isn’t* a relationship between opacity 

and blocking? Maybe it has to do with wearing clothes (of course don’t want to scare 
them) but does a thin (new) white t-shirt block UV or should we be wearing sunscreen 
underneath? 

 
Lesson 2: Sunscreen Label Lab Revisions 
General Strategy 

• Shorten sunscreen label activity and connect to new lecture section on the differences 
between organic and inorganic chemicals 

 
Planned Revisions 

• Integrate FDA chart into end of Label activity and make the organic/inorganic distinction 
clearer. 

• Have 2nd part be a class discussion, not individual activity 
• Best to use empty containers and store for future use 
• Place sunscreens in stations and have kids move in groups of 2-3. 
• Change name from ‘lab’ to ‘activity’ 
• Add columns for price and smell 
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Lessons 4 & 5: Scattering Animations 
General Strategy 

• Add UV rays to the animation project  
 
Planned Revisions 

• Need more in the prior PPT presentation about how stuff appears to our eyes. 
• Need to have both use UV and visible Groups. Can have sharing for the four groups or do 

5 groups (one for no sunscreen). 
• “Look at UV light, look at visible light, look at UV & visible light” options on pre-made 

animations - click on buttons to make it clear what they were using. 
• Use of term “photon” – reference “light ray” 
• Add to things to consider: How will you show a photon being absorbed? 
 

 
 

 
 
 
 


