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" I  learned how al l  the math we have been doing works." 
The Effect of RAFT Hands-on Activit ies on Student 

Learning, Engagement, and 21st Century Ski l ls 

!

!

I n t r o d u c t i o n  

Since 1995, Resource Area for Teaching (RAFT! ) has deployed an innovative, award-
winning model for making hands-on activities affordable and accessible to educators.  

RAFT develops innovative "hands-on" project idea sheets and pre-packaged 
activity kits created around important concepts in science, technology, engineering 
and math (STEM) as well as reading and art. Through workshops, project 
development support and mentoring, RAFT also helps educators to create their 
own "hands-on" activities, and gain the knowledge and confidence to use them. 
(RAFT, 2011). 

Many of RAFT’s materials come by way of excess from nearby industries. RAFT educators 
repurpose those materials into standards-based hands-on activities that are used by 
hundreds of thousands of students every year.  

In spring 2011, Rockman et al (REA) conducted a study of the impact of two RAFT hands-
on mathematics activities on student learning, engagement, and 21st century skills. 
Rockman et al is an independent evaluation, research, and consulting firm focusing on 
education, technology, and media. REA works with pre-K-12, postsecondary and adult 
educational institutions undertaking formal education, as well as with broadly educational 
projects having a wide community or consumer audience. As independent researchers, 
REA often serves as an external evaluator for federal grant-funded projects, foundations, 
and private industry. 

The primary purpose of this evaluation was to provide quantitative evidence of the effect of 
the use of RAFT hands-on activities on students’ knowledge and engagement. Secondary 
purposes were to observe teachers’ implementation of RAFT hands-on activities and 
receive feedback about activity engagement directly from students. This report details the 
steps taken to carry out this evaluation and describes the major findings. It also makes 
recommendations for revising the Frack Jack and Salmon You Can Count On activities, as 
well as for conducting future evaluations of RAFT hands-on activities.  
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D a t a  C o l l e c t i o n  a n d  M e t h o d o l o g y  

This study involved 17 4th – 6th grade teachers who taught a total of 458 students in 23 
classes. Fourth grade teachers taught Frack Jack" , a RAFT hands-on activity that teaches 
fraction concepts within a card game. Sixth grade teachers taught Salmon You Can Count 
On" , an activity that uses proportions to predict the total population of “salmon” (i.e., 
plastic chips) from the distribution found in “captured” samples. These kits are 
representative of all of RAFT’s hands-on activities. Study participants included English 
language learners, special needs populations and students from a broad spectrum of 
socioeconomic statuses. 

For both activities, teachers administered a brief pre-quiz prior to the activity and then 
administered a post-quiz one or two days after the activity. The quizzes each contained 
five multiple choice and short answer questions in which students had to identify fractions 
or proportions, set up or solve word problems, and perform calculations. REA and RAFT 
staff also observed nine classes using a structured protocol. Observers looked for 
evidence of students’ application of mathematical knowledge, engagement, and 
collaboration (an important 21st century skill), as well as details about teachers’ 
implementation of the activities. 

A more detailed account of the study procedures can be found in the appendix. 

!

F i n d i n g s  

This section first presents the learning results of the pre and post-quizzes for each activity, 
with a focus on statistically significant improvements. A discussion of student engagement 
follows with a report of students’ desire to participate in similar activities in the future, as 
well as keywords that students felt matched the activities. The third sub-section reviews 
students’ self-reports of what they learned, followed by teachers’ reports on learning and 
implementation. The findings conclude with several vignettes pulled from the classroom 
observations designed to highlight learning, engagement, and group work. 

Learn ing  

Students improved their ability to solve or set up word problems after engaging in the 
RAFT hands-on activities. Specifically, students correctly answered questions about 
subtracting fractions and setting up proportions more often on the post-activity quiz than 
on the pre-quiz. Classroom observations link these learning gains to the work students did 
during the hands-on activities. 
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In general, 4th grade students came into the hands-on activity with prior knowledge about 
fractions, and came out better able to apply that knowledge to new problems. Five 
questions were asked on each pre and post-quiz, and each correct question received a 
score of one point. Students improved their performance on three of the five items on the 
quiz and held steady on a fourth item (Table 1). They improved by three and four 
percentage points respectively on questions about identifying and constructing fractions. 
The very small decrease in the fraction addition question (Question 2) represents a change 
in only four students and is within the margin of error.  

Table 1: Fourth Grade Pre and Post-Quiz Results (7 classes; n=155) 

 
% of Respondents 

Answering Correctly 
 

Question (Pre//Post) Pre-Quiz Post-Quiz Change 

Q1. Which fraction represents the 
smallest//largest part of a whole?  

78% 
(n=121) 

78% 
(n=121) 

0 percentage 
points 

Q2. Fraction addition  

(i.e., 2/6 + 3/6 = _________) 
85% 

(n=131) 
82% 

(n=127) 
! 3 percentage 

points 

Q3. Color the box so that it is 1/4 // 2/3 shaded. 
52% 

(n=81) 
56% 

(n=86) 
" 4 percentage 

points 

Q4. Maria had 1 apple. She ate 3/8 of the apple. 
How much of the apple does she have left? // 
Darrell had 1 orange. He ate 4/6 of the orange. 
How much of the orange does he have left? 

63% 
(n=98) 

83% 
(n=128) 

" 20 percentage 
points 

Q5. How much of this circle is shaded? 
38% 

(n=59) 
41% 

(n=64) 
" 3 percentage 

points 

!

Students improved the most in their ability to subtract fractions from a single whole object 
(Question 4, Figure 1). On the pre-quiz, about two-thirds of the students could correctly 
subtract a fraction from a whole. By the post-quiz, four-fifths of the students were 
subtracting correctly – a 31% percent increase (paired-samples t(154)=-4.60, p<0.01). 
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Figure 1: Fourth Grade Pre and Post-Quiz Total Results for Q4 – Fraction Subtraction (n=155)  

!

Students’ quiz performance followed logically from their observed behavior during their 
RAFT hands-on activity. Before the Frack Jack activity, students demonstrated that they 
could identify the largest fraction from a list of choices (Question 1 on the pre-quiz) and 
could add fractions with the same denominator (Question 2 on the quiz). During Frack 
Jack, students had to put together fractions to make a whole circle without going ‘bust.’ 
This experience appears to have led directly to improvements on the post-quiz, in 
particular, their ability to solve subtraction word problems. 

(#)*+, &-+.&/#,&/+.,0&1,&

For the 6th graders, students generally came into the hands-on activity with prior 
knowledge about proportions, and came out better able to apply that knowledge to new 
problems. As with the fourth graders, sixth graders answered five questions on each pre 
and post-quiz, with each correct question receiving a score of one point. As seen in Table 
6, students did not change in their ability to solve proportion word problems (Question 1), 
perhaps because nearly three-quarters of them came in having this skill. Students did 
however improve their performance slightly on two other items. The very small decrease in 
the ratio identification question (Question 4) represents a change in only three students 
and is within the margin of error.  
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Table 2: Sixth Grade Pre and Post-Quiz Results (14 classes; n=258) 

 
% of Respondents 

Answering Correctly 
 

Question (Pre//Post) Pre-Quiz  Post-Quiz 
Percentage 

Change 

Q1. A company makes 7 jackets for every 4 shirts it 
makes. If the company makes 28 shirts in one day, 
how many jackets will it make? // A company 
makes 5 blue cars for every 3 white cars it makes. 
If the company makes 15 white cars in one day, 
how many blue cars will it make? 

73% 

(n=187) 

73% 

(n=187) 

0 percentage 
points 

Q2. If 1 out of every 20 students is left-handed, how 
many left-handed students would there be in a 
school with 300 students? // If 1 out of every 30 
students has red hair, how many students with red 
hair would there be in a school with 600 students? 

56% 

(n=145) 

63% 

(n=162) 

" 7 percentage 
points 

Q3. Solve for x. 

x/30 = 8/2 

x = ___________ 

50% 

(n=128) 

54% 

(n=138) 

" 4 percentage 
points 

Q4. According to the table, what is the ratio of the 
number of silver cars to the number of blue cars? // 
What is the ratio of the number of dogs to the 
number of rabbits? 

78% 

(n=200) 

76% 

(n=197) 

! 2 percentage 
points 

Q5. Luis can run 16 miles in 4 hours. Which 
proportion could be solved to find x, the number of 
hours he needs to run 26 miles? // Rachel needs 12 
lemons to make 6 glasses of lemonade. Which 
proportion could be solved to find x, the number of 
lemons she needs to make 10 glasses? 

22% 

(n=58) 

65% 

(n=167) 

" 43 percentage 
points 

Students improved the most in their ability to set up proportion problems given a list of 
variables (Question 5, Figure 2). On the pre-quiz, about one-fifth of the students could 
correctly set up a proportion. By the post-quiz, nearly two-thirds of the students were 
doing this correctly – a 197% percent increase (Figure 2, paired samples t(257)=-11.16, 
p<0.01). 
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Figure 2: Sixth Grade Pre and Post-Quiz Total Results for Q5 – Setting up Proportions (n=258)  

!

As with the fourth grade students, the sixth graders’ quiz performance can be explained 
through an analysis of the classroom observations. In general, students entered the activity 
with the ability to solve proportion word problems and identify ratios (Questions 1 and 4 on 
the pre-quiz respectively). During Salmon You Can Count On, students repeatedly set up 
and solved proportions to estimate the population of a group from a smaller sample. As a 
result, they were better prepared to set up proportions for new word problems (Question 5 
on the quiz).  

Students also improved slightly on questions requiring them to solve proportions similar to 
the ones they had encountered in the Salmon activity, a fact that can also be explained by 
classroom practices. Observers noted that in most classes, students were allowed to use 
calculators rather than computing values by hand. They did not use calculators on the 
quizzes; because the conditions of the assessment did not exactly match the conditions of 
the activity, improvement on these questions was modest. 

In sum, in both the 4th and 6th grade activities, students applied mathematics skills by 
solving problems with hands-on materials. These experiences appear to have led directly 
to improvements on specific questions in the post-quiz. The pattern of quiz responses also 
suggests that the activities were well-designed to expand the teachers’ existing curriculum 
and build on students’ math skills. 
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Engagement  

Students responded very positively to the RAFT activities, labeling them as fun, interesting 
ways to learn and solve problems. 

Students not only had the chance to apply their math skills in the RAFT activities, but did 
so in a stimulating environment. On the post-quiz, students read a list of 21 words and 
circled the ones that they felt best described the activity they had just done. This list 
included positive descriptors such as ‘fun’ and ‘creative,’ negative words such as ‘boring’ 
and ‘dislike,’ and skills such as ‘solving problems’ and ‘working with others.’  

The results were overwhelmingly positive for both the 4th and 6th grade groups. ‘Fun’ was 
the number one descriptor for the 4th graders, followed by ‘learning’ and ‘I’m good at it’ in 
a tight race for second. Negatives such as ‘boring’ and ‘dislike’ were at the bottom of the 
list, with just 5% of 4th grade students or fewer circling those words. 92% of 4th graders 
circled no negative words. For 6th graders, ‘solving problems’, ‘learning’, and ‘finding 
answers’ were all in a clump at the top of the list, followed by ‘fun’ and ‘thinking’ in 
second. Again, the more negative descriptors fell towards the bottom of the list, and 80% 
of 6th graders circled no negative words.  

Figure 3. 4th Grade Hands-on Activity Descriptions (N=155)  

!

 N %  N % 

Fun 140 90% Solving problems 75 48% 
Learning 101 65% Finding answers 69 44% 
I'm good at it 99 64% Intelligent 59 38% 
Interesting 96 62% Challenge 48 31% 
Creative 94 62% Working hard 44 28% 
Like 92 59% Asking questions 37 24% 
Play 92 59% Working alone 11 7% 
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Easy 87 56% Boring 8 5% 
Working with others 84 54% Difficult 7 4% 
Thinking 79 51% Dislike 7 4% 
Team 75 48%    

!

Figure 4. 6th Grade Hands-on Activity Descriptions (N=258) 

!

!

 N %  N % 

Solving problems 158 61% Like 86 33% 

Learning 155 60% Creative 85 33% 

Finding answers 153 59% Working alone 74 29% 

Fun 148 57% Play 73 28% 

Thinking 144 56% Challenge 69 27% 

Working with others 127 49% Asking questions 63 24% 

Easy 127 49% Intelligent 54 21% 

Team 122 47% Boring 51 20% 

Interesting 116 45% Difficult 38 15% 

IÕm good at it 100 39% Dislike 25 10% 

Working hard 95 37%    

When asked if they would like to do additional hands-on activities like the RAFT activity, 
the majority of students answered affirmatively, with 98% of fourth graders and 91% of 
sixth graders selecting “yes” or “maybe.” See Figures 5 and 6.  

 

!
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Figure 5: 4th Grade: “Would you like to do 
more hands-on activities like this?” (n=149) 

Figure 6: 6th Grade: “Would you like to do 
more hands-on activities like this?” (n=248) 

  

21 s t  Century  Sk i l l s  and Other  Benef i t s  

Classroom observations and student surveys revealed the additional benefits of the RAFT 
activities, such as the development of teamwork, a key 21st century skill. 

6th grade students were also asked to write an open-ended response to the question, 
“What did you learn from the hands-on activity you did today?” Though their answers 
varied widely, several common themes emerged from their responses. The most 
commonly addressed topic, commented on by approximately one third of the students 
who responded to this question, was the mathematical skills they learned or improved as a 
result of the activity. Breaking this category down further, cross-multiplication, ratio, and 
proportion were mentioned most often. Other math skills mentioned include sampling, 
dividing, estimating, counting, mental math, fractions, and rounding.  

“I learned how to cross-multiple and I understand fractions more.1” 

“I learned more about ratios and how they worked.” 

“You have to take a large amount of samples.” 

More than 10% of students also took this opportunity to comment on how ‘fun’ or ‘cool’ 
the activity was.  

“That it was fun and creative.” 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

1 All quotations are transcribed as they appeared in the student surveys. They preserve studentsÕ grammar, spelling 
and ideas as authentically as possible.  
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“That it helps a lot and its fun.” 

“That it was fun and it taught me alot.” 

Ten percent of students also talked about teamwork, with several comparing working in a 
team favorably to working alone.  

“I learned a fun way of doing math that involves teamwork.” 

“I learned if you work together you can achieve something.” 

“I learned that if each of you has a job on that team you will succeed.” 

“That it’s good to work with a team. It helps you get things done faster and you get 

to have fun.” 

A few students (less than 5%) also talked about not particularly liking the teamwork aspect 
of the activity: 

“People in my group get distracted or side-tracked and forget what they’re doing, 

so we can barely get any work done.” 

About 5% of students commented positively on the fact that the activity was hands-on, 
with comments such as:  

“I leaned that eyeballing isn’t easy as touching when you estimate.” 

“I learned that lerning isent all about siting in a desk with a paper and a pencil.” 

Small numbers of students also mentioned various skills and/or improvements in their own 
confidence, such as focusing on trying their best, reading carefully, and solving problems. 

“Some of the problems I didn’t get in the beginning but then I got it and it was 

easy.” 

“I learned how to make a problem from things in real life and how to solve them.” 
!

Teachers ’  React ions  to  the  Act i v i t i es  

All teachers who participated in the study were asked to complete a short survey on their 
implementation of the activities, what they thought their students learned, and any 
suggestions they had for improving the activities.  

4th and 5th grade teachers tended to use the Frack Jack activity to review or expand on 
material. The majority of these teachers were new to Frack Jack; two, however, had 
previously taught Frack Jack 3 or more times (though not necessarily to the same 
students). Several teachers commented on their students’ ability to substitute equivalent 
fractions by manipulating the pieces to check their relative sizes. A few teachers noted that 
students used this strategy without prompting. Two teachers suggested making the 
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pieces easier to use by changing them to stickers or magnets. Another teacher suggested 
using one kit per two students to create smaller groups. 

6th grade teachers varied in how they used the Salmon You Can Count On activity, though 
the majority (5) indicated that they were expanding on material. Two teachers used the 
activity to introduce new material, and two teachers were reviewing material. This was the 
first time teaching the activity for nearly all the teachers. Some teachers commented that 
the activity took longer than they anticipated, and that several reminders about behavior 
and about the directions for the activity were needed. Several teachers suggested that the 
worksheet be modified to have more space for writing, especially so that students could 
actually write down their data in a ratio or proportion format. Multiple teachers noted that 
students needed calculators for this activity. Some teachers also suggested that the group 
size be reduced to 3 or even 2 students per kit, to ensure that all students had a role in the 
group. 

C lassroom V is i ts  

Classroom observations were a key factor in capturing information that could not be 
represented on the pre and post quizzes. As stated in the observation protocol, gathering 
evidence of how students are benefitting from RAFT hands-on activities was a major goal 
of the project – and several of those benefits, including student engagement and 21st 
century skills such as group dynamics, are more readily apparent in person than on a quiz. 
Several vignettes are selected here to illustrate those additional benefits beyond content 
learning.  

234&5"+6,7&8&!"#$%&'#$%&

Ms. Brown teaches a 4th grade classroom made up largely of children speaking both 
Spanish and English. She noted during the visit that her students were in the “lower group” 
of 4th grade math, and the results of the pre and post content quizzes do seem to reflect 
that status (the students’ mean scores remained steady at 1.79/5). Though the 
quantitative scores for this class were relatively low, evidence of learning, engagement, 
and behavior related to 21st century skills was very high within the classroom.  

From the very beginning of the activity, students were highly engaged. Ms. Brown 
introduced the RAFT staff member present as “one of the people who helped make this 
math activity that we are going to do,” and students reacted with oohs and aahs, thanking 
RAFT for making the activity. Some students recognized that they had done the activity in 
class the previous year, and were excited to do it again. Ms. Brown continued to prepare 
them for the activity by engaging in a demonstration with one of her students, encouraging 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

*!Note that all teachers are identified with pseudonyms to protect their privacy an d that of their students. !
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the wider group to offer their reactions and advice as she played one round as an 
example. Students offered positive reinforcement and suggestions, making comments 
such as, “Nice one!” and “You need three purples – you could change it, they’re equal!” 
Students were commended for these comments, allowing them not only to demonstrate 
their engagement and excitement, but also reinforcing valuable team behavior. 

As the students broke up into smaller groups to begin playing on their own, there were 
several calls to the teacher for reminders on the instructions. Once they began playing 
though, peers served as resources as students egged each other on in choosing whether 
to continue adding pieces to their circles. In a mix of Spanish and English, students teased 
each other with comments such as, “you’re gonna get busted” and revealed their 
continued learning and experimentation with comments such as “oh I never knew that!” 
when one student showed another that 3/12 was the same as ! . At least one group 
organized all their fractions pieces into separate piles, keeping all the fourths together, all 
the thirds, etc., as opposed to digging through the entire pile for a particular piece. 
Students often tested equivalent fractions spatially, by laying pieces on top of each other 
to check their relative sizes. One student commented, “I like to make the fractions fit in 
here,” showing his awareness of the many different ways to make a whole. 

Students in Ms. Brown’s class showed excellent behavior and control by stopping the 
activity after a few rounds to complete their post quizzes. They worked quietly but needed 
Ms. Brown’s help on several of the vocabulary words. After the quiz, they continued 
playing and again showed outstanding teamwork and reinforcement, while continuing to 
rely on their spatial reasoning to determine fractional equivalents.  

234&9:,%&8&!"#$%&'#$%&

Ms. Pink’s customization of the Frack Jack activity served as a great example of meeting 
student needs while allowing for greater synthesis and learning. Ms. Pink structured the 
lesson into four parts: 1) What I know about fractions 2) Exploring 3) I do, we do, you do 
and 4) Sharing discoveries. By adding time for student exploration and reflection, Ms. Pink 
supported the students in making connections between the activity and their daily lives: 

“When in your life do you use fractions?” 

“When there is a birthday cake, and we have to cut it or divide it into smaller parts.” 

Another way that Ms. Pink encouraged student learning was through the use of 
vocabulary. Before beginning the activity, she posted a fraction vocabulary sheet on the 
board and had students say the terms together as a class. Students continued to use 
these words throughout the lesson. It is possible that this focus on the language of math 
may have helped Ms. Pink’s students in their post-quiz results (they improved from 2.31/5 
to 2.86/5, the biggest mean change among the Frack Jack classrooms).  
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When students shared the discoveries they made while playing, both learning and 
engagement were readily apparent: 

“Different size fractions can get together to create different fractions.” 

“Eight twelfths and two sixths makes a whole.” 

“If you multiply the numerator by 2, it tells you what the denominator would be for a 

!  fraction.” 

Lastly, Ms. Pink had also modified the rules of the activity itself. Each student was 
awarded two cards, and the group had to determine who had come the closest to one 
whole without going over. This change seemed to help students focus on the relative size 
of the fractions and what combinations worked best, rather than playing through quickly or 
risking a bust.  

2"4&;+)<&8&(#)*+,&-+.&/#,&/+.,0&1, &

Mr. Gold’s class proved to be a very interesting case as his small group of students was 
made up of 6th, 7th, and 8th graders with various learning disabilities. Though he expressed 
concern about his students’ attention spans and ability to perform well on the quizzes, his 
implementation of the lesson nevertheless resulted in fairly high gains for his classroom (an 
increase of .88 from pre to post).  

Though Mr. Gold had just ten students in this particular class (Gold 3), he also had a 
teaching assistant to help him control classroom behavior. Several of the students got 
distracted very easily, and throughout the lesson there were multiple reminders to refocus 
their energy and stay on task. Mr. Gold worked hard to ensure student success in this 
area, with a clear agenda posted on the board, reminders about the different phases of the 
activity, and reinforcement as students moved from one section to the next. He also made 
an effort to contextualize the lesson for his students, showing pictures of fish in a lake pen 
and underwater, and asking students to determine how many of the fish had green dots 
on them, a representation of the ‘tagging’ and sampling they were about to perform 
themselves.  

Students in this classroom worked in assigned pairs, and were often assisted by Mr. Gold 
and his helper. Although the students were very excited to use the kit materials, they 
seemed to treat the activity as a privilege, moreso than some other observed classes. Mr. 
Gold’s students counted their discs very carefully, kept track of dropped pieces, and did 
not treat the boxes as noisemakers when mixing up the discs. They asked questions 
about appropriate sample size, laughing when one student grabbed a big handful of discs 
and then decided that was too much to count. He determined that he should “throw out” 
that sample and start over. One student noted that you “don’t look at it, that’s why it’s 
called random sample.” These smaller groups of two students were able to progress more 
easily through the ten trials, receiving feedback from the larger group and the teacher, than 
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other classrooms, which had to spend more time on role management. Students also 
showed just how invested they were in the activity when they were disappointed that their 
initial estimates and their final results didn’t match. Mr. Gold reminded them that “this is 
statistics – you can’t get it perfect, but this is the best I’ve seen yet,” and one student 
responded “oh yeah, unless you do it like a thousand times” – demonstrating a larger 
conceptual understanding of sampling practices. 

C o n c l u s i o n s   

Rockman et al’s evaluation of two RAFT hands-on activities demonstrates the ways in 
which a single, hour-long activity can have an immediate, discernable impact on students’ 
learning, engagement, and 21st century skills. Not only did students enthusiastically 
embrace the opportunity to do hands-on work, they generally managed to stay on task, 
share responsibilities with their teammates, encourage one another, and develop some 
mathematics skills in the process. 

Students’ quiz score increases (with regards to subtracting fractions and setting up 
proportions) were not only statistically significant, but follow logically from their behavior 
during the activity. The pre-quizzes showed that students came in knowing how to identify 
fractions and solve proportion word problems. During the hands-on activities, students 
had the opportunity to expand on those skills – in Frack Jack by adding and subtracting 
fractions from a whole, and in Salmon by setting up and solving word problems in a real-
life setting. It stands to follow then that students would be more likely to get the fraction 
subtraction and proportion set-up questions correct on the post-quiz. 

Furthermore, the classroom observations and student post quizzes highlight the added 
benefits of hands-on activities. Students had to work together to solve problems and 
experienced the highs and occasional lows of being part of a team. They got to have fun 
and do something they thought they thought they were good at. Nearly equal numbers of 
fourth graders described the activity with “learning” as with “play” – an affirmation from the 
children themselves that education does not have to come at the expense of fun. 

While hands-on activities have long had a reputation for being effective strategies for 
promoting learning, the value of those activities is heavily influenced by the quality of 
teacher implementation (Brophy & Alleman, 1991). Our evaluation also documented 
numerous ways in which the quality of activity implementation influenced students’ 
success. The most successful teachers scaffolded the RAFT hands-on activities for their 
students, whether by providing a “word wall” of mathematics vocabulary, closely 
monitoring group behavior, or even bringing in a whole salmon to illustrate exactly what the 
small plastic chips were meant to represent. We encourage further thought as to how best 
to leverage and share those promising implementation strategies so that all teachers – 
even those who may be less experienced with hands-on activities – can get the highest 
return on investment from RAFT’s hands-on activity kits.  
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R e c o m m e n d a t i o n s  

Recommendat ions  fo r  the  Rev is ion  o f  RAFT Hands-on Act i v i t i es  

Based on the observations and other findings, we suggest the following possible revisions 
to the Frack Jack and Salmon You Can Count On activities. Teachers also suggested 
similar changes, both in their surveys and in the ways they modified the activities for their 
own classrooms.   

!"#$%&'#$%&

(1) Soften the focus on winning versus learning. Students were naturally very excited to 
play, and getting the chance to ‘win’ a round is certainly a factor in their 
engagement. However, at times the race to win by filling up their circles took 
precedence over thoughtful application of math skills and the potential for additional 
learning. More than one REA observer noted that students seemed to race for more 
pieces, pushing to fill their circles as quickly as possible, rather than considering 
whether it was wise to take another piece. Providing suggestions on different ways 
to play, such as the modification made by Ms. Pink (noted above), would allow 
teachers to easily adapt the activity to suit their students’ personalities and maturity 
levels.  

(2) Change the number of kits per class/test kit pieces for appropriate frequency. 
Classes that worked in groups of two or three students per kit seemed to have 
fewer issues with distraction and competition over pieces. The larger groups also 
encountered roadblocks when they would run out of certain pieces. Though they 
could often substitute an equivalent larger fraction (such as 1/3 for 4/12) and return 
the small pieces to their pot, it seemed that the frequency of the pieces and cards 
to the number of suggested students was a bit off.   

(3) Back up spatial reasoning with math skills. Multiple observers noted that students 
squeezed pieces together, sometimes overlapping them, to essentially guess at 
whether they had one whole or not. To encourage students to couple their spatial 
reasoning with their math skills, they might call out ‘Frack Jack!’ when they think 
they have a whole, and then be required to add up all their fractions to see if they 
reach a total of one.  

(4) Change the kit materials. Because several students were relying on the size of the 
pieces themselves, imprecise cutting of the cardboard occasionally led to some 
confusion. Having many small pieces on top of a circle was also sometimes difficult 
for the students to manage, as the pieces moved around or slid off the circle. 
Teachers suggested magnets or stickers as a possible substitute; a thicker 
cardboard for the pieces or a lip around the edge of the circle might also help.  
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(1) Change the variable labels. Students and even some teachers easily confused the 
two variables T (Total number of tagged salmon) and t (tagged salmon in the 
sample). Although it makes sense in a scientific manner for these two variables to 
be related, not being able to distinguish the two affected several groups’ 
calculations. Consider changing these to different letters, or a pair of letters that has 
a greater visual difference between its upper and lower case forms.  

(2) Recommend fewer trials. Taking an average of ten trials makes for easy division, 
and the repetition does help students see an increase in accuracy over time. 
However, nearly all students used calculators for this activity, and nearly all the 
classes observed had at least one group run out of time before ten trials could be 
completed. Consider shortening the number of trials to 8 or fewer, perhaps taking 
one average halfway through, and another at the end. 

(3) Provide more kits per classroom and/or assign roles. Classrooms that had 4 
students per group had noticeably more confusion, cross-talking, and group 
members being left out of the process. Groups of 2 or 3 fared better, as each 
group member had a clear role (or could take turns trying different roles). Though 
many groups ended up assigning these roles on their own, some teachers 
suggested dividing the tasks this way: one person to pick out the sample and count 
it, one person to record the results, one person to use the calculator.  

(4) Redesign the worksheet. Multiple teachers called attention to the fact that though 
the Salmon activity focused on proportions, there was not actually space in the 
worksheet for students to set up their calculations as proportions. Setting up the 
proportions visually in a bigger white space may help students’ proportional 
reasoning, as opposed to simply plugging the numbers into a formula on a 
calculator.  

5+0=&>$0:?:0:@3&

As they stand, the RAFT hands-on activity sheets mostly contain information for 
assembling and carrying out the activity with students, but offer little advice on how to 
introduce the activity or debrief it afterwards. Brophy and Alleman (1991) in their principles 
for the design, selection and evaluation of activities, observe: 

If students are to get the intended learning benefits from engaging in an activity, 
they will need to understand its intended purposes and what these imply about how 
they should respond to the activity. These understandings are not self-evident, so 
teachers will need to develop them in the process of introducing the activity to the 
students. (21) 
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and 

Activities should be brought to closure in ways that link them to their intended goals 
and purposes. For students, this means opportunities to assess performance and 
to correct and learn from mistakes. (22, emphasis in the original). 

While evaluators observed some teachers giving the activity a beginning, middle, and end, 
others struggled to set up the activity and later faced numerous questions. On a related 
note, while all teachers were encouraged to review the results of the pre-quiz before doing 
the activity, it was not clear that all of them had done so. Part of being able to set up an 
activity appropriately requires understanding students’ prior knowledge, cueing that 
knowledge, and making modifications to the activity.  

Future instantiations of the RAFT hands-on activity sheets might include concrete 
suggestions for setting up and concluding the activity, as well as assessing students’ 
performance before, during, and after the activity. The assessment strategies need not be 
limited to pencil and paper tests – indeed, just as one student noted that “lerning isent all 
about siting in a desk with a paper and a pencil,” neither is assessment restricted to how 
well students respond to multiple choice and short answer tests. Sensitizing teachers to 
the verbal and nonverbal ways students might demonstrate their understanding during an 
activity, combined with advice on how to give the activity a clear beginning, middle, and 
end will help teachers and their students reap the greatest benefits from hands-on 
learning.  

Recommendations for Addit ional Research on RAFT Hands-on Activit ies 

Based on the findings of our evaluation, we suggest the following directions for continued 
research on RAFT’s hands-on activities. 

(1) Expand to other subject areas. The methods used to evaluate two hands-on 
mathematics activities in this report could be replicated to study RAFT products in 
other subjects. Science would be the most promising area for exploration because 
of the number of available RAFT hands-on activities and the extensive resources 
available for science assessment including the National Assessment of Educational 
Progress (NAEP)’s question database. 

(2) Expand the timeframe for the study of RAFT hands-on activities. This study looked 
at two hands-on activities over a short period of time. The activities themselves 
were completed in a single sitting, with the post-test administered one to two days 
afterward. Additional studies might look at students’ retention of knowledge by 
testing them again after a set period of time (e.g., two weeks or one month).  



RAFT Evaluation Report 18!

It may also be valuable to investigate the relationship between the frequency of 
RAFT hands-on activities and student learning. Do the students of teachers who 
report using RAFT hands-on activities on a regular basis have greater 
improvements in attitudes and knowledge than teachers who rarely or never use 
RAFT resources? This type of study would work with teachers over the course of 
an instructional unit such as fraction multiplication and division, electricity and 
magnetism, or perimeter, area, and volume. Teachers would have the option of 
implementing one or more RAFT hands-on activities during the unit. During the 
analysis, researchers could divide teachers into two or three groups, depending on 
the number of activities used, and then compare the gains on student quizzes 
across those groups. Ideally, teachers would be able to administer a post-quiz one 
to two days after the unit and a second post-quiz a month later to track retention. A 
study of this nature would demonstrate how RAFT hands-on activities in aggregate 
strengthen student understanding.  

(3) Evaluate revisions to existing materials. Finally, the classroom observations and 
teacher surveys in this study provided a number of promising recommendations for 
enhancing the Salmon You Can Count On and Frack Jack activities. Any of these 
revisions could be the subject of a small-scale efficacy study. RAFT might consider 
revising the two activities and then pilot-testing them with the teachers from this 
study. Classroom observations, teacher interviews, and pre and post-quizzes could 
provide initial evidence that the revised activity sheets are working as intended and 
are leading to the expected learning gains.  

It might even be possible to carry out two or more rounds of design, deployment, 
evaluation, and redesign. In a case like this, RAFT staff would revise the hands-on 
activity sheets, pilot-test them with one or two classes, revise the materials again, 
and try them out with a new set of teachers and students. Such a strategy would 
enable RAFT staff to gradually and continuously refine the hands-on activities until 
they, the teachers, and the students are satisfied with the final product. 
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A p p e n d i c e s  

Append ix  A .  Qu iz  Quest ions  

!

Table 1. Fourth Grade Quiz Questions 

Question Question type – 
content and format 

Pre-Quiz Post-Quiz 

1 Comparing fractions 

(multiple choice) 

Which fraction represents the 
largest part of a whole? 

Which fraction represents the 
smallest part of a whole? 

2 Adding fractions 

(short answer) 

2/6 + 3/6 = _______ 2/5 + 3/5 = _______ 

3 Constructing fractions 

(short answer) 

Color the box so that it is !  
shaded. 

Color the box so that it is 2/3 
shaded. 

4 Subtracting fractions 

(multiple choice) 

Maria had 1 apple. She ate 3/8 of 
the apple. How much of the 
apple does she have left? 

Darrell had 1 orange. He ate 4/6 
of the orange. How much of the 
orange does he have left? 

5 Identifying fractions 

(multiple choice) 

How much of this circle is 
shaded? 

How much of this circle is 
shaded? 

!

Table 2. Sixth Grade Quiz Questions 

Question Question type – 
content and format 

Pre-Quiz Post-Quiz 

1 Solving proportions 

(multiple choice) 

A company makes 7 jackets for 
every 4 shirts it makes. If the 
company makes 28 shirts in one 
day, how many jackets will it 
make? 

A company makes 5 blue cars for 
every 3 white cars it makes. If the 
company makes 15 white cars in 
one day, how many blue cars will 
it make?  

2 Solving proportions 

(short answer) 

If 1 out of every 20 students is 
left-handed, how many left-
handed students would there be 
in a school with 300 students?  

If 1 out of every 30 students has 
red hair, how many students with 
red hair would there be in a school 
with 600 students?  

3 Solving proportions 

(short answer) 

Solve for x.  

X/30 = 8/2 

Solve for x.  

X/30 = 15/5 

4 Identifying ratios 

(multiple choice) 

According to the table (not 
shown here), what is the ratio of 
the number of silver cars to the 
number of blue cars? 

According to the table (not shown 
here), what is the ratio of the 
number of dogs to the number of 
rabbits? 

5 Setting up proportion 
problems 

(multiple choice) 

Luis can run 16 miles in 4 hours. 
Which proportion could be solved 
to find X, the number of hours he 
needs to run 26 miles? 

Rachel needs 12 lemons to make 
6 glasses of lemonade. Which 
proportion could be solved to find 
x, the number of lemons she 
needs to make 10 glasses?  

!
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Append ix  B.  S tudent  Comments  

A full list of student responses to the question “What did you learn from this activity?” is 
included below. This open-ended question was asked only on the 6th graders’ post-quiz. 

What did you learn from the fraction game/ hands-on activity you played today? 

1 I learned ratios are fun to do / 2 I kinow how to do it 

A new math skill. 

A lot 

alot of stuff will I really can't describ this 

alot that I learned 

Boring 

Boring 

Creative, Play, and Working with others. 

Dividing 

Division 

Estimation 

Everything 

Find the ratio of what you took 

how all the math we have been doing works 

How many fish (type or color) there are in the place. 

how many fish get tagged 

how to cont good 

How to cross multiply more 

How to do math mentally 

How to do math mentally! 

How to do those kind of problems. 

How to estimate 

How to figure out the number of tagged and total salmon. Also I learned ratios better. 

How to find out how many circles are in the [unclear] HA HA. 

how to find ratios 

how to have fun 

How to solve proportions better. 

How to work with a team. 

I alredy know all this 

I can learn ways 

I didn't learn anything because it was review and it was very easy. 

I didn't really learn anything it was review 
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I didn't really understand it. 

I do not no 

I do not think this had anything in my mind having to do with proportions 

I don't know 

I don't know 

I don't now 

I dont know 

I hadn't done that before so I did learn a few new things.  

I just learned that working alone and thinking makes it easy. 

I know it all 

I leaned more about estimating and rounding. 

I leaned that eyeballing isn't easy as touching when yos estimate 

I leard that it was the way that thay know how many samon thair are 

I leared how to estimate how many fish are in a pond by taking small sections. 

I learn 

I learn a population of fish 

I learn about aney number use math t reall world situation 

I learn about ratio 

I learn alot activitys for math and we just did I don't no name 

I learn how they gess how many fish are there. 

I learn how to divided and muiltiplied to get the answers 

I learn how to do Area and Perimeter and it help me understand it more. 

I learn how to multiply in difrent tings 

I learn how to predict ratio sizes. 

I learn nothing! 

I learn that it can kind of easy and fun to learn 

I learn that you can do math with it 

I learn that you cud do alot of activity with your hands. 

I learn to use a table for finding the ratio of something. 

I learn what numbers were r and T. 

I learnd more about cross multiplay? 

I learnd proportion. 

I learned a fun way of doing math that involves teamwork. 

I learned a lot 

I learned a lot of the math that we did 

I learned a lot. 

I learned a whlle lot of new things and it was also fun. 

I learned about esimating. 



RAFT Evaluation Report 23!

I learned about preportions and ratios. 

I learned about ratio and proportion 

I learned different ways to find the answer. 

I learned how fish get tagged and work together. 

I learned how tagged fish randomly can make different proportions 

I learned how to cross multiply and I understand fractions more. 

I learned how to cross multiply to solve X. 

I learned how to cross multiply with the hands on activity. 

I learned how to cross multiply, proportion, ect. and I learned it all from "frapjack, and salmon fishing. 

I learned how to cross multiply. 

I learned how to cross-multiply and to divide answers you get. 

I learned how to cross-multiply numbers. 

I learned how to divide 

I learned how to do preportions but I already knew how. It wasn't a challenge because it felt like review. I would do 
it again with something I haven't already learned. 

I learned how to estimat. and team work 

I learned how to estimate. 

I learned how to guess and estimate better during math. 

I learned how to make a problem from things in real life and how to solve them. 

I learned how to make porprotions 

I learned how to organize the problem from a sentence. Also, I learned how to cross multiply. 

I learned how to put the numbers in the cross multypling. 

I learned how to see about how many fish live in a pond and how to do it. 

I learned how to solve for x and to cross-multiply. 

I learned how to solve problems. 

I learned how to solve proportion problems 

I learned how to use the data that you have to predict the whole #. 

I learned how to work with others using diffrent thing's to learn proportion 

I learned if you work together you can achieve something. 

I learned more about division and muiltipication and estimating the tagged eggs and non-tagged eggs 

I learned more about Ratio Charts. 

I learned more about ratios and how they worked. 

I learned more about subject by showing my work and just trying my best.  

I learned more porportion and that my group didn't do anything only Jose and me (Ashley) 

I learned my whole table is lazy because they didn't help me. It was fun, easy sort of. 

I learned proportions, rates, ratios, graphing, & more it was a cool way of doing things 

I learned some math proublems and they were a little bit easy. 

I learned that after you pay realy good attention it seems easy. 
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I learned that education is like learning more. 

I learned that even though people are bad at proportion and ratios etc. you can still try until you get it. 

I learned that hands on activity make learning fun. 

I learned that I work better in group then by my self because it makes it funer and easy. 

I learned that if each of you has a job on that team you will succeed. 

I learned that if I work hard I'll have a better time with math 

I learned that if you play with other sis funer and not boring. 

I learned that if you Tag somthing and put it back you can yous your hand and put it into a fraction 

I learned that it can be hard finding how many fishes are inside withou counting them. 

I learned that it is easy to do math in that method. 

I learned that it is never hard is you try. 

I learned that it makes me think. 

I learned that it shows words that describe you how you feel now or how you think the test is now. 

I learned that it's important to work together 

I learned that lerning isent all about siting in a desk with a paper and a pencil 

I learned that math could be very fun.  

I learned that math is fun 

I learned that math is pretty easy. Just put your head in the game.  

I learned that our estimate was very close to the real answer. 

I learned that team work can be easy 

I learned that the fishy's were plastic and i also learned how to estimate 

I learned that useing math it will help you. 

I learned that when doing the hands-on activity you have to think back on what you did before. 

I learned that when you don't understand a problem you could very hard and not give up. 

I learned that when you estimate better. 

I learned that you can have fun even if your learning with others. 

I learned that you can have ratio and proportion in anything 

I learned that you can use ratios for everything around you. 

I learned that you can work with others. Also that its fun. 

I learned that you could have fun eaven if youre learning. 

I learned the cross multiplying 

I learned the u can acually play a game useing your hands and write down what u got 

I learned to read the steps carefully before jumping to the answer. 

I learnt how to use proportions 

I like doing it than doing bookwork. 

I like how we all worked to gether. 

I like when It Say Fun and Play. 

I like working in peace 
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I liked to count litle disks on fishing salmon. I also liked playing with my friends. 

I lurn about hau mutiply ocros wit x. 

I multiplied the important numbers and then divided. 

I think I learned and helped me understand the lesson better. 

I think its good doing it because it good practice for the star test 

I under stood how to do these problems 

I understood more the fractions. 

IDK 

Is that you need to work together and listen to each other to find the right or close answer 

It has lots of food chains that start from planton - bioplankton - fish Ð tunafish 

It was easy and fast / 1) Working alone / 2) Learning / 3) Working hard / 4) Finding answers / 5) Solving problems 
/ 6) Working with others 

It was fun and easy. It makes you think hard.  

It was really fun, we did a fun activity. That we hadded to multiply, and add. 

Its important to work as a team and to all pitch in a help find awnsers and solve problems 

Its not fun with Mr. Mac to teach. It was so slow. I didn't touch the fishes. 

Learn more 

learn that you can divide alot of stuff with fraction 

learning how to do porportions and ratios. 

Learning. 

like how to count and sore prompls alone 

Molteplacashin / Deveshin 

more about ratios. 

Mostly nothing so yea :p 

not much 

not really sure =( 

not that much. all it was for me was having a little fun at math class. 

Nothing 

Nothing 

nothing :( 

nothing new. I'm not very clear at this. 

nothing really 

nothing really 

Noting 

Perportions 

Show my work. 

Some of the problems I didn't get in the beginning but then I got it and it was easy. 

Subtract to smallest to greatest on math on problems 
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tha matieba ther chost todont. 

that doing the problem is better than estamating. 

that I have to work to be alone. 

That I need to look at the problem more carefully. 

That if there are 1 out of every 30 kids who have red hair and there are 600 kids there's 20 kids with red hair. 

that im good at it. 

that instead of counting every fish in a lake I can count some and find out the rest 

That it helps a lot and its fun. 

That it is easier now to do the hand activity with a Partner. 

That it is fun and that you get to work with the group of your table to try and work hard. 

That it is really easy if I try hard enough. 

that it needed ever ones help 

That it was fun and creative. 

That it was fun and it taught me alot. 

that it was to easy 

That it's fun working with others. 

That it's good to work with a team. It helps you get things done faster and you get to have fun.  

That it's hard to get the right answer of salmon in a place 

That it's really difficult. 

That it's werid and that it's too much counting. 

that math is not hard if you pay attention. 

That samples can't end up true. 

That sometimes everything has math. 

That the formula doesn't work well because most people got numbers way of the actual amount only about 1 or 2 
got very close. 

That theis salmon are a unlimited number of fish. 

That there are words that describe hands-on activity 

That there is different types of math 

That there were a lot of fish in a pond. 

That using proportions can make your job easy! And there's a lot of salmon. 

That we have to multiply 

that when you are doing ratios you dont always dont have to sample fly. 

That working alone is better than working in team because they fool around. 

That you get to learn thing it interesting, work with others and solve problems 

That you have to always divide in math 

That you have to do a lot of work but it is really fun. 

That you have to work had to find an answer 

That you need other diffrent things 
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That you need to pay attention to get goo scores on you're grades 

The write anser different ways 

there are a lot of questions 

They are fun 

To be able to learn and 2 be created & learn lots of new stuff. 

to estimate 

To Find Ratios 

To make a lot of guesses 

To make closer guess to the answer without doing the whole problem 

TRY HARD? 

Um not much 

We are lerning about crossmultiply and propotion 

We find some ratios that I learnd and it was fun. 

We just did work to gether 

We learned by fishing samon because, it helps with cross multiplication and proportions 

We learned how to do math mentally. 

We learned to estimate the salmons in the pond. 

Well I learned how to work in a team and together. 

What I just learn on hands-on ativity was to put an x on a fraction. 

What I learned about hands-on activity is that it makes you think wat you did on the test. 

What I learned from the hands-on activity I just did was to find proportions and figure out tratios. That hands-on 
activitie was called salmon fishing. 

what I learned today was more of proportions. 

What I learned was that to use the strategies that the teacher teaches us. 

What I learned was what to use 

What's the difference between Math! 

Work Learn Solve. 

working alone makes yo think more / finding and solveing problems in case its by yourself. 

Working to solve the answers it is not that hard to me. 

Yes and no 

You can get ratios from random numbers of salmon 

You have to multiply and divide. 

You have to take a large amount of samples 

you have to think to get the answer 
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Append ix  C.  Procedures  
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To carry out this study in a way that offered the greatest chances for success, REA 
operated under the following constraints: 

! 20 – 30 classrooms, ideally all from the same grade; 
! Classrooms with low absentee rates to ensure that most of the same students 

would be present for the pre and post surveys; 
! All teachers would teach the same unit or subject matter (e.g., proportional 

reasoning, electricity), ideally to introduce a concept rather than review it.  

B#,<3C+,&>$0:?:0D&(@)@$0:+,&

Evaluators, in collaboration with RAFT staff, distributed an online screening survey to 
members of RAFT to identify the hands-on activities to be studied and recruit potential 
teachers. As an incentive for participation, teachers were told that ten individuals would be 
randomly selected to receive a $25 RAFT gift card from the pool that responded during the 
two weeks that the survey was open. 

The screening survey was targeted to 4th through 7th grade teachers and asked them when 
they planned to teach selected mathematics and science standards for which RAFT had 
hands-on activity kits. Teachers could indicate if they had already taught the standard, 
planned to teach it between January and March 2011 (the planned study window), or 
would teach it in April or later. The next portion of the survey asked teachers for 
information about the frequency with which they used hands-on activities and their 
attitudes toward the value of hands-on learning. A final question asked teachers if they 
would be interested in participating in a study of the impact of RAFT resources.  

Nearly 200 teachers responded to the survey. Evaluators and RAFT staff narrowed down 
the possible study topics by identifying the standards that teachers most frequently 
planned to begin teaching between January and March (as opposed to having taught that 
standard prior to January and continuing to teach it through the start of 2011). RAFT staff 
then identified possible hands-on activities that corresponded with the most frequently 
taught standards.  

Ultimately, the evaluation team decided that there would not be enough teachers if they 
limited the study to one hands-on activity. They selected two mathematics activities – 
Frack Jack (4th and 5th grades), an activity to teach fraction concepts; and Salmon You 
Can Count On (6th grade), an activity that uses proportions to estimate populations. 
Conceptually, the fractions and proportional reasoning standards taught in these activities 
are curriculum focal points deemed “the most important mathematical topics for each 
grade level” (NCTM, 2011).  
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Once the evaluators and RAFT staff had selected the two hands-on activities, they 
identified eligible teachers from the screening survey for recruitment. To be eligible, a 
teacher must have: (a) indicated a willingness to be contacted about the study; (b) 
indicated that they were teaching fractions or proportional reasoning between January and 
March but not before; and (c) stated that they do at least 1 hands-on activity with their 
students in a year. 

The evaluation team (REA evaluators and RAFT staff) assigned teachers within this sample 
to one of two conditions: (a) quiz only; and (b) quiz and observation. In the former 
condition, teachers were asked to administer a pre-quiz, do the RAFT hands-on activity, 
and then administer a post-quiz. In the observation condition, teachers were asked to 
administer the pre and post-quizzes in addition to having their class observed on the day 
that they did the RAFT hands-on activity. The evaluation team chose to observe teachers 
who had indicated that they did hands-on activities at least 5-10 times per year and 
preferably did RAFT activities often. They selected 10 teachers for observations and 20 for 
the quiz only, for a total of 30 possible teachers. 

Recruited teachers received an email sent through RAFT’s Constant Contact system 
inviting them to participate in the study, describing what that participation would entail, and 
outlining the incentives they would receive as a thank you (two $25 RAFT gift cards for all 
teachers plus an additional $100 check for the observation teachers). At the end of the 
email there was a link to an online survey where teachers could RSVP. A RAFT staff 
member used Constant Contact to track which teachers had opened the email message; 
over the next couple of weeks, the evaluation team resent emails, made phone calls and 
relied on personal contacts to reach non-responding teachers. In the end, all ten of the 
teachers contacted for observations agreed to participate, as did seven of the quiz only 
teachers. Due to a scheduling issue, nine classes were observed. A total of 23 classes 
(some teachers had more than one class) submitted their quiz data.   

F,30".*@,03&

Evaluators developed three kinds of instruments for the study: quizzes, an observation 
protocol, and a teacher implementation survey. 

?MI!FQP!?KRN=ALSTTIR!

First, evaluators created short, grade level-specific pre and post-quizzes to assess 
students’ mathematical knowledge of and engagement with the hands-on activity. To 
create the knowledge questions, evaluators looked at existing released standardized tests 
for items aligned to the standards addressed by the two RAFT hands-on activities being 
studied. Evaluators primarily consulted released test questions from the 4th, 5th and 6th 
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grade California Standards Tests in mathematics from 2003 – 2008. They also looked at 
released items from the 4th grade National Assessment of Educational Progress (NAEP), 
the Third International Mathematics and Science Study (TIMMS) and the Virginia Standards 
of Learning (SoLs) – all resources with large collections of searchable items and easy-to-
use instrument databases. These databases yielded a collection of items that students 
would be able to answer by applying knowledge gained from the RAFT hands-on 
activities.  

Evaluators also wanted the quizzes to include items that mirrored what students were 
doing in the RAFT activities as closely as possible. For instance, in Salmon You Can Count 
On, students estimate the total number of salmon in a sample knowing that there are 30 
tagged salmon in the population. Students count the number of tagged and untagged 
“salmon” (aka, plastic chips) in 10 samples and then solve proportion problems with 30 in 
the denominator for the proportion of salmon in the total population they are trying to 
estimate. Evaluators therefore created a proportion problem with numbers similar to the 
ones students were expected to encounter in the salmon activity and asked students to 
solve for an unknown value. The item was intended to look exactly like the problems 
students would solve during the activity, right down to the unknown value being located in 
the same place in the proportion.  

Evaluators eventually drafted five items for each grade level test and sent them to RAFT for 
review and comment. Much of this feedback focused on simplifying the numbers and 
wording to make the items more accessible to students with limited reading skills and/or 
English language proficiency. Once those items had been approved, evaluators generated 
a second, parallel set of items using the same question format but altering the numbers, 
names or word problem situation. For instance, a 4th grade pre item asked how much of 
an apple Maria would have left after she ate 3/8 of it. The post item repeated this question, 
only this time asking about Darrell who had eaten 4/6 of an orange. After evaluators had 
created the parallel items, they paired the items in the two sets by content (e.g., 
subtracting fractions, setting up proportions) and randomly assigned one item per pair to 
each quiz.  

In one final round of item revision, evaluators arranged the options in the multiple choice 
items from the smallest values to the greatest and checked the answer to ensure that 
there were no discernable patterns of correct responses (e.g., several “A”s in a row, or an 
“A-B-C” set of answers). The final sets of items appear in the Appendix. 

The post-quiz had an additional section to gauge students’ engagement with the hands-
on activity. First, students were given a set of 21 words (e.g., “like,” “challenge,” “I’m good 
at it”) and asked to circle the words that described the activity they had just done. 
Students were next asked if they would like to do more hands-on activities “like this.” Fifth 
and sixth graders were also asked what they learned from the activity. 
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Evaluators created a protocol for observing the RAFT hands-on activities by adapting a 
measure that had been constructed to observe teacher professional development (Bass & 
Mushlin, 2010). The purpose of the protocol was to gather evidence of how students are 
benefitting from RAFT hands-on activities by watching students and teachers in action. 
Observers were expected to use the protocol to gather evidence about student 
engagement, mathematical thinking, group dynamics (a proxy for 21st century skills), and 
teacher implementation of the hands-on activity.  
 
The protocol was divided into four parts: (a) background information; (b) observation 
records; (c) teacher interview; (d) reflection. In the background information section, 
observers sketched a diagram of the classroom, and described the number of students 
and other contextual factors necessary to understand the observation. In the observation 
records section, observers kept a running record of what was taking place in the 
classroom, including quotations when possible. Observers then coded the type of activity 
they saw happening as engagement, mathematical thinking, group dynamics, teacher 
implementation, or other. 
 
The teacher interview section contained a few questions about teachers’ implementation 
of the RAFT activity. Observers could ask the questions if they had time; if not, the same 
questions appeared on a survey that teachers were asked to complete after the activity. 
The reflection section consisted of three questions intended to help observers summarize 
their overall impressions of the observation.  
 
Evaluators also prepared instructions for the protocol – both a table defining the concepts 
being observed (with examples) and a “tips sheet” describing what to do before, during, 
and after the observation. Both documents were created to ensure consistency across the 
multiple REA and RAFT staff members who would be visiting the classrooms. 
 

,IFYOIM!/LM\I]!

In order to gather data about teachers’ implementation of the RAFT hands-on activities 
(especially for the classes that were not going to be observed), evaluators constructed a 
short survey for teachers to complete after the activity. The survey asked: (a) if teachers 
were using the activity to introduce, review, or expand on concepts; (b) how often the 
teachers had taught the activity previously; (c) whether the activity had been implemented 
as planned; (d) what teachers thought students had learned from the activity; and (e) 
whether the teachers had any suggestions for improving the activity.  

G#0#&/+))@$0:+,&

Participating teachers were asked to go to the nearest RAFT warehouse (in San Jose or 
Redwood City) and pick up a packet with materials. The packet included enough RAFT 
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hands-on activity kits for their classes as well as permission slips, pre and post-quizzes, 
and a brief teacher survey. The packet also contained a welcome letter, study instructions, 
postage-paid envelopes to return the quizzes, and a $25 RAFT gift card.  

Evaluators contacted all of the teachers who agreed to participate in the classroom 
observations to arrange the visit. During that visit, they were generally able to pick up the 
pre-quizzes and often the post materials as well. From late January to early April, 
evaluators monitored the return of the study materials, emailing or calling teachers to find 
out if they had done the activity and when we could expect to receive the quizzes. Of the 
17 teachers who originally agreed to participate, all but two returned their study materials.  

All told, evaluators gathered data through teacher-administered student pre and post-
quizzes. A total of 458 students from 23 different classes and 17 teachers completed both 
quizzes (Table 3).  

Table 3: Pre and Post-Quiz Respondents (n=458) 

Grade  
Number of Student 

Respondents  
Number of Classes  

4th  155  7 

5th  45  2 

6th  258  15  

Total s:  458  23 *  

*one classroom contained a mix of 4th and 5th graders 

G#0#&>,#)D3:3&

Evaluators used a variety of strategies to make sense of the data collected. For the quiz 
data, they totaled up the number of correct items on each quiz (giving one point per item, 
for a maximum score of 5 points per quiz) and compared the average scores on the pre 
and post-quizzes. They then looked at the percentage of students who answered each 
item correctly on the quizzes and compared pre and post values. Evaluators performed 
paired-samples t-tests to determine the statistical significance of the pre-post differences.  

After looking at the number of fourth, fifth and sixth grade students in the sample, 
evaluators determined that they would have the best chance of success if they analyzed 
the fourth and sixth grade students only. The 45 fifth grade students only represented two 
classes, so it would be much harder to find significant results. The observers also had 
questions about these students’ mathematics ability. It is possible that the fifth grade quiz, 
while derived from the CST test and CA standards, may have been too difficult for them. 
Because of the small sample, and questions about the appropriateness of the quiz, 
evaluators chose to eliminate the fifth graders from the quantitative analyses. They are, 
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however, represented in the classroom observations, the teacher surveys, and the 
evaluator recommendations. 

To analyze the open-ended data, evaluators separated student comments by grade and 
activity, and then used the comments themselves to generate categories. For example, 
student comments on teamwork, working in a team, and working together were all tallied 
under a general heading of teamwork; comments on ratio, proportions, and dividing were 
initially tallied under the umbrella heading of ‘math skills’, but later separated out into 
individual categories. Evaluators also referred to the observation protocol, which organized 
actions in the classroom into themes such as student engagement, mathematical thinking, 
and group dynamics, to cross-reference the generated comment categories with the other 
qualitative data. 
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Append ix  D.  Ins t ruments  
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Pre-Quiz 

!
!

Fourth grade pre! ! " !

Fourth Grade Fractions 
 

Name: _________________  Teacher: _______________ 

Date: __________________ 

 
 
1) Which fraction represents the largest part of a whole? 
 
 1 
 

A 
6 

   
 1 
 

B 
4 

   
 1 
 

C 
3 

   
 1 
 

D 
2 

 
 
 
2) Fill in the answer.  

 2 3  
 6 + 6 

= 
 

 
 
 
 
 

Please turn the page. 
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!

! !  

Fourth grade pre! 2!

 

1 
3) Color the box so that it is 

4 
shaded. 

 
 
 
 

   

 
 
 

   

 
 
 

3 
4) Maria had 1 apple. She ate 

8 
of the apple. 

How much of the apple does she have left? 
 
 3 
 

A 
5 

   
 3 
 

B 
8 

   
 5 
 

C 
8 

   
 8 
 

D 
8 

 
 
 

Please turn the page. 
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! !  

Fourth grade pre! 3!

5)  How much of this circle is shaded?  
 

 
 

 1 
 

A 
3 

   
 2 
 

B 
4 

   
 2 
 

C 
5 

   
 4 
 

D 
6 
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Post-Quiz 

!
!

Fourth grade post  1 

Fourth Grade Fractions 
 

Name: _________________  Teacher: _______________ 

Date: __________________ 

 

 

1) Which fraction represents the smallest part of a whole? 

 1 

 
A 

6 

   

 1 

 
B 

4 

   

 1 

 
C 

3 

   

 1 

 
D 

2 

 

 

 

2) Fill in the answer.  

 2 3  

 5 
+ 

5 
= 

 

 

 

 

Please turn the page.!
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!

! !  

Fourth grade post! 2!

 

2 
3) Color the box so that it is 

3 
shaded. 

 

 

 

  

 

 

  

 

 

  

 

 

  

 

 

4 
4) Darrell had 1 orange. He ate 

6 
of the orange. 

How much of the orange does he have left? 

 

 2 

 
A 

6 

   

 4 

 
B 

6 

   

 6 

 
C 

6 

   

 4 

 
D 

10 

 
Please turn the page. 
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!

!

! !  

Fourth grade post! 3!

5)  How much of this circle is shaded?  

 

  
 

 6 

 
A 

2 

   

 3 

 
B 

4 

   

 2 

 
C 

8 

   

 6 

 
D 

10 
 

 

 

 

 

 

 

Please turn the page. 
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!

 

Fourth grade post  4!

6) Please circle all of the words that describe the fraction game you 

played today. 

 

Fun Team Asking questions 

Working alone Intelligent Finding answers 

Creative Boring Solving problems 

Interesting Learning Dislike 

Like Working hard Working with others 

Difficult Play Easy 

Thinking I'm good at it Challenge 

 

 

 

7) Would you like to do more hands-on activities like this one? 

 

Yes  No  Maybe 
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Pre-Quiz 

!

Sixth grade pre  1!
!

Sixth Grade Math 

 

Name: _________________    Teacher: _______________ 

Date: __________________ 

 

1) A company makes 7 jackets for every 4 shirts it makes. If the company makes 

28 shirts in one day, how many jackets will it make? 

A  11 

B  16 

C  49 

D  56 

 

 

2) If 1 out of every 20 students is left-handed, how many left-handed students 

would there be in a school with 300 students? 

 

 

 

Answer __________ 
 

 

3) Solve for x. 
 

 x 8   

 30 = 2   

 

 

x = ________ 

Please turn the page. 
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! !  

Sixth grade pre  2!
!

4) Look at this table. 

Colors of Cars in the School Parking Lot 
 Blue 14  

 Silver 8  

 Green 6  

 
According to the table, what is the ratio of the number of silver cars to the 
number of blue cars? 

 
 14 
 

A 
8 

   
 8 
 

B 
14 

   
 14 
 

C 
14 

   
 8 
 

D 
28 

 
 
5) Luis can run 16 miles in 4 hours. Which proportion could be solved to find x, 

the number of hours he needs to run 26 miles?  

 
 16 x 
 A 26 = 4 

 
 16 4 
 B 26 = x 

 
 16 x 
 C 4 = 26 

 
 16 26 
 D 4 = x 
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Post-Quiz 

!

  Please turn the page.!
Sixth grade post  1!

Sixth Grade Math 

 

Name: _________________    Teacher: _______________ 

Date: __________________ 

 

1) A company makes 5 blue cars for every 3 white cars it makes. If the company 

makes 15 white cars in one day, how many blue cars will it make? 

A  9 

B  13 

C  17 

D  25 

 

2) If 1 out of every 30 students has red hair, how many students with red hair 

would there be in a school with 600 students? 

 

 

 

Answer __________ 

 

 

3) Solve for x. 
 

 x 15   

 30 = 5   

 

 

x = ________ 
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Please turn the page. 
Sixth grade post  2!

4) Look at this table. 
Animal Shelter Adoptions, November 

 Dogs 16  

 Cats 10  

 Rabbits 8  

 
According to the table, what is the ratio of the number of dogs to the number of 
rabbits? 

 
 16 
 

A 
8 

   
 8 
 

B 
16 

   
 8 
 

C 
26 

   
 16 
 

D 
34 

 
 
5) Rachel needs 12 lemons to make 6 glasses of lemonade. Which proportion could 

be solved to find x, the number of lemons she needs to make 10 glasses?  

 
 12 x 
 A 6 = 10 

 
 12 10 
 B 6 = x 

 
 12 x 
 C 10 = 6 

 
 12 6 
 D 10 = x 



RAFT Evaluation Report 45!

!

!

! !  

Sixth grade post  3 

6) Please circle all of the words that describe the hands-on activity you just did. 
 

Fun Team Asking questions 

Working alone Intelligent Finding answers 

Creative Boring Solving problems 

Interesting Learning Dislike 

Like Working hard Working with others 

Difficult  Play Easy 

Thinking I'm good at it Challenge 

 
 
7) What did you learn from the hands-on activity that you just did? 
 
 
 
 
 
 
 
 
8) Would you like to do more hands-on activities like this? 
 

Yes  No  Maybe 
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!

Thank you so much!!  
 

 
RAFT Teacher Survey 

 
Name: _______________________________  Grades taught: _________________ 
 
School: ______________________________  Date:_________________________ 
 
RAFT hands-on activity taught:_______________________________ 
 
 
WeÕd like to get your reactions to the RAFT hands-on activity you just taught. 
 

1) Did you use this activity to É  

!  Introduce new material? 

!  Review material? 

!  Expand on material? 

!  Other. Please explain. 

 
 

2) Prior to this year, how many times had you taught this activity? 

!  3 or more times 

!  1-2 times 

!  This was my first time teaching this activity. 

 
 

3) Thinking back to your original plans for the lesson, were there any changes in how the 
lesson actually unfolded? 

 
 
 
 
 
 
4) What do you think students learned from this activity? How do you know? 

 
 
 
 

 
 

5) Do you have any suggestions for improving this activity? 
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RAFT                  January 27, 2011 

 
 

RAFT Observation protocol 
 
Purposes:   
¥ To gather evidence of how students are benefitting from RAFT hands-on activities by 

watching students and teachers in action. 
¥ To gather vivid examples and vignettes of students engaged in and learning from hands-on 

activities. 
 
Concepts measured:   
¥ Student engagement 
¥ Mathematical thinking 
¥ Group dynamics 
¥ Teacher enactment of hands-on activity 
 
Instructions 
 
The observation protocol is divided into four sections: 

A. Background information 
B. Observations 
C. Teacher interview 
D. Reflection 

 
Section A:  

!  Fill out the basics of who you observed and when. Feel free to add other information that 
would be useful for understanding the observation. 

 
Section B: 

!  Keep a running record of what happens during the hands-on activity, including quotations 
when possible. For each observation you make, identify the criteria that pertain to it (see 
definitions table). If you prefer, you can do the running record during the observation and 
then identify the coding categories afterwards.  

!  Keep in mind that a single observation can fit more than one category.  
!  If you see other significant outcomes that currently lack a category, record them as 

Òother.Ó For instance, maybe thereÕs evidence of science learning in the Salmon You Can 
Count On hands-on activity, or maybe you observe some exceptional interpersonal 
communication in some Frack Jack student groups. Write down your observations, and 
we may develop a separate category for them later. 

!  As noted in the observation tips and tricks sheet, when you record your observations in 
the protocol, be sure to distinguish observations from inferences.  
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Section C: 
! If you have time, you may want to ask teachers the questions from the teacher survey. It 

may be more efficient for them to tell you their responses than for them to write them 
down. If you canÕt, then donÕt force the matter and ask the teacher to complete the teacher 
survey if he/she hasnÕt already done so. Ask the teacher to send the survey back to 
Rockman as soon as possible. 

 
Section D: 

! As soon as you are able, record your overall impressions of the observation. Think about 
significant details Ð including quotations or interactions Ð that we should be sure to recall 
later. 
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Definitions of coding categories 
 
Note that these examples are not meant to be a comprehensive list of everything you might see. 
If you observe other evidence that doesnÕt yet fit into these definitions or examples, please make 
a note of it and we can alter the table accordingly.  
 
Category Definit ion Examples 

Student engagement Students stay on task throughout 
the hands-on activity, even when 
they have difficulty.  
 
Students engage in behaviors 
that indicate intellectual 
curiosity, or interest in the 
subject matter of the activity.  
 
Students show positive affect 
when doing the activity. 

• Students stay mostly on task 
during the group portion of the 
hands-on activity, pausing only 
at the beginning to talk about 
plans for the weekend. 

• Students arenÕt sure how to add 
two fractions, but they ask for 
help and then keep playing. 

• Students ask questions related to 
the science behind the activity, 
like Òwhat do you think they use 
to tag the salmon with, 
anyway?Ó 

• Student has a circle that is 2/3 
covered. She crosses her fingers, 
reaches for a fraction card and 
says ÒPlease 1/3, please 1/3!Ó 

• Students donÕt want to quit 
playing Frack Jack, even after 
the teacher says itÕs time to stop. 

Mathematical 
thinking 
 
 

Students solve mathematical 
problems using a variety of 
strategies. They may do 
calculations or estimate values. 
They may compare values 
(especially in Frack Jack) and 
anticipate solutions (e.g., 
needing a certain fraction to 
have a total less than 1). They 
may use mathematical 
vocabulary like Òratio,Ó 
Ònumerator,Ó ÒdenominatorÓ and 
Òproportion.Ó   

• Students estimate that 2/3 + !  is 
greater than one because 2/3 is 
more than !  and !  + !  equals 
one whole. 

• Students use a formula the 
teacher has given them to 
estimate the number of salmon 
in the population. 

• A student has a card that says 
1/3 and takes two 1/6 pieces to 
get that number.  

• Student has a circle that is 2/3 
covered. She crosses her fingers 
and says ÒPlease 1/3, please 
1/3!Ó 
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Category Definit ion Examples 

Group dynamics: Prosocial behaviors such as 
helping peers, resolving 
conflicts, taking roles and 
working together on a mutual 
goal. 
 

¥ Students take turns drawing 
samples from the box, recording 
the data and calculating values. 

¥ One student takes the wrong 
fraction piece to match the card 
he has drawn. His partner directs 
him to the right piece. 

¥ Two students disagree on one of 
their answers on the data sheet. 
They ask another student for her 
opinion. 

Teacher enactment of 
hands-on activity 
 

Anything the teacher does to 
facilitate the hands-on activity. 
This includes how the teacher 
sets up the activity for students, 
how he/she monitors students 
during the activity and gives 
feedback, and how she/he wraps 
up the activity with students. 

¥ The teacher brings a dead salmon 
to the front of the classroom and 
explains the purpose of the dayÕs 
activity. 

¥ The teacher tells students to 
break into groups and have the 
weekÕs materials manager get the 
materials for the dayÕs activity. 

¥ The teacher walks around the 
classroom during the activity, 
double-checking their 
calculations. One pair of students 
has trouble adding !  and 2/3 so 
she sits down with them talks 
them through the steps they need 
to take to solve the problem. 
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RAFT Observation Instrument 
 

Section A: Background 
 
General Information 

Observer:        Date/ Time of Observation:       

Duration of the observation:      

 
 
Background Information 
 
School:      Teacher:     Grade:    

RAFT hands-on activity:       

Number of students:       

 
Classroom Context 
Describe: 
a) The setting (seating, space): Draw a diagram if needed. 

 

 

 
 
 
 
 
b) Materials used beyond whatÕs in the RAFT hands-on activity (e. g., calculators, teacher 
handouts, etc.) 
 
 
 
 
 
c) Other information that would be useful to understand the observation context (e.g., this was 
the day after students returned from a break; there was a fire drill in the middle, etc). 
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Section B: Observations 
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Section C: Teacher Interview 
 
At the end of class, ask the teacher for a few minutes for some follow-up questions. These 
questions should act as your guide. Expand on them as time allows.  
 

1) What was the most important idea that you hope the students learned today? 

2) What are your immediate reactions to the lesson? Thinking back to your original plans for 
the lesson, were there any changes in how the lesson actually unfolded?  

 
3) What do you think students learned from this activity? How do you know? 

 

4) Did you use this activity to É 

!  Introduce new material? 

!  Review material? 

!  Expand on material? 

!  Other. Please explain. 

 
5) Prior to this year, how many times had you taught this activity? 

!  3 or more times 

!  1-2 times 

!  This was my first time teaching this activity 

 
 

6) Do you have any suggestions for improving this activity? 
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Section D: Reflection 

Please complete this section as soon as possible after the observation 

 

1) Overall, what were your impressions of the RAFT hands-on activity? What evidence did you 
see of student engagement and learning? 

 

 

 

 

 

2) List one or two examples of engagement and learning that you found particularly compelling.  

 

 

 

 

 

3) Do you have any other notes or comments? 
 


