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Project Description

With this project, TERC in collaboration with Vcom3D conducted a formative evaluation of their 300-term prototype interactive 3D signing science dictionary. Findings are contributing to the development of a more robust signing science dictionary of approximately 1500 key terms identified from science materials in use in elementary and middle-grade classrooms. 

The proposed study represents a third collaboration between TERC and Vcom3D and leverages findings from two existing collaborations. Founded in 1965, TERC is a not-for-profit education research and development organization dedicated to the improvement of science, mathematics, and technology teaching and learning. Vcom3D is a female owned and managed small business, founded in 1997, and the developers of the SigningAvatar® accessibility software. 

The dictionary that is the focus of the study is designed to serve the approximately 50,000 students in the target population who require services under the Individuals with Disabilities Education Act (IDEA) and are required by it and the No Child Left Behind Act of 2001 to have access to the same content as students with disabilities. Delivered as a CD-ROM for use with a Windows operating system, this complete assistive tool requires low bandwidth and can be used as a plug-in or stand alone. An animated interactive viewer – the SignSmith™ Player- allows users to select from a range of characters with different personalities and facial expressions; to sign a selected word, its definition, or part of speech; to sign in American Sign Language (ASL) or Signed English (SE), and fingerspell; and to adjust the speed of signing. 

The evaluation findings reported here focus on use of the Signing Science Dictionary with the EnViSci Network What’s the Weather? unit (Charlesbridge Publishing 2004). This unit was developed by TERC and funded, in part, by the National Science Foundation. 

Evaluation Goals

The intent of this field-test evaluation is twofold. The first goal is to determine the extent to which use of the Signing Science Dictionary promotes achievement of specific standards-based learning outcomes. The second goal is to determine the extent to which qualitative feedback supplied via post-unit surveys administered to treatment group teachers supports quantitative findings and provides information about the value the Signing ScienceDictionary adds to their teaching and students’ learning.
Research Design

The research design for this evaluation study builds on the methodology established between TERC and EduMetrics for similar studies. The evaluation was coordinated by TERC and conducted by teachers solicited from a pool of elementary and middle-grade teachers of students who are deaf/hh. The study used a mixed measurement quasi-experimental pre- post-test design to begin to ascertain the potential effectiveness of the Signing Science Dictioanary. Each component of this design is defined on the next page.

• Quasi-experimental – several designs that attempt to approximate a random assignment design.

• Pre- Post-test – a quasi-experimental design in which the outcome of interest is measured before and after treatment for program participants only.

• Mixed Measurement – the class of research where the researcher combines quantitative and qualitative research techniques, methods, or approaches into a single study.

Procedures and Measures

The research procedure for the study involved placing the Dictionary and What’s the Weather? in their designated classroom context with hearing impaired students at the intended elementary and middle grade levels.  Research studies extended over the course of approximately three months from October 2005 to January 2006.  Students at the Bruce Street School for the Deaf (Newark, NJ) and the North Carolina School for the Deaf (Morganton, NC) performed project designed activities, commencing at a time that best fit their instruction schedule.

The intent for this phase of study was to examine the effectiveness of project components under normal use conditions.  Toward this end, quantitative student data and qualitative teacher data were collected using the following evaluation instruments.

Quantitative Evaluation Instruments

Student questionnaires were administered to participants before and after completion of What’s the Weather? using the Signing Science Dictionary. Students were asked to explain their understanding of the ideas that are the focus of the unit by providing written responses to a set of five questions pertaining to the unit learning goals.  Students’ written responses to this question set demonstrate their learning outcomes and the project’s success at achieving the learning goals that are its focus.

The text of the five pre- and post-use content questions associated with the unit follows. Each question is accompanied by learning goals and alignment with the National Science Education Standards (NSES) highlighted in italics for each item. 

1. Name four major things to include in a description of weather.

This question focuses on students’ understanding of the four major items that are used to describe weather. A complete answer identifies moisture (and/or water in the air); air temperature (and/or how hot or cold the air is); air pressure (and/or the weight of the air over a spot on Earth); wind (and/or moving air) as four main items to include in a description of weather. (NSES, D, Earth and Space Science, page 134)

2. What does each of these weather instruments measure? (Choose from: air temperature, air pressure, humidity, and wind.)


• thermometer 
__________


• barometer
__________


• hygrometer
__________


• Beaufort scale
__________

• anemometer
__________
This question focuses on students’ understanding of the use of instruments to measure weather conditions. A complete answer matches each instrument with the item the instrument measures — the thermometer measures air temperature, the barometer measures air pressure, the hygrometer measures humidity, and the Beaufort scale and the anemometer measure wind. (NSES, A, Science as Inquiry, page 122; D, Earth and Space Science, page 134; and E, Science and Technology, page 138)

3. Draw a picture or diagram of the water cycle. Use it to explain how clouds form.

This question focuses on students’ understanding of the relationship between moisture and clouds. A complete answer accurately shows the four main parts of the water cycle (body of water, evaporation, condensation, and precipitation). It also describes clouds as water droplets that collect on solid particles such as dust in the atmosphere. (NSES, B, Physical Science, page 127)

4. Name the three basic cloud types and draw a picture of each. 

This question focuses on students’ understanding of the three basic cloud types as cirrus, cumulus, and stratus. A complete answer includes a description and picture of cirrus clouds as thin wispy clouds, cumulus clouds as similar to puffy balls of cotton with flat bottoms and rounded tips, and stratus clouds as layered clouds that cover the sky. (NSES Unifying Concepts and Processes Standard, page 117; and D, Earth and Space Science, page 134)

5. Describe today’s weather.

This question focuses on students’ understanding of how to use data to describe daily weather. A complete answer uses appropriate descriptions of cloud cover, precipitation, humidity, air temperature, and wind to accurately describe the weather outside. (NSES, A, Science as Inquiry, page 122; B, Physical Science, page 127; and E, Science and Technology, page 138)
Points were assigned according to the rubric below.

4 – a complete and correct response that communicates accurate scientific and technical information and correctly applies scientific concepts and processes using the vocabulary of science

3 – an essentially correct response, but one that omits some detail(s) or underlying explanations, or that contains inaccuracies

2 – a response that is very skimpy, but correct

1 – a response that is incorrect

0 – no answer, or “I don’t know”
Qualitative Evaluation Instruments


Participating teachers provided feedback regarding ease of use and teacher and student gain. The instrument used was a Post-Unit Survey for Teachers. Completed after doing the unit, the survey asked teachers to provide information about the value the Signing Science Dictionary added to their teaching and students’ learning.

Demographics

This evaluation study included two samples of students who used the Signing Science Dictionary with the EnviSci Network What’s the Weather? unit, each from different schools representative  of diverse groups of hearing-impaired learners. The first sample is 9 sixth through eighth grade students (2 male, 7 female) from the Bruce Street School for the Deaf located in urban Newark, New Jersey. Three students at this site were in the sixth grade, two were in the seventh grade, and four were in the eighth grade at the time of the study. The second sample is 6 third-grade students (3 male, 3 female) from the North Carolina School for the Deaf, located in rural Morganton, North Carolina. A summary of demographic information about participating schools and students is presented in Table 1. 

Table 1. Treatment Sites
	School
	Location
	N
	Gender
	Grade(s)
	Setting

	Bruce Street School for the Deaf

North Carolina School for the Deaf
	Newark, NJ

Morganton, NC
	9

6
	2 male, 7 female

3 male, 3 female
	6, 7, 8

3
	urban

rural


Table 2 shows the distribution of students by level of hearing loss and level and sign proficiency at each of the sites.

Table 2. Level of Disability and Sign Proficiency

	Level of Hearing Loss and Sign Proficiency
	Bruce Street School for the Deaf (N=9)
	North Carolina School for the Deaf (N=6)

	Level of Hearing Loss

Mild


Moderate


Moderate-Severe


Severe


Profound
	–

1

1

2

5
	–

–

–

2

4

	Sign Proficiency


Superior


Advanced


Intermediate


Novice


Survival
	2

3

3

–

1
	1

2

2

–

1


Findings

As previously specified, both quantitative student data and qualitative teacher data were collected over the course of the study. Findings that emerged from analysis of these data are reported on the next page.

Quantitative Findings From Student Test Responses 

Students from the Bruce Street School for the Deaf (Treatment Group 1) and the North Carolina School for the Deaf (Treatment Group 2) performed activities contained in What’s the Weather? using the Signing Science Dictionary. Paired pre- and post-unit questionnaires were obtained from each of the participating students.  The following is a presentation of quantitative findings. 

A total of 20 points were attainable on both the pre- and post-unit student questionnaires by providing full, correct responses to each of the 5 content questions.  A total of 9 paired pre- and post-unit questionnaires were obtained from Treatment Group 1 and 6 paired pre- and post-unit questionnaires were obtained from Treatment Group 2.

Treatment Group 1 Findings (Bruce Street School for the Deaf)

The evaluation findings reported here focus on use of What’s the Weather? with the Signing Science Dictionary by Treatment Group 1.

The post-unit mean achievement score for Treatment Group 1 is 18.11 (standard deviation [SD] = 1.62), significantly higher than the pre-unit mean score of 8.67 (SD = 4.64), as tested by a paired t-test, t (1,8) = 8.005, p ≤ 0.0001.  Thus, Group 1’s knowledge of the content  for  What’s the Weather? increased significantly over the course of this study, on average.  Figure 1, below, presents Group 1 mean scores for pre- and post-unit questionnaires.

Figure 1. Distribution of Treatment Group 1 Mean Achievement Scores 

[image: image1.wmf]
As Table 3 reveals Treatment Group 1 had significantly improved scores on the post-unit test, compared to their pre-unit results, both for the overall test and for each of the content questions, except Question 4 (Name the three basic cloud types and draw a picture of each.).  Note that the pre-use mean for Question 4 is relatively high, indicating Group 1 had considerable prior knowledge about cloud types, leaving little room for improvement.  Understanding Goals were considered to have been met if there was a statistically significant improvement in the mean score from pre-use to post-use testing.

Table 3. Group 1 Data Summary: What’s the Weather? (N = 9)

	Question
	Points

Possible
	Pre-Use

Mean (sd*)
	Post-Use

Mean (sd*)
	Mean

Difference
	Statistical

Significance**
	Understanding

Goal Met

	1
	4
	.78 (1.30)
	4.00 (0.00)
	
+
3.22
	
p ≤
.0001***
	Yes

	2
	4
	1.56 (1.24)
	3.56 (0.53)
	
+
2.00
	
p =
.0012***
	Yes

	3
	4
	2.11 (1.36)
	3.89 (1.00)
	
+
1.78
	
p =
.0035***
	Yes

	4
	4
	2.89 (0.78)
	3.67 (1.23)
	
+
.78
	
p =
.1108
	n/a

	5
	4
	1.33 (1.32)
	3.00 (1.04)
	
+
.77
	
p =
.0077***
	Yes


* Standard Deviation

** Paired t-Test

*** Statistically significant at the .05 p level (i.e., 95% confidence level)

A p level ≤.05 indicates a treatment affect occurred (i.e., post-use scores are significantly

higher or lower than pre-use scores. See sign in difference column for direction.)

Figure 2 shows the distribu​tion of Group 1’s achievement scores for each content question prior to and after performing the unit activities.  Note that the mean for each question increased from pre- to post-use and the Question 4 has a high pre-use mean, indicating that there isn’t room for a statistically significant increase.

Figure 2.Distribution of Treatment Group 1 Question Means 

[image: image2.wmf]
With an interest in interaction effects, separate nested factorial ANOVAs were calculated for Treatment Group 1’s pre- and post-unit scores and individual demographic variables of Gender and Grade Level. Neither of the interactions were statistically significant. Therefore, students who used the materials demonstrated equally positive learning outcomes that are statistically significant for four of the five items regardless of their gender or grade level.

Treatment Group 2 Findings (North Carolina School for the Deaf)

The evaluation findings reported here focus on use of What’s the Weather? with the Signing Science Dictionary by Treatment Group 2. 
The post-unit mean achievement score for Treatment Group 2 is 13.00 (SD = 2.45), significantly higher than the pre-unit mean score of 3.17 (SD = 0.75), as tested by a paired t-test, t (1,5) = 9.833, p = 0.0003.  Thus, Group 2’s knowledge of content that is the focus of the unit increased significantly over the course of this study, on average.  Figure 3 presents Group 2 mean scores for the pre- and post-unit questionnaires.

Figure 3. Distribution of Treatment Group 2 Mean Achievement Scores
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As Table 4 shows Treatment Group 2 had significantly improved scores on the post-unit test  compared to their pre-unit results both for the overall test and for each of the content questions, except Question 4 (Name the three basic cloud types and draw a picture of each.). Note that Group 2 had not completed their study of clouds at the conclusion of the research study. They are in the process of completing their study of clouds. Therefore, Group 2’s mean score on Question 4 must be considered with caution. Understanding Goals were considered to have been met if there was a statistically significant improvement in the mean score from pre-use to post-use testing.

Table 4. Group 2 Data Summary: What’s the Weather? (N = 6)

	Question
	Points Possible
	Pre-UseMean (sd*)
	Post-Use Mean (sd*)
	Mean Difference
	Statistical Significance**
	Understanding

Goal Met

	1
	4
	.67 (0.52)
	3.50 (0.55)
	
+
2.83
	
p ≤
.0001***
	Yes

	2
	4
	1.00 (0.00)
	3.00 (1.10)
	
+
2.00
	
p =
.0066***
	Yes

	3
	4
	0.50 (0.55)
	3.33 (0.82)
	
+
2.83
	
p =
.0003***
	Yes

	4
	4
	0.00 (0.00)
	.33 (0.52)
	
+
0.33
	
p =
.1747
	No

	5
	4
	1.00 (0.00)
	2.83 (0.98)
	
+
1.83
	
p =
.0060***
	Yes


* Standard Deviation

** Paired t-Test

*** Statistically significant at the .05 p level (i.e., 95% confidence level)

A p level ≤.05 indicates a treatment affect occurred (i.e., post-use scores are significantly higher or lower than pre-use scores. See sign in difference column for direction.)

Figure 4 shows the distribution of Group 2’s achievement scores for each content question prior to and after performing the unit activities.  Note that the mean for each question increased from pre- to post-use and that Question 4 has very low questions means. 

Figure 4. Distribution of Treatment Group 2 Question Means for Unit 1
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With an interest in interaction effects, separate nested factorial ANOVAs were calculated for Treatment Group 2’s pre- and post-unit scores and the demographic variable Gender.  The interaction was not statistically significant.  Therefore, students who used the materials demonstrated equally positive learning outcomes that are statistically significant for four of the five items regardless of their gender.

Comparisons With Findings for Hearing Students


As Table 5 shows, students who are hearing impaired who completed What’s the Weather? using the Signing Science Dictionary may potentially have post-mean achievement scores overall and for each question that are very similar to those for hearing students. Table 5 gives the mean overall and per question scores for a group of 300 hearing students who completed post-use questions that are identical to those completed by Groups 1 and 2. 
Table 5. Data Summary for Hearing Students: What’s the Weather? (N=323)

	Question
	Points Possible
	Post-Use Mean

	1
	4
	3.27

	2
	4
	3.31

	3
	4
	3.50

	4
	4
	3.63

	5
	4
	3.23

	1-5
	20
	16.94


Qualitative Findings From Teacher Post-use Surveys 

 Quotes from the teachers of students in Groups 1 and 2 support the quantitative findings described and provide additional insight into the value the Signing Science Dictionary adds to their teaching and students’ learning.

General Observations About Use of the Signing Science Dictionary

Value Added for Students

 “It allows my students who are reading at a first grade level access to the printed information, and provides them with independence.”

“It allows students to independently review reading passages and to study the material word-by-word, if they need to.”

“Students can move from a word-by-word reading of the material to reading the entire paragraph for meaning.”

“The students gained a great deal of vocabulary associated with the topic.”

“Students are in control of the material and how they access it without having to depend on the teacher as an interpreter and lexicon.”

“Students are fascinated by the Avatar, and the independence it gives them by making the science material accessible.”

“It enhances their interest in science because they are able to actually read and independently understand the material, but it also makes them feel special and accepted because there is an Avatar.”

“Students are able to work independently on reading material without having to depend upon the teacher for new vocabulary and to read passages to them.”

Value Added for Teachers

“Teachers can use the feature to double-check the accuracy of the signs they are using – ESPECIALLY the specific science signs.  I double-check all the signs I am using with the Avatar.  IT IS WONDERFUL.”

“If there is vocabulary I am not sure if I am using correctly – I check with the Avatar!”

“It can aid greatly in a teacher’s ability to appropriately discuss the material with the hearing-impaired student.  It can help standardize the signs we are all using.”

“It allows me to concentrate on teaching concepts and content rather than vocabulary and helping students read material. It gives me more time to work one-on-one with students to meet their individual needs.”
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