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ARTICLE

Accessing science museum exhibits with interactive
signing dictionaries

Judy Vesel and Tara Robillard

TERC, Inc, Cambridge, MA, USA

ABSTRACT
Evidence suggests that content incorporated into science museum
exhibits remains out of reach for many visitors who are deaf or
hard of hearing and who communicate in sign language. The
implementation research described in this article was conducted
by TERC, Inc. at the Museum of Science (MoS), Boston. The pur-
pose was to examine use of a mobile Signing Science Dictionary,
Signing Science Pictionary, and Signing Math Dictionary to help
this population access the American Sign Language (ASL) vocabu-
lary required for interacting with science museum exhibits. The
study consisted of 11 families and 52 participants – 24 adults
and 28 children. Of these, 12 children and one adult were deaf.
The mixed methods research design incorporated a four-step
protocol that involved (a) collecting pre-visit information, (b)
observing families using the dictionaries, (c) conducting an exit
interview, (d) a follow-up survey. Results suggest that the visual
features available in the dictionaries make them valuable learning
tools for deaf and hard of hearing science museum visitors, effect-
ively providing users with access to exhibit content. However, fur-
ther research is needed to study the dictionaries’ impact in more
exhibits at the MoS and other museum venues.

KEYWORDS
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visual; science;
mathematics; dictionary;
signing; American Sign
Language (ASL); Universal
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Introduction

The problem

Permanent hearing loss at birth afflicts about 24,000 infants annually in the USA. In
addition, approximately two to three infants per 1000 will have a hearing loss in at
least one ear that affects communication, cognition and educational development
(National Institutes of Health, 2010). As these children mature, their literacy levels lag
behind those of their hearing peers. This results in significant literacy limitations. In
fact, the English vocabulary of the average 15-year-old deaf child is about the size of
that of the average nine-year-old hearing child and will not improve significantly
(Karchmer & Mitchell, 2006; Qi & Mitchell, 2012).
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This lack of literacy is seen as part of an ‘academic puzzle’ (Marschark,
Convertino, & LaRock, 2006), with early exposure to language in the home appear-
ing to have a significant influence on language development (Humphries et al.,
2012). Approximately 90% of deaf and hard of hearing children have hearing
parents, few of whom know American Sign Language (ASL) (Mitchell & Karchmer,
2004). Options available to these parents for learning ASL (such as established
classes in adult education, community agencies and/or colleges) rarely employ a
curriculum that addresses the specifics they need to help their children learn sci-
ence (Clark & Vesey, 2001). In addition, deaf parents (�10% of deaf children have
deaf parents) have a limited technical ASL vocabulary. Students who are deaf or
hard of hearing also face unique challenges associated with the learning of science
and mathematics in classrooms. Interpreters assisting them often lack adequate
preparation in science and mathematics, and few are certified to teach these sub-
jects (Gallaudet University, 2012; Schick, Williams, & Kupermintz, 2006). Interpreters
also may use signs that are conceptually inaccurate (Kurz, 2005). Thus, students
who are deaf or hard of hearing often do not know the signs for terms they
encounter or, even if they can mimic a sign, they do not understand its meaning
(Lang et al., 2007).

As a consequence, deaf and hard of hearing children often miss out on opportuni-
ties to learn science and mathematics content from visits to informal learning environ-
ments (Lang & Steely, 2003; Moon, Todd, Morton, & Ivey, 2012). In fact, the use of
informal science education venues tends to be a low priority for persons who are deaf
or hard of hearing and whose first language is ASL. Most of the exhibits and activities
in these settings rely on captions and labels that presuppose the ability to understand
written English, so they are out of reach for many members of this audience (Tokar,
2004). ASL interpretation is not always an answer – it usually has to be arranged in
advance or is only offered on certain days (Proctor, 2005). Although assistive listening
devices, ASL interpretation and captioning are undeniably effective in certain contexts,
these methods of providing access have not caught up with the increasingly participa-
tory and interactive nature of informal STEM learning experiences (Johnson, 2013).
This, coupled with a lack of media-delivered science content in ASL, contributes to
deaf persons feeling disadvantaged compared to their hearing peers during visits to
informal STEM learning environments (Roald, 2002; Goss, Iacovelli, Kunz Kollmann, &
Reich, 2015).

Study overview

Handheld devices appear to have promise for use in informal settings – they offer
independence and enable visitors to experience exhibits at their own pace (Reich,
2009). The implementation research that is discussed in this paper supports the use of
such devices and offers insight into what can happen when family visitors ages 5
through adult, who are deaf or hard of hearing and communicate in sign language,
use iPod Touch versions of three signing dictionaries during visits to the Museum of
Science (MoS) in Boston. The study was conducted by TERC, an educational research
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and development organization, at the MoS in partnership with a team from the
museum. Objectives were to:

� Examine how visitors who are deaf or hard of hearing, communicate in sign lan-
guage integrate iPod Touch versions of the Signing Science Pictionary (SSP),
Signing Science Dictionary (SSD), and Signing Math Dictionary (SMD) into their
museum experience.

� Study the impact of the dictionaries’ use.

To accomplish these research objectives, two questions guided the study:

1. How do visitors, ages 5 through 12þ who are deaf or hard of hearing, integrate
handheld dictionaries into their museum learning experience during family visits?

2. What kinds of learning are made possible with use of the dictionaries, and how
do they affect the engagement, involvement and interest of these visitors during
family visits to the museum?

Before beginning the study, the team selected two MoS exhibits to use for data col-
lection: Science in the Park and Take a Closer Look. These exhibits were chosen
because:

� They are geared to accommodate the age range of participants.
� Many of the terms used to introduce activities in these exhibits are included in one

or more of the dictionaries.
� They offer opportunities for researchers to find out about use of the dictionaries by

visitors with varying levels of hearing loss, reading ability and STEM knowledge.
� They focus on visual learning, incorporate text that is clear and concise, and include

activities of varying difficulty.

The signing dictionaries

Each signing dictionary is a complete assistive tool that includes �700 standards-based
science or mathematics terms. The SSP (funded in part by grants from the Shapiro
Family Foundation and the U. S. Department of Education, Grant #H327A080040) is
intended for children ages 5–8. The SSD (funded in part by grants from NEC
Foundation of America, the National Science Foundation [NSF] Grant #HRD-0533057,
and the U.S. Department of Education Grant #H327A060026) and the SMD (funded in
part by NSF, #HRD-0833969) are intended for ages 9–12.

The SSP, SSD and SMD contain signing avatars. The SigningAvatarVR technology that
is used for creation of the signs for each dictionary incorporates several components
that have made it easy to edit signs and signed passages so as to respond to user
feedback and to maximize comprehension of the signed animations. During develop-
ment, each sign is stored as motions of body joints in a reusable library of animations
that can be assembled, using Vcom3D’s Sign SmithTM Studio Authoring Tool, to create
new passages. The Authoring Tool allows each sign to be ‘inflected’ to indicate spatial
references, classifiers, role shifting, emphasis, time and other elements of ASL grammar.
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Avatar facial expressions are also stored in a library that can be accessed by the
Authoring Tool, so that grammatical ASL and Signed English (SE) passages can be gen-
erated using only desktop software. Using the Authoring Tool, an interpreter/author
produces easily edited ‘scripts’ that tell the avatar what to sign. Signs animated for
one avatar character can be readily applied to other characters, whose appearances
reflect different ages, ethnicities and genders. With regard to facial expression, recent
advances now allow for the addition of facial ‘bones.’ In a bone-based system of ani-
mation, the skin is morphed in response to the rotation of a number of articulation
points representing muscle contractions. The addition of facial ‘bones’ facilitates the
development of more anatomically correct expressions.

The interactive technology that underlies the SSP, SSD and SMD was ‘universally
designed’ according to the Universal Design for Learning (UDL) framework in order to
maximize its potential to remove barriers to learning, to individualize use and to
increase access for persons who are deaf or hard of hearing. The framework empha-
sizes three key aspects of pedagogy: multiple means of representing information, mul-
tiple means for the expression of knowledge and multiple means of engagement in
learning (Rose & Meyer, 2006). These principles are implemented in the instructional
design of the dictionaries as follows:

� Representation of terms and definitions as static images, text, human narration and
signing gives the learner various ways of acquiring knowledge (Principle 1).

� Allowing students to select ASL or SE translations, illustrations or voiced text to
help them explain their thinking provides the learner with alternatives for demon-
strating what they know (Principle 2).

� Offering students opportunities to work in ways that make sense and are interest-
ing to them – such as choosing from a group of avatars of different ages, ethnic-
ities and genders or changing the signing speed and size of the text – taps into
their interests, offers challenges and increases motivation (Principle 3).

The figure shows pages from the SSP that incorporate these ‘universally designed’
features.
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Methods

Protocols

With the two research questions serving as the framework, the team implemented a
three-step mixed methods design that integrated qualitative and quantitative methods
(Creswell & Plano Clark, 2011; Johnson, Onwuegbuzie, & Turner, 2007). This three-step
protocol, described below, in the data that were used for analysis.

(1) Pre-visit protocols: Parents completed a Family Information Form that provided
demographic information about factors such as age, hearing level and signing ability
of each participant. For hearing level, parents selected from hearing, hard of hearing
or deaf. For signing ability, they categorized each participant’s Sign Communication
Proficiency Level as superior, advanced, intermediate, survival, novice or no functional
skills. This demographic information was used to determine which exhibit to assign
each family for their visit. Science in the Park is an area with a range of activities appro-
priate for families that include both younger and older children. Take a Closer Look is
an area that features topics and methods of presentation that are more suited to fami-
lies that include older children. Therefore, families with younger children were
assigned to Science in the Park; families with older children were assigned to Take a
Closer Look.

(2) Visit protocols: The research team affixed Word Lists to information panels at
some of the activities in each exhibit prior to each family’s visit. This allowed visitors
to immediately identify key terms that were important for doing the activity and for
understanding its underlying science content. The Word Lists had the name of the
activity at the top followed by: (1) A list of terms that are in at least one of the diction-
aries and are related to the activity. (2) A three-letter abbreviation (SSP, SSD or SMD)
to signify the dictionary in which the term could be found. (3) An illustration to help
clarify the term’s meaning. For Science in the Park, Word Lists were placed on the activ-
ity panels for Swing, Race, Spin, Big See Saw, Jump, Slide and Turn. For Take a Closer
Look, Word Lists were placed on the panels for How Long is a Minute?, Light in the
Darkness, Vibration Patterns, Vibration Sensation, Seeing Heat, Hot or Cold?, and Seeing a
Sound Wave. Placing Word Lists on some activities but not others enabled data collec-
tion that allowed researchers to examine families’ use of the Word Lists.

When a family arrived at the museum, they met with a TERC researcher at a desig-
nated spot near the entrance of the exhibit to which they had been assigned. Each
family member was given an iPod Touch with the dictionaries installed. Individuals
could choose to wear the iPod around their neck using a lanyard, or they could clip it
to a belt or pocket.

The researcher then introduced the family to the UDL features of the dictionaries so
that they could practice using them in ways that were interesting and that made sense
to them. They were shown how they could: access static images, text, human narration
or signing; select ASL or SE translations, illustrations or voiced text; choose from a
group of avatar characters of different ages, ethnicities and genders; change the sign-
ing speed and size of the text.

When the researcher was satisfied that the family members were comfortable
using the dictionary features, she explained that some of the activities in the exhibit
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had Word Lists posted on the information panels. She explained further that each
list contained words that were relevant to the particular activity and that visitors
could look up words using the dictionary specified by the three-letter abbreviation.
Finally, she made clear that some activities had no Word Lists posted. The family
was then instructed either to first visit at least two activities that did not have a
Word List posted, or to first visit at least two activities that did have Word Lists
posted.

A randomization procedure was used to assign families to begin with or without
Word Lists. Given that the number of families that were to begin their visit with
Word Lists needed to be approximately equal to the number that were to begin
without Word Lists, the researcher tossed a coin for the very first family who arrived
at each of the two exhibits. If the coin landed on heads, the first family was
assigned to begin with the Word List activities. If the coin landed on tails, the first
family was assigned to begin with activities without Word Lists. After this first assign-
ment, the subsequent family destinations alternated between beginning at the activ-
ities with Word Lists and beginning at those without Word Lists. Thus, the initial
coin toss determined the random assignment not only for the first family to arrive,
but also for each subsequent group of family visitors. As the families explored the
activities, the researcher closely observed the family members, recording observations
in an Observation Log.

(3) Post-visit protocols: After each family group completed their exploration of the
exhibit, they met with the researcher at the spot where they had begun their visit so
they could participate in a post-visit interview. A Family Interview Form was used to
guide the conversation. It had separate sections consisting of questions for children
and for parents. Questions were designed to gather children’s and parents’ thoughts
about their visual experiences at their assigned exhibit – how they used the diction-
aries, what words they looked up, why they looked up those words, which features
they used, whether they used Word Lists (and if so, how they used them), what they
liked and disliked about the dictionaries, and recommendations for improvement.
Following the interview, the researcher asked parents (or those assuming that role dur-
ing the visit) to complete a Follow-up Online Survey within two weeks after their visit.
Questions were intended to gather their reflections about such things as the degree
to which the dictionaries were informative, helpful and easy to use; how they would
rate the interactive features; how the family used the dictionaries; and what was most
helpful or useful for themselves, for their children who are deaf or hard of hearing,
and for their children who are hearing. Finally, family members returned the iPods at
the time of their post-visit interview, but they were free to remain at the museum and
explore other areas on their own.

The study sample

Purposeful sampling (Patton, 2015), which the team employed to ensure that each
family included at least one child who was deaf or hard of hearing and used sign for
communication, resulted in 11 family groups that provided data. These 11 families
included 12 deaf or hard of hearing children (one family included two deaf children).
As is the case for the entire population of deaf and hard of hearing children for which
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this small study sample is a part, their hearing loss ranged from moderate to profound,
and their signing skills ranged from novice to superior.

Data analysis

For each of our two research questions (How do visitors in family groups that
include at least one child age 5–12þ that is deaf or hard of hearing, integrate hand-
held dictionaries into their museum learning experience during family visits? What
kinds of learning are made possible with use of the dictionaries, and how do they
affect the engagement, involvement and interest of these visitors during family visits
to the museum?), the research team developed a coding scheme that involved use
of the sub-questions subsumed within each of the two research questions as codes
to search for and identify patterns in the data. The team then coded the evidence
(Neuman, 1997). The results for the first research question were organized into
spreadsheets according to exhibit visited (Science in the Park or Take a Closer Look)
and each of four sub-questions:

1. What do family groups do during their visit?
2. Why do visitors use the dictionaries to look up science and math terms?
3. Which dictionary features do visitors use to acquire information?
4. What are visitors’ perspectives and opinions about using the dictionaries during

their visit?

The results for the second research question were organized into spreadsheets
according to exhibit visited and each of three sub-questions:

1. How much time do family groups spend at activities?
2. What do family members learn with use of the dictionaries?
3. What do family members say about use of the dictionaries and their level of

engagement, involvement, and interest?

We further organized the data into the activity within the exhibit that the fam-
ily visited and whether it did or did not have a Word List attached to it. These
data were then analyzed as follows: Data for the number of family groups that
visited an activity within an exhibit with and without Word Lists were tallied
according to what the family group did at the activity, why they used the diction-
aries, which features they used and time spent at the activity. Tallies were
expressed as fractions and percentages. Observations, interview responses and fol-
low-up survey responses were coded to identify meaningful patterns that could be
connected to the research questions (Patton & Appelbaum, 2003). Analyzing the
data across family groups enabled the team to begin to gain insight into how the
audience used the dictionaries and to find out about learning and engagement
during family group visits. These results must be taken with caution as they are
the result of a very small exploratory study that involved only 11 families, in a sin-
gle informal science venue. They are, however, indicative of what a larger study
might show.

JOURNAL OF VISUAL LITERACY 7

D
ow

nl
oa

de
d 

by
 [

96
.2

33
.1

70
.9

3]
 a

t 1
1:

24
 1

0 
N

ov
em

be
r 

20
17

 



Results

Research question 1

To help us to begin to answer our first research question (How do visitors, in family
groups that include at least one child age 5–12þwho is deaf or hard of hearing, inte-
grate handheld dictionaries into their museum learning experience during family vis-
its?), we organized our results around the four sub-questions introduced earlier:

1. What do family groups do during their visit?
2. Why do visitors use the dictionaries to look up science and math terms?
3. Which dictionary features do visitors use to acquire information?
4. What are visitors’ perspectives and opinions about using the dictionaries during

their visit?

Key results that emerged from analysis of these data for each sub-question follow.
Taken together, they provided the information that was used to explain how visitors,
ages 5 through adult who are deaf or hard of hearing, integrated handheld diction-
aries into their museum learning experience during family visits.

Observation and exit-interview data provided evidence for what family groups do
during their visit (Sub-question 1). The total number of visits to Science in the Park
activities with Word Lists was 22. This number represents the sum of the number of
times family groups visited individual activities as follows: 3 to Big See Saw, 3 to Jump,
3 to Race, 2 to Slide, 5 to Spin, 3 to Swing and 3 to Turn. The total number of family
group visits to activities without Word Lists was 9. This number represents the sum of
the number of times family groups visited individual activities as follows: 3 to Small
Balances, 2 to Lift, 2 to Run, and 2 to Speed Up.

Data for what family groups do during their visit show that 11/22 (50%) of the fam-
ily groups read instructions when the activities had Word Lists and 3/9 (33%) read
instructions when the activities did not have Word Lists; 9/22 (41%) read labels when
the activities had Word Lists and 2/9 (22%) read labels when there were no Word Lists;
8/22 (36%) used the ASL sign when the activity had Word Lists and 2/9 (22%) used
the ASL sign when the activity did not have Word Lists; 17/22 (77%) engaged in dis-
cussion with Word Lists and 5/9 (56%) engaged in discussion without Word Lists; 13/
22 (59%) used Word Lists.

The total number of family group visits to Take a Closer Look activities with Word
Lists was 27. This number represents the sum of the number of times family groups
visited individual activities as follows: 5 to Hot or Cold? 4 to How Long Is A Minute? 4
to Light in the Darkness, 5 to Vibration Patterns, 1 to Vibration Sensation, 6 to Seeing
Heat, and 2 to Seeing a Sound Wave. The total number of family group visits to activ-
ities without Word Lists was 21. This number represents the sum of family group visits
to individual activities as follows: 1 to Fingerprints of Light, 3 to How Smooth Is
Smooth?, 1 to Now You See It, 1 to Quick as a Wink, 1 to Seeing With Sonar, 2 to Sense
for Scents, 1 to Splash in a Flash, 1 to Time Lapse Video, 6 to View From Space, 1 to
Whirling Watcher, 3 to Whose Woods Are These?

Data for what family groups do during their visit show that 22/27 (82%) read
instructions when the activities had Word Lists and 12/21 (57%) read instructions
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when there were no Word Lists; 19/27 (70%) read labels when there were Word Lists
and 12/21 (57%) read labels when the activity did not have Word Lists; 16/27 (59%)
used the ASL sign when the activity had Word Lists and 6/21 (29%) used the ASL sign
when there were no Word Lists; 23/27 (85%) engaged in discussion with Word
Lists and 19/21 (90%) engaged in discussion without Word Lists; 20/27 (74%), used
Word Lists.

Exit-interview and follow-up survey data provided evidence for why family groups
use the dictionaries (Sub-question 2). Data for the 10 parents who participated in this
aspect of data collection show that 9/10 (90%) used the dictionaries to learn new signs
or see terms signed; 6/10 (60%) to learn something new, extend their learning or
answer their questions; 5/10 (50%) to learn more about science and math concepts;
5/10 (50%) to understand written information presented on informational activity
panels; 5/10 (50%) to ask children questions; and 4/10 (40%) to be able to explain
what was happening in the activities.

Children who participated in the post-visit interviews were asked to name a term
they had looked up and explain why they did so. More than half (56%) looked up
terms because their parents prompted them to. Nearly half (44%) looked up terms
because they were on Word Lists.

Exit-interview and follow-up survey data also provided evidence about which dic-
tionary features family groups used (Sub-question 3). Ten parents, 10 children who
were deaf or hard of hearing, and 10 hearing children provided data. These data show
10/10 (100%) parents, 8/10 (80%) children who were deaf or hard of hearing and 4/4
children who were hearing used the dictionaries to look up terms in ASL; 7/10 (70%),
7/10 (70%), 2/4 (50%) looked up definitions in ASL; 4/10 (40%), 1/10 (10%), 2/4 (50%)
looked up terms in English; 5/10 (50%), 2/10 (20%), 2/4 (50%) looked up definitions
in English; 1/10 (10%) parents and none of the children looked up terms and defini-
tions in SE.

As with sub-questions 2 and 3, exit-interview and follow-up survey data revealed
evidence about family group members’ perspectives and opinions regarding use of the
dictionaries during their visit (Sub-question 4). All ten (100%) parents who responded
to the survey said the dictionaries were easy to use. Comments made during the post-
visit interview supplied additional information. Parents described the dictionaries as
being interactive and including a lot of features. They found the selection of words to
be extensive and the avatars easy to understand. They particularly liked being able to
control the speed of the avatar and considered it a helpful way to be sure they were
signing words correctly. Some parents identified minor challenges in using the diction-
aries. For example, the SSD and SMD are linked. This meant that users ran the risk of
selecting an incorrect definition for a term (e.g., frequency) and had to backtrack to the
appropriate dictionary to find the definition that matched its use in the museum
activity.

All 10 (100%) parents who responded to the survey found the dictionaries’ contents
to be informative. Nine (90%) said the dictionaries were useful, and eight (80%) said
that having the dictionaries made the visit easier for them. Seven (70%) said the dic-
tionaries afforded them better access to the exhibits.

Parents’ comments during the interview focused primarily on the usefulness and
value of the dictionaries in supporting communication with their children about the
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activities. One adult mentioned the dictionaries were particularly helpful in enabling
the young visitor she was accompanying to approach the visit with more independ-
ence than would have ordinarily been the case. Other parents commented that
the dictionaries made possible the learning of new signs and helped them discuss
activities as a family. Adults found that using the dictionaries released them from
the pressure of having to be the one to explain everything during the visit. With the
dictionaries, the flow of conversation and learning between parent and child was
enriched and encouraged.

Parents unanimously endorsed the Word Lists. All of the parents interviewed (100%)
said they used the Word Lists to identify terms to look up in the dictionaries. All of
the parents who responded to the survey (100%) said the Word Lists were useful in
helping them use the dictionaries. They commented that the combination of the Word
Lists and dictionaries served to seamlessly integrate their experience with the activities.
Having Word Lists available motivated them to use the dictionaries, gave them confi-
dence that they would find the terms they were looking for, and targeted their focus
when doing the exhibit activities.

Research question 2

To help us to begin to answer our second research question (What kinds of learning
are made possible with use of the dictionaries, and how do they affect the engage-
ment, involvement and interest of deaf and hard of hearing family members during
visits to the museum?), we organized our results around the three sub-questions intro-
duced earlier:

1. How much time do family groups spend at activities?
2. What do family members learn with use of the dictionaries?
3. What do family members say about use of the dictionaries and their level of

engagement, involvement and interest?

Key results that emerged from analysis of the data for each sub-question follow.
Taken together, they provided the information that was used to explain the kinds of
learning that are made possible for visitors in the study’s focal population with use of
the dictionaries during family visits to museums, and how they affect visitors’ engage-
ment, involvement and interest.

Observation data provided evidence for how much time family groups spend at
activities (Sub-question 1). As was noted in the discussion of results for Research
Question 1, the total number of family group visits to Science in the Park activities
with Word Lists was 22, and the total number of family group visits to activities
without Word Lists was nine. Data for how much time family groups spent during
their visit to Science in the Park activities show that 1/22 (5%) spent <1minute at
activities with Word Lists and 1/9 (11%) spent <1minute at activities without Word
Lists; 9/22 (41%) spent 1 to 2minutes when there were Word Lists and 4/9 (44%)
spent 1 to 2minutes when there were no Word Lists; 12/22 (54%) spent >1 to
2minutes at activities with Word Lists and 4/9 (44%) spent >1 to 2minutes at activ-
ities without Word Lists.
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As noted in the discussion of results for Research Question 1, the total number
of family group visits to Take a Closer Look activities with Word Lists was 27, and
the total number of family group visits to activities without Word Lists was 21.
Data for how much time family groups spent during their visit to Take a Closer
Look activities show that 0/27 (0%) spent <1minute at activities with Word Lists
and 0/21 (0%) spent <1minute at activities without Word Lists; 9/27 (33%) spent
1 to 2minutes when there were Word Lists and 8/21 (44%) spent 1 to 2minutes
when there were no Word Lists; 18/27 (67%) spent >1 to 2minutes at activities
with Word Lists and 13/21 (62%) spent >1 to 2minutes at activities without
Word Lists.

Observation and exit-interview data provided evidence for what family group mem-
bers learned with use of the dictionaries (Sub-question 2). As the following examples
show, use of the dictionaries enabled the learning of new ASL signs that benefitted
visitors in different ways:

1. While a hearing mother and her 12-year-old profoundly deaf daughter were
exploring View from Space, the mother pointed to the term space on the informa-
tion panel and prompted her daughter to look it up in the dictionary. After she
located the term, the mother showed her daughter how to click on the icon to
see the illustration. After looking at the illustration, the child watched the term
signed in ASL and then said, ‘Oh, that’s space… .OK!’ With a new understanding
of the sign and having seen a visual image for the term space, the mother and
child continued to do the activity.

2. While a father and his 9-year-old son, who was hard of hearing, were about to do
the Small Balances activity, the father looked up the term balance. He used it as
he demonstrated to his son how to put weights onto the lever to try to balance
it. He said to his son, ‘Here you try.’ The father and son then worked together to
balance the lever. After they were finished, he helped his son look up the term
balance so that the boy could learn how to make the sign. They then practiced it
together.

3. As a child was doing the Race activity, her mother looked up the term fast
and practiced the sign. After her daughter had spent some time doing the
activity, she pointed to the graph that was displayed on the panel. In
response, the child looked up the term graph and watched the term signed.
She practiced the sign and then called her father over and demonstrated the
sign to him.

4. Before doing Hot or Cold?, mother and daughter read the activity instructions
together. The child then proceeded to do the activity. When she was finished,
her mother pointed to the term nerve on the content label and prompted her
daughter to look it up. They watched the term being signed. After learning
the sign together, they used it to discuss the child’s activity experience.

5. Before her two daughters began doing How Long Is a Minute?, their mother
watched sixty and second, the first two terms on the Word List, being signed. She
then turned the iPod so that her children could see the signs. After they had
looked at the signs, they all practiced the sign for each term together. The two
girls then used the signs as they did the activity.
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6. At Vibration Patterns, a mother looked up the term vibrate as her children did the
activity. She later commented that this was a new sign for her and that the dic-
tionaries had given her the opportunity to learn it.

The following figures are examples of study participants using the dictionaries.

Comments from parents during the exit interviews supply further evidence that
they used the dictionaries to learn new signs. For example, one parent said, ‘I learned
new words in ASL.’ Other parents said: ‘The dictionaries helped my hearing children
learn more ASL.’ ‘I learned the signs for force and lever.’ ‘My children learned the signs
for Earth, stars, lemon and temperature.’ ‘I learned the sign for vibration.’ Comments
from children give evidence of their having used the dictionaries to learn new signs.
For example, one child said, ‘I didn’t know the signs for lever and fulcrum before using
the dictionary.’ Other children said: ‘I learned the sign for star.’ ‘I learned signs for
some words like nerve and reflect.’

In addition to family group visitors learning new ASL signs, observation and inter-
view data show that use of the dictionaries enabled them to learn what terms mean.
As the following examples demonstrate, family group visitors used this learning not
only to help them do the activities, but to discuss aspects of the activities:

1. While at Race, as two children began putting balls in the slots and running the
race, their mother pointed out the term energy on the activity panel to a third
child. The child used the dictionary to find the term and watch the definition
being signed. She looked up at the timer that displayed how long it took each
ball to run down the track and exclaimed, ‘Oh, now I get it!’

2. Before doing Light in the Darkness, an adult and child read the activity instructions
together. The child then did the activity. As they began to discuss what was hap-
pening, the adult pointed out the word reflect. The child looked up the term and
watched the term and definition being signed. She then used the term in her
explanation of what was going on in the activity.

3. After reading the instructions and doing Splash in a Flash, a child looked up
motion. She did this because it was a word on the content panel and she did not
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know its meaning. After having watched the definition being signed, parent and
child discussed the meaning of the term in the context of the activity.

4. While a hearing mother and her 12-year-old profoundly deaf daughter began to
explore Seeing with Sonar, the mother looked up the term sonar. She showed her
daughter the signed definition and prompted her to watch it. She then pointed to
the term on the activity panel and they discussed how it related to the activity.
They then proceeded to do the activity.

Comments from parents during the exit interviews provide further evidence of their
having used the dictionaries to learn the meaning of terms. For example, one parent
said, ‘In math terminology frequency means one thing. In scientific terminology, it
means something else. This led to a rich conversation with my kids about multiple
meanings.’ Comments from children provide additional evidence of their having used
the dictionaries to learn the meaning of terms. For example, one child said, ‘I looked
up sonar and learned what sonar is.’ Another child said, ‘Knowing the meaning and
sign for reflect helped me understand what was happening with the light.’

Survey and exit-interview data rendered evidence for what family members say
about use of the dictionaries and their level of engagement, involvement, and interest
(Sub-question 3). For example, one parent said, ‘Anything on an iPod makes my son
happy! It was great. Kids enjoyed using the technology. They enjoyed being able to
look up the word and see the signs for themselves. I really like it! I especially like the
definitions, which are not included in the ASL dictionary I already have on my phone.’
Other parents said: ‘It was a nice opportunity for us to enjoy the museum as a family
and for our son to gain more understanding. All in all it was an enjoyable morning
and it was good to be able to interact with our granddaughter more.’ ‘It was a great
experience. The whole family really enjoyed it. We liked the dictionaries so much that
we downloaded them to our phone and continued to use them in the museum.’
‘I really like being able to use the dictionaries to look up words. I like science so it’s
interesting to me.’ ‘Using the dictionaries opened up more vocabulary for both parent
and child. I really like this. This can really help me to explain things to my son. It’s
fabulous. The signs are good but it’s nice that the dictionaries also tell you what the
words mean. It’s really great for families.’

Key findings

Key findings for Research question 1 – How do visitors in family groups that include at
least one child age 5–12þwho is deaf or hard of hearing, integrate handheld diction-
aries into their museum learning experience during family visits? – show that families
did use the dictionaries during their visits to the exhibit activities. Specifically, they
used the dictionaries to help them read instructions, read labels, look up terms, use
the ASL sign and engage in discussion. Parents used the dictionaries to learn the signs
for terms so that they could better communicate with their children and answer their
questions. Prompting from parents and seeing terms in Word Lists often helped chil-
dren look up particular terms. Parents, deaf or hard of hearing children and hearing
children most frequently used the dictionaries to look up terms in ASL. The next most
frequent reason for family members using the dictionaries was to look up definitions
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in ASL. Parents and hearing children looked up terms and definitions in English more
frequently than did children who were deaf or hard of hearing. Only 10% of parents
looked up terms and definitions in SE.

Evidence appears to support the value of posting Word Lists. At Science in the Park,
13/22 (59%) of the groups used Word Lists. In addition, at activities with Word Lists,
77% engaged in discussions about the activities using their newly acquired signing
vocabulary, compared to 56% at activities without Word Lists. In fact, activities without
Word Lists received only nine family group visits compared to 22 family group visits to
activities with Word Lists, despite half the families having been assigned to begin their
visit with activities that did not have Word Lists. At Take a Closer Look, 20/27 (74%) of
the groups used Word Lists. In addition, 82% read the instructions at the activities
with Word Lists, compared to 57% at activities without Word Lists; and 70% read the
labels at activities with Word Lists, compared to 57% at activities without Word Lists.

In sum, parents and children alike used the dictionaries. They found them easy to
work with, informative and useful. The primary reasons for using the dictionaries were
to look up terms in order to learn the sign or to see the definitions signed. Ultimately,
most of the parents and many of the children used the dictionaries for building their
own signing vocabulary, which in turn increased their ability to communicate about
the concepts that were demonstrated in the various museum activities.

Key findings for Research question 2 – What kinds of learning are made possible
with use of the dictionaries, and how do they affect the engagement, involvement
and interest of visitors, ages 5 through adult who are deaf or hard of hearing, during
family visits to the museum – show that the dictionaries supported family group mem-
bers’ learning of new signs and definitions for terms. In particular, families discussing
the activities together using their newly acquired signed vocabulary are a concrete
indicator that these kinds of learning occurred. Such discussion also indicates that dic-
tionary use led to engagement, involvement and interest in the activities.

The duration of time spent at each of the activities further suggests that dictionary
use contributed to engagement, involvement, and interest. Nearly all the family groups
spent at least a minute at an activity, and half spent at least two minutes. Family
groups tended to spend more time at Take a Closer Look activities than at Science in
the Park activities. It is likely that the longer attention spans of the older children, who
were assigned to Take a Closer Look, and the kinaesthetic nature of Science in the Park
may explain a good deal of this difference.

Discussion

Eleven family groups participated in the study. These families included 12 deaf or hard
of hearing children. Nearly three quarters (71%) of the family groups observed during
the visits engaged in discussions about the activities they visited. The new signs they
had learned from using the dictionaries enriched and expanded these discussions.
Family members reported that they used the dictionaries to learn signs and definitions
for terms that were new to them more frequently at activities where a Word List was
posted.

One parent’s comment on the post-visit survey captures an idea common among
most of the families: ‘It [the dictionary] opened up more conversation and learning
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between parents and child.’ In addition, all of the 10 parents who completed the sur-
veys indicated that using the dictionaries helped them access the activities, made the
visit more ‘fun’ and enhanced their museum experience. They ‘got more out of it’ and
expressed the desire to use the dictionaries elsewhere at the museum and when visit-
ing other museums. Many children corroborated the adults’ sentiments during the exit
interviews when they commented that using the dictionaries helped them ‘do’ the
activities.

In sum, families used the dictionaries to look up and learn the signs for and
definitions of terms that were new to them. They then used this new knowledge to
discuss and learn the science content that was the focus of the activity they were
visiting.

Limitations of the study and recommendations for future research

The results of this study reflect the experiences of a limited number of families.
Therefore, they cannot be generalized to all families with deaf or hard of hearing chil-
dren. It is also important to note that the study was conducted in a limited number of
exhibit areas, in a single informal educational setting, and using a limited number of
activities within each of only two exhibit areas. For these reasons, a larger-scale study
is recommended. This larger study needs to include more participants, take place in an
expanded number of exhibits in the MoS, and include additional museum settings
such as zoos, aquariums, nature centres, natural history museums and botanical
gardens.

Implications for practice

The data strongly suggest that when a Word List is affixed to an activity, family
group visitors are more likely to use the dictionaries to look up terms and definitions
and to discuss the content of the activity with their companions. This implies that if
an informal science education venue were to decide to make the signing dictionaries
available to deaf or hard of hearing visitors during their visit, the dictionaries’ learn-
ing value would be enhanced substantially if the venue also affixed Word Lists to
display panels. These lists should include key terms that are also in at least one of
the dictionaries and that are necessary for understanding the content focus of the
presentation.

Suggestions collected from parents’ responses during the exit interviews and from
the post-visit online survey indicate that signing could be integrated into other aspects
of the displays to enhance the overall museum experience as follows:

1. ‘For children who cannot read well, it would be nice if the blurbs [English text] on
the exhibits themselves could be signed so deaf/HH kids that sign could get the
directions or explanation.’

2. ‘[Add] a signed introduction to match the exhibit and the words visitors will be
looking up.’

3. ‘Incorporate an indicator [next to the text on the panels] so people who are deaf
would know that those are the words they can look up.’
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Suggestions from parents also mention ways in which the dictionaries could be
improved for use in a museum setting. These include: adding more terms that are
museum specific, identifying additional terms at each activity that could be accessed
using the dictionaries and adding video clips for some of the ‘harder’ concepts.

Conclusions

Family groups visiting the museum included children with a range of ages and levels
of hearing loss – family group members used the dictionaries to learn the signs and
definitions for terms that were new to them as they visited activities. They then
engaged in discussions related to the activities. In the context of the two exhibits used
for this field test, the data strongly support the assertion that the dictionaries, which
are rich in visual approaches to learning, are valuable learning tools for science
museum visitors who are deaf or hard of hearing. It would be important to conduct
further studies in more exhibits – at the MoS as well as in a variety of informal science
education venues such as zoos, aquariums and natural history museums – to confirm
the dictionaries would be valuable learning tools for other science-based settings. It
would also be useful to conduct additional studies to begin to ascertain the degree to
which increased vocabulary knowledge might result in quantifiable increased content
knowledge for the deaf and hard of hearing population – a topic about which little is
currently known.
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