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Research Motivation

 Developing Disciplinary Literacy – Significance of Reading
 Learning to read discipline-specific texts calls for instruction specific to that discipline

 Contextual interpretation of discipline-specific text critical to constructing concepts

 Instruction must provide experiences engaging students in the disciplinary language

 Students afforded limited opportunities to engage with informational text

 Barrier to comprehending informational text are experiences using graphical devices

 T/E Design Based Learning – Graphical Device Comprehension
 Language of technology and engineering: sketches, diagrams, graphs, models, etc.

 Such graphical devices:
 are intrinsic to disciplinary practices of technology and engineering

 play a strong role in the teaching and learning of disciplines

 T/E DBL Potential: engage students in authentic T/E design practices to promote GDC



Research Motivation

Research Gaps
 Evidencing:
 the efficacy of T/E Design Based Learning to teach other 

disciplines
 that engaging students in authentic design challenges 

inclusive of graphical devices promotes discipline-specific 
reading comprehension
 that teaching students designerly ways of knowing promotes 

disciplinary knowledge transfer



 Defined:
 Used to convey new information or reinforce information from the continuous text

 Organized in eight metacatagories:

 Diagrams, Flow diagrams, Graphs, Timelines, Maps, Tables, Images, Simple 
Photographs 

 60% of graphics contain information not found in written text

 Comprehension:
 6% of the total reading time spent examining visual elements of text

(Hannus & Hyona, 1999)

 27% of the time students were looking at a graphic “they were not thinking about 
anything” (Norman & Roberts, 2015, p, 49)

 Placement of graphical devices requires readers to interpret the text in a “nonlinear, 
nonsquential” manner (Gill, 2009, p. 266)

Graphical Devices



Research Problem
 Significant Challenges:

 Student use and comprehension of graphical devices in nonfiction/informational texts

 Graphical Device Comprehension (GDC):

 Important for overall comprehension of nonfiction/informational texts

 Research Gap:

 Instructional strategies found to improve GDC at the elementary level

 Present Study:

 Investigation of relationships between GDC comprehension and T/E DBL challenges incorporated into 

reading instruction.

 Research Question:

 What relationship exists between design-based learning challenges which are supported by discipline-
specific graphical devices and students’:

 Frequency of use of discipline-specific devices

 Comprehension of science and engineering discipline-specific graphical devices in texts which are 
used to support the design-based learning challenge, and

 Comprehension of science and engineering discipline-specific graphical devices in novel texts?



Participants

 Six participants selected using stratified purposeful sampling. 

 Determine the two on grade level participants by selecting the two students reading at level S 
(District determined grade level reading level) who have an SOL score at, or closest to the mean 
SOL score for that group of students

 Determine the two below grade level participants by averaging the numeric equivalent of the 
reading levels for all students below level S (19) and selecting students at the mean reading level 
for below grade level readers. Of those students at the mean, students were ordered by SOL 
score and those at or closest to the mean SOL score of students below level S were selected for 
the below grade level stratum.

 The participants for the above grade level stratum were selected using a similar process to the 
below grade level stratum. For the above grade level stratum, all students scoring about level S 
(19) were used to determine the mean reading level of that group. 



Implementation 
Schedule



Prior Knowledge Assessment

 Modeled after prior knowledge assessment rubric (Taboada, Tonks, Wigfield, & Guthrie, 2009)

 Participants responded to an open-ended prompt asking them to write what they know about a 
specific topic.

 Responses scored using a six-level rubric. 
 Lower levels on rubric equivalent to lower level answers (inclusive of minimal or inaccurate information)

 Higher levels include more accurate information organized in relation to a set of nine, pre-defined ecological 
concepts



Graphical Device Comprehension Assessment
(GDCA, Roberts, Norman, & Cocco, 2015)

 Instrument to assess “students’ understanding and interpretation of 
various graphical devices found in children’s books” 
 Students shown graphical devices in authentic texts and asked questions 

about the information presented in the devices
 Each question scored out of 2 points, totaled, and then converted to a 

scaled score
 Engineering texts not included in original study
 Engineering is the authentic context for multiple graphical devices so 

the assessment was adapted to include engineering texts



Reading Comprehension Assessment
 The reading comprehension assessment was developed based on a 

modification of the assessment method used by Taboada, Tonks, 
Wigfield, and Guthrie where participants were asked to read content 
specific passages and then respond in writing to an open-ended 
prompt. 

 Scored using 6 level rubrics very similar to the Prior Knowledge 
Assessment 

Treatment weeks 1-3



Frequency Observation Rubric
 The frequency observation rubric was a researcher-designed instrument used to 

record the frequency at which participants referenced a given graphical device 
during engagement in a DBL challenge. 
 The frequency observation rubric was designed to account for all possible ways 

the participants might refer to the passages: visually only, orally, physically, in 
response to their partner, or in response to the researcher.
 The frequency observations of the text references were separated into two phases, 

initial design and design iteration, resulting in a total of 10 frequency categories. 

Treatment weeks 1-3



T/E Design Based Learning Challenges

 Challenges incorporate both science and engineering concepts that are included in the 
texts for the comprehension assessment

 Criteria for the challenges are written to benefit from information contained solely in the 
graphical devices that are included in the comprehension assessment texts 

 Challenges are Design-No-Make (DNM) where participants complete a design to solve the 
problem, but do not build it

 Participants work in reading level dyads

Treatment weeks 1-3
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Comprehension Post-test

 Participants are pulled in a whole group setting and administered the 
comprehension assessment

 After the assessment is complete, the researcher will review the 
design challenge with the students and point out places in the 
comprehension texts that would have helped with the design. This 
serves as the explicit instruction on the graphical devices.

Treatment weeks 1-3



GDCA Posttest

 Participants are retested with the GDCA and the 
results are compared with initial testing.



 The results from the total 
participants’ pretest and posttest 
results for the diagrams 
subsection of the GDCA 
indicated a significant difference 
between the pretest and the 
posttest t(5)=3.081, p=0.027. 
Cohen’s d (d=1.26 CI 95% [0.13-
2.33]) exceeded the benchmark 
for a large effect size (d=0.80). 

 The participants in this study 
did not significantly improve 
their general understanding 
of cross-sectional diagrams 
or tables, though the p-
value for tables was 
approaching significance. 

GDCA Results



 Overall higher post scores across all dyads, with the greatest seen in the Diagrams and Tables 
subsections 

 BGL and OGL dyads largest pre/post increases in the Diagrams and Tables subsections and  Scaled 
Scores. 

 General understanding of diagrams between the BGL and AGL dyads equalizes following engagement in 
T/E DBL

 AGL dyads demonstrated the least pre/post increase in GDC
 Across all reading levels, the greatest impact on GDC can be seen in the diagrams and tables subsections.

GDCA Results



 In Design Challenge 1, only two participants 
increased comprehension levels from pre to 
post assessments.

 In Design Challenge 2, eight participants 
increased comprehension levels from pre to 
post assessment.

 In Design Challenge 3, only 4 participants 
increased comprehension levels from pre to 
post assessments.

 Participants were going though standardized 
testing during the third design challenge which 
may have impacted the scores. 

Reading Comprehension
Assessment Pre/Post Results



 In Design Challenge 1, only 
two responses used graphical 
devices in their responses

 In Design Challenge 3, nine 
responses used graphical 
devices 



 Results of the within subject ANOVA 
indicate that there was a significant 
increase in combined pretest scores 
between design challenges F(2, 10) = 
7.71, p = <0.009, partial η² = 0.607 

 Post hoc comparisons show a significant 
increase in combined pretest scores 
between design challenge 1 and design 
challenge 3.

Reading Comprehension Assessment 
Pretest Comparison Results



 Results of the within subject ANOVA 
indicate that there was not a significant 
increase in pretest scores between design 
challenges F(2, 10) = 1.857, p = <0.206 
partial η² = 0.271 for the engineering texts. 

 Results of the within subject ANOVA 
indicate that there was a significant 
increase in pretest scores between design 
challenges for the science texts F(2, 10) = 
13.261, p = <.002, partial η² = 0.726.

 Post hoc comparisons indicate a significant 
increase in science pretest scores between 
design challenge 2 and 3.

Reading Comprehension Assessment 
Pretest Comparison Results



Did Prior Knowledge Impact 
Pretest Scores?

 The participants which had higher 
pretest scores for Design Challenge 1 
(participants 1, 2, and 5) did not 
match with higher prior knowledge 
scores (participant 1 scored 0, 
participants 2-6 scored a 2).

 In Design Challenge 3, the 
participants which had higher 
pretest scores for Design Challenge 3 
(participants 2, 3, and 4) did not 
match with higher prior knowledge 
scores (participants 1 & 2 scored 0, 
participants 3-6 scored 1). 



 Results of the within subject 
ANOVA indicate that there 
was a significant difference 
in frequency counts between 
design challenges F(2, 10) = 
85.795, p = <.001, partial η² = 
0.945.

 Post Hoc comparisons 
indicated a statistically 
significant increase from 
design challenge 1 to 3 and 
from design challenge 2 to 3



 Science and engineering 
passages were analyzed 
for words and phrases only 
used in the graphical 
devices and were 
identified as “unique”

 Participant responses 
were then analyzed for 
instances where the 
unique words and phrases 
were used

 These data were 
categorized into three 
usage types: an exact 
quote of a unique 
graphical device word or 
phrase, an excerpt of the 
unique word or phrase, an 
image, or part of image, 
from the graphical device.



 Unique words 
and phrases 
used in design 
challenge 
responses 
increased from 
none in the first 
design 
challenge to 11 
in design 
challenge 3. 

 Of all the 
unique words 
and phrases 
used, 12 out of 
the 15 were 
diagrams



Research Conclusions and Implications
 T/E DBL Challenges address common issues with GDC 

 will increase student text interactions

 Equalizes below grade level readers in GDC of diagrams and tables with above grade level readers

 T/E DBL is effective to statistically significant levels as a method for improving comprehension 
of unfamiliar science texts

 T/E DBL supports an increase in comprehension of engineering texts, but further research is necessary to 
determine if there is a statistically significant impact

 T/E DBL challenges support a deeper level of understanding of graphical devices in unfamiliar 
texts

 More higher level responses given on comprehension pretests

 Pedagogical
 Reading, specifically of graphical devices, should be considered a science and engineering practice that is part of 

the design process

 T/E DBL should be considered alongside the other reading pedagogical approaches.



Significance of T/E DBL for GDC
#1 Graphical device comprehension and general reading comprehension (nonfictional/informational text)
 Few formal TEE programs at the elementary level – most are STEM/STEAM programs

 ELED programs largely implemented from a science perspective

 Educators well-versed in I-STEM ED pedagogy can implement T/E DBL as an authentic designerly way of learning

 This research demonstrates the power of DBL for teaching content and practices difficult to teach in other disciplines

#2 Findings: across all participants, engagement in T/E DBL resulted in 
 Increased text interactions and usage of graphical devices

 Promoted general GDC for diagrams and tables

 Improved comprehension of unfamiliar science texts

 Greater benefits for below grade level readers

#3 Significance: Technology/Engineering Design Based Learning as a viable pedagogy for:
 Improving situational (contextual) interpretation of graphical devices within discipline-specific texts

 Enhancing constructed understandings of embedded disciplinary concepts

 Recognition of additional information contained within graphical devices

 Transfer and application of graphical device knowledge in novel situations in other disciplines
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