UMBC Engineering Teacher Pedagogy: Using INSPIRES to Support Integration of Engineering Design
AN HONORS in Science and Technology Classrooms

UNIVERSITY Jonathan Singer$, Christopher Rakes$, Julia Ross*, Tory Williams® and Jacqueline Krikorian®
IN MARYLAND University of Maryland Baltimore County, Department of Education$ and Virginia Tech, College of Engineering*

DISCUSSION INSPIRES
INTRODUCTION RESULTS Fig. 5. Innovation Configuration Mapping (IC Maps)

The Next Generation Science Standards establish a shift toward integrating Fig. 2. Mean RTOP Scores Across All Categories of Engineering Lessons The resu.lts suggest tha!t reformed pedagogY improved significantly during this
engineering into K-12 science educationl. This shift presents significant longitudinal study. Gains in reformed practice (RTOP scores) as well as the
. . . 100 . . . . . . .
challenges to school districts due to a lack of (1) teacher professional /C Map: All Items Combined integration of Engineering practices (IC Map scores) were evident in lessons
development that strengthens teachers’ abilities to integrate engineering 20 I N associated with the INSPIRES curriculum, particularly the “Engineering
. _ : ' : sseline » e o . :
design concepts and practices with science learning; and (2) the 30 ) | m Eaceline Lesson” (Lesson 11). This ﬁno!lng |mpI|es.that providing teachers with lesson
: : . : : I HScience Lesson 1 exemplars can serve as effective scaffolding.
concomitant instructional materials appropriate for classrooms. The , 70 ; T B Engineering Lesson 1 30 -
. . . . . . = T T Q INSPIRES Yrl1 L7
INSPIRES (INcreasing Student Participation Interest & Recruitment in g 60 i I @ Transfer 1 S . { One reason why Lesson 11 may be more reform-oriented than the other lessons is
: : : . . 2 3
Engineering & Science) research program supports the integration of g 50 Oscience Lesson 2 2 1 I M INSPIRES Yr1 L11 because the design-based lesson may have pushed teachers from their comfort
engineering design into high school science and technology curricula and = O Engineering Lesson 2 S 20 [ ® Transfer Yr1l zones and encouraged them to follow the lesson plan more closely. Evidence for
classroom practices, and strategically addresses these critical challenges = 0 O Transfer 2 S | | T J T OINSPIRES Yr2 L7 this speculation is presented when teachers enact specific pedagogical strategies in
(NSF #ESIE-0352504, awarded 2004; NSF #DRL-0822286, awarded 2008; NSF O Transfer 3a s 15 T I [T | : | i ' the Lesson 11, but not Lesson 7 (Science Lesson), even though the lesson plan guide
#DRL-1418183, awarded 2014). 20 O Transfer 3b - | ! I O INSPIRES Yr2 L11 prompts the use of these strategies in both lessons. For example, using student
10 T S Transfer Yr2 artifacts from prior lessons are explicitly encouraged in the guides for both Lessons
In the current research study, we implement the INSPIRES professional 0 5 | 7 and 11, aIthoggh we observ.ed.teachers enacting studen.t artifact-sharing more in
development (PD) model to investigate teacher pedagogical development : O Transfer Yr3a Lesson 11 thanin Le_sson 7. §|mllarly, both I.esson plan guides e.nc?urage tethers
over three years as a function of two distinct STEM learning environments: All Teachers Biology Teachers Tech Ed Teachers O Transfer Yr3b to prompt students in sketching their eXpe”menta_l systems. Within our qu.alltatlve
high school biology and technology education. The broad goal is to Fia. 3. M S 2 RTOP Subcat ies (n=17) subsample, we found that only technology education teachers followed this
characterize the benefits and limitations of- utilizing an educative Ig. 5. Viean >cores Across ubcategoriés (n = strategy during Lesson 7, while both biology and technology education teachers
, , : :
— . prompted design sketches in Lesson 11. In the latter example, technology education
curriculum-based PD model as a mechanism for strengthening teacher Table 1. Pairwise Comparisons for IC Maps : )
edarogical <kills for inteerating engineering bractices in hich school STEM - | te_achers may have followed the science basec?l lesson plan more cflosely than the
pedagog g g . g. gp . g ) WBaseline @Transfer 1 OTransfer2 DTransfer3a U Transfer3b Comparison Sig. (All Teachers Sig. (Bio Teachers Sig. (Tech Teachers biology teachers, perhaps because the non-science teachers require more support
classrooms. Here, we present findings from the first three years of the g 1> el e P . L N=17) N=6) N=11) while enacting a lesson with a science focus. Then, perhaps all teachers sought extra
longitudinal study. T 10 . i : B ST —————— p— — 0 support from the lesson plan guides when enacting a novel, engineering design-
(e} . . . . . . . . . pe .
. based lesson. Therefore, while there were no quantitative significant differences
RESEARCH QUESTIONS g Baseline : INSPIRES ENG 2 <.001* .009* 518 identified between technology education and biology teacher RTOP scores, the
. . . . 0 : * * ualitative analysis suggests that technology education teachers may have been
1. Did teachers’ classroom practice change as a function of the Project- Lesson Design  Propositional Procedural Classroom  Teacher-Student o e e s - > ?ollowin the IeZson Igagn more closel tharg1ybiolo teachers durin ?_Iesson 7
: * . » » . : :
_ . _ . . —— s Sig. (Propositional  Sig. (Procedural Sig, (Classroom Sig. Transter 1 ; INSPIRESENG 1 L2 B2 e Teachers ability to “transfer” these practices into their own lessons were mixed.
2. Did pedagogical skill development differ between biology and Knowledge) Knowledge)  Culture) it INSPIRES SCI 2 : INSPIRESENG 1 .008* 1.000 .027* RTOP comparisons between Baseline and Transfer lessons did demonstrate
technology education teachers? Transfer 2 - INSPIRES ENG 1 009* 101 1.000 significant gains in sub-f:a’Fegories associated with Procedural Knowledge and
Baseline : Transfer 1 266 1.000 161 029* 571 Transfer 3b - INSPIRES ENG 1 010* 153 1000 Classroom Culture. A similar pattern of growth, however, was not demonstrated
METHODS el oot 2 000 1.000 or* - 000 ' ' : ' with explicit Engineering Design Practices as measured by the IC Maps instrument.
. _ . _ . aseline : Transfer : : . . : : *
The study followed a longitudinal triangulation mixed methods CrEmsiEr 1 s INBPIEES LG 2 AL Sl A0S
design. Biology (n=7) and technology education (n=12) teachers from a large Paseline : Transferda 0% 073 903 929 A7 INSPIRES 5C1 2: INSPIRESENG 2 .002* 404 0227 Ajquna”y’ the;]re > notda 5|gp|f||cant dlf:]erencehl?etween biology and teclhnOIOg‘;
suburban school district in the Mid-Atlantic region participated in the study. Baseline : Transfer 3b 1.000 1.000 .014* .039* 1.000 Transfer 2 : INSPIRES ENG 2 .001* 147 .639 education teachers pedagogical growth at this tume. However, analyses o
. . subsequent Year 3 Transfer lessons may reveal differences between teachers of
The PD program consisted of a 5-day summer institutes followed by after- different content ar The final vear of this loneitudinal study i ted to vield
school sessions through the academic years. Selected lessons were recorded Transfer 3b : INSPIRES ENG 2 .002* 464 .107 TIETEN® COMEIT areds. TNe fha; year of HhiS ONBItUCInal StTUEy 15 BXpected 1o y1e
4 e follow: L aline: | _ _ | further reform in pedagogical skills and the integration of engineering practices into
according to the following timeline: . W Baseline H Science Lesson 1 M Engineering Lesson 1 STEM classrooms (Fig. 5). To date, these findings provide insights for rethinking the
Summer Engineering Summer Engineering Science Lesson 2 O Engineering Lesson 2 36 st.ructcure of PD, particularly in the integrated use of an educative curriculum aligned
PD1 Lesson 1 PD 2 Lesson 2 SIS . E i it - IC Map Treatment vs. Control Comparison with intended PD goals.
| A 31 (All Teachers, IC Map B&C Items)
| | | E;’LO N —+Treatment (n =17) Control (n=9) N EXT STE PS
- -
Baseline Science Transfer Science Transfer = 5 H £ th dv i fold i | q h
Lesson 1 Lesson 1 Lesson 2 Lesson 2 © gn T e. r.lext step of the study Is tw.o old. -Ong track iIs to analyze at.a at the
20 3 individual teacher level. Extensive longitudinal classroom observation data
Science and Engineering lessons are from the INSPIRES Hemodialysis Lesson Design P&Oposl't';’”a' Eroceld‘éral C'gsftroom TeRaih;r'St‘;qe”t 2 | (RTOP and IC maps) as well as teacher efficacy measures and qualitative
: . ] . : nowledge nowledge ulture elationships . . : . . : .
curriculum; they contain engineering design and reformed, student-centered & & P ' M\ interview data has provided several interesting cases for further analysis.
pedagogies (Fig. 1). The Baseline and Transfer lessons are non-INSPIRES g 11 | l
lessons selected by the teacher that incorporate the NGSS Engineering Comparison g (teson i (opesitional i (pocedurl S, (Clssroom i, (Teacher - Student The second track is to explore relationships and patterns among the
. esign nowledge nowledge ulture elationships + .
Design standard (HS-ETS1) 2. ° different measures.
Baseline : INSPIRES .009* 1.000 <.001* .005* .006*
ENG 1 1
Fig. 1. INSPIRES Hemodialysis Curriculum Baseline : INSPIRES ~ .001* 085 <001*  <001*  .002* Baseline Year 1 Year 2 Year 3a Year 3b REFERENCES -
4 Next Generation Science Standards. (2013). Next Generation Science Standards.
ENG 2 Timepoint [Website]. Washington, DC: National Research Council, National Science Teachers
INSPIRES SCI 1 : .011* 1.000 .023* .010* .007* Association, & American Association for the Advancement of Science. Retrieved from
INSPIRES ENG 1 http://www.nextgenscience.org/
INSPIRES SCI'1: .002* 1.000 <.001* <.001* <.001* Flg. 6. INSPIRES Experimental Plan 2Piburn, M., & Sawada, D. (2000). Reformed teaching observation protocol (RTOP):
INSPIRES ENG 2 Reference manual (ACEPT Technical Report INOO-3). Tempe, AZ: Arizona State
INSPIRES SC| 2 - 010* 1.000 123 019* 055 University, Arizona Collaborative for Excellence in the Preparation of Teachers.
Baseline Biology and Technology
WEFIRES ENE 2 Classroom Environment - 3Cicchetti, D. V. (1994). Guidelines, criteria, and rules of thumb for evaluation normed
and standardized assessment instruments in psychology. Psychology Assessment, 6,
. . — er—— ( ;::}r':esui';:es\\ 4Coffey, A., & Atkinson, P. (1996). Making sense of qualitative data: Complementary
F I g' 4' R TOP Con tr OI COmp arison ﬁ f—"“’i}i;mes.om\, Teacher Measure Outcc;;\é\é\,_ {;,\‘,‘,;2'::,': ﬁ,f;?c';',‘,',e_s__) \M- ° reome research strategies. (pp. 54—82). Thousand Oaks, CA: Sage Publications.
/  Aim 2ii (PCK): RTOP*, IC Maps* \ T—— ==
. \ L'fi";“fiz'r‘zi;‘;ﬁ?: ;';‘:ff"’c'e Wutcomes l 5Singer, J., Lotter, C., Feller, R., & Gates. (2011). Exploring a model of situated
The Science Lesson is an inquiry-based activity focused on diffusion. Dialysis membranes of RTOP Treatment vs. Control Comparison \\*\‘__K!\:’\-E‘?_SL—JF_C'S —_‘ professional deyelopment: Impact on classroom practice. Journal of Science
. . . e (All Teachers, All RTOP Items) e . _ Teacher Education, 22 (3) pp. 203-227.
different pore sizes containing artificial blood are shown. ofessions- T':f;,",:ﬁf:;’ﬁ::fs'e’s oo 6Singer, J. E., Ross, J. M., & Jackson-Lee, Y. (2016). Professional development for the
The Engineering Lesson allows students to design, build, and test their own Hemodialysis ——Treatment (n = 17) Control (n =9) 20 Treatment Biology € e\oP™ ,siolzg;;:c:‘:;?:gy integration of engineering in high school STEM classrooms. Journal of Pre-
systems; a sample final product is shown. 100 20 Treatment Tech Classes College Engineering Research, 6 (1), Article 3.
@ 80 N
L d d h RTOP b . 9 d . I bI 8 — § Common Teacher Measure Outcomes e \\__‘__ __ "
- n aseline Biolo im rientation): ' T~ ( \“, ommon Measure
. es-son reCOr Ings .Were. SCOre On t e ru rIC an 3 Inter rater re Ia I Ity E 60 / i I ‘5 Band ;eCh?‘OIlo:: zim ;i(((zzont;ntt Kn)olei(Snges):OECCA :""i:ommon Measu}é’\‘ '\cgmmon Meas—we" C OUtcohrﬁnes ACKNOWLE DGEMENTS
indicated correlations in the good-to-excellent range®. Mean total scores ° . + Classroom Aim 2ii (PCK): RTOP, IC Maps ~—Outcomes Gutcomes . .
. ) = 40 Environment Common Student Measures Outcomes We wish to thank the teachers, administrators,
were compared using repeated measures ANOVA (Fig. 2, Table 1) and mean g Aln 3: Engineering Design Practices and program staff of our partner school district
scores comparing five RTOP item subcategories were determined (Table 2, 20 W Regular ( W Regular ( w Regular ( for their time and efforts in this study. The
. | Control Biology/ District ) Control Biology/ District ) Control Biology/ District S Control Biology/ fo”owing UMBC Students assisted in the
F|g 3) 0 20 Control Biology Technology Classes |[Improvement| Technology Classes |Improvement | Technology Classes Improvement’| Technology Classes ] .
B . 20 Control Tech J Efforts L J Efforts L J Efforts t collection of classroom recordings: Abby
Baseline Year 1 Year 2 Year 3a Year 3b ) e )
: : INSPIRES project progression with measurement outcomes. SOC=Stages of Concern. TESS=Teaching Engineering Self-Efficacy Scale. Singer, Ahmed AI-SaI|h|, Goureesh Paranjpe,
Qualitative trends were examined for Year 1 lessons from 3 Subsample of Timepoint RTOP=Reformed Teaching Observation Protocol. PCK=Pedagogical Content Knowledge. IC Maps=Innovation Configuration Maps. Garrett Bockmiller, Marcus Foster, and
d I _ | t d t h ( _ 6) Ob d . d tl t t LOU=Levels of Use. ECA=Engineering Content Assessment. RTOP* and IC Maps* represent an additional data collection point only for Ekaterina DiBenedetto. This project was
randomly-selected teachers (n = 6). servers used an inductive conten INSPIRES teachers. funded by a Discovery Research K-12 NSF grant

analysis approach to identify common themes and divergent cases 4. All whiskers in Figures 2, 3, 4 and 5 represent standard error. (DRL 1418183).



