This chapter discusses the effectiveness of an HPL frame-
work used in a laboratory-based, tissue-engineering
module designed in part to improve students’ written
communication skills. It illustrates a successful imple-
mentation of written communication instruction that
does not compromise content knowledge instruction.
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Experts from academia and industry agree that subject-matter competence
is only one necessary goal for professional success; communication compe-
tency is critical as well—for writing grants, publishing research results,
working in teams, and so on. As collaboration and interdisciplinarity
become increasingly common, future engineers and scientists must be
increasingly skilled in communication. Thus, engineering educators must
find ways to teach the professional skills, such as communication and
ethics, endorsed by the Accreditation Board for Engineering and Technol-
ogy (ABET) Engineering Criteria 2000 (Shuman, Besterfield-Sacre, and
McGourty, 2005).

During the last twenty years, much work has been done on engineer-
ing writing by faculty engaged in Writing Across the Curriculum (WAC)
and Writing in the Disciplines (WID) (Babin and Harrison, 1999; Poe and
Freeman, 2004). However, most engineering and science courses still con-
centrate on merely teaching their domains instead of integrating the related
professional skills.
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60 DEVELOPING STUDENT EXPERTISE AND COMMUNITY

VaNTH (http://www.vanth.org) aims at improving students’ content
understanding along with the related skills. As part of this mission, we
were interested in seeing whether the HPL learning environment used in
many VaNTH classes to promote content mastery, as in Tissue Engineer-
ing, simultaneously could improve the teaching and learning of communi-
cation skills. Therefore, in this study we investigated the effect of an
instructional strategy aligned with the How People Learn (HPL) framework
(Bransford, Brown, and Cocking, 1999), focusing on students’ written com-
munication skills as they acquired content understanding in a laboratory-
based, tissue-engineering course.

Research has shown that an HPL-informed instructional strategy pro-
motes student learning of content (Greenberg, Smith, and Newman, 2003;
Pandy, Petrosino, Austin, and Barr, 2004), not only in science and engineer-
ing, but also in literacy and the social sciences (Cammack and Holmes,
2002; Williams, Nix, and Fairweather, 2000). Researchers even have begun
to explore the effect of HPL on core competency instruction (for example,
Troy, Hirsch, Smith, and Yalvac, 2004; Hirsch, McKenna, Shwom, and
Anderson, 2004). However, studies have not explored the extent to which
a fully utilized HPL framework and instructional strategy can influence the
quality of student-generated reports in a course whose major objectives are
the teaching of science.

The HPL Framework: A Review

Using the whole HPL framework means that the instructional design must
encompass all four of its teaching principles. The pedagogy must be
knowledge-centered, learner-centered, assessment-centered, and community-
centered (Bransford, Brown, and Cocking, 1999), the characteristics of
which are as follows:

In a knowledge-centered approach, the goal is to present knowledge to stu-
dents so that they acquire not only specific details but also an overall
understanding of the domain.

The learner-centered principle recognizes students’ preinstructional skills
and knowledge as a base for acquiring new knowledge. It helps students
make conceptual linkages to their knowledge corpus.

Assessment-centeredness means that assessment becomes part of the teach-
ing strategy—not merely a means of measuring learning after the instruc-
tion has ended.

Community-centeredness focuses on students’ collaborating with one
another and with the public, both in and after class. It includes students
working in groups, engaging in class discussions, making presentations,
attending conferences, and so on. These activities help students apply
their newly learned skills and enter the community of engineers.
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These HPL centers are all interconnected. For example, an assessment-
centered learning environment requires both content knowledge and stu-
dent input, and student input exemplifies learner-centeredness, as students
make their knowledge visible to the instructor. In this study we suggest that
the interconnectedness and complexity of an HPL framework benefits core
competency instruction because it fully engages students in their inquiry-
based learning tasks.

The Study Context: A Tissue-Engineering Module

Tissue engineering, a rapidly evolving field, was chosen for this implemen-
tation. The targeted student population was senior and graduate biomechan-
ical engineering (BME) majors specializing in biotechnology. The course
comprised one lecture period and one lab period per week. Class size was
limited to about thirty students grouped into three lab sections.

During the study, one of the authors taught one lab section by follow-
ing an HPL-inspired pedagogical sequence, the Legacy cycle (Schwartz, Lin,
Brophy, and Bransford, 1999). The other faculty member taught the two
other lab sections (control groups) using traditional, non-HPL methods. Both
instructors had similar experience in teaching the course. In the HPL group,
the module led students through several guided-inquiry laboratory exercises
described elsewhere (Birol, Liu, Smith, and Hirsch, 2003). Each laboratory
assignment was presented as a challenge and taught using the Legacy cycle.
Here, we describe how the same Legacy cycle was used to create a learning
sequence for the communication instruction required by the lab.

A Legacy cycle begins with a challenge and then proceeds through sev-
eral steps during which students create new ideas, glean knowledge from
the instructor and each other, research and revise their work, and then “go
public” with the results. In the HPL module, each laboratory exercise started
with a discussion session to introduce students to the learning goals and
expected outcomes of that specific laboratory. To help students generate
ideas, questions promoted discussion about why the required technique is
important, how to perform the lab, what kind of data to collect, and how to
analyze those data. A short lecture on the exercise was included, which
allowed students to research and revise their ideas. During the hands-on lab-
oratory, the instructor continued the discussion informally. Consistent with
WAC-WID ideas, each laboratory ended with a report being assigned, along
with specific writing instructions. Students were then left to do their work,
or test their mettle. Students went public in the next session when they sub-
mitted the reports. The instructor went over the previous week’s reports and
provided written feedback on both unique and common mistakes in the
reports and suggestions on how to improve the writing.

Thus, students in the HPL group received continuous, prompt feedback
from their instructor on the content, style, and structure of the laboratory
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reports. This feedback and the in-class discussions aimed to uncover diffi-
culties and remedy students’ misconceptions of a well-written paper. The
instructor focused on higher-level writing and thinking challenges, such as
synthesizing the previous research, providing an argument, and drawing
meaningful conclusions.

The traditional group did not follow a Legacy cycle, and their laboratory
exercises and writing assignments were not informed by the four centers of
the HPL framework. Each laboratory exercise started with the instructor’s
short lecture and continued with the hands-on experiment. Students received
the same assignments as those handed out in the HPL group; that is, they
were expected to hand in a laboratory report each week. However, students
did not receive additional guidelines about their writing or feedback from
the instructor. They did not discuss the writing as a group. Reports were
graded by teaching assistants who had no HPL training. Students’ writing dif-
ficulties or misconceptions of a well-written paper were not explicated
through in-class discussions or corrected by instructor feedback.

Research Methods

Overall Design. For this study we used a quasi-experimental, nonran-
domized control group pre- and posttest design (Campbell and Stanley,
1966). Since the study participants were students enrolled in the tissue-
engineering course, they were all self-selected. They were also self-grouped
into the traditional and HPL sections. All thirty-three students were invited
to participate voluntarily, and all agreed.

Instruments for Data Collection. To collect our data, we used three
instruments: a student communication survey, a rubric for assessing con-
tent knowledge in the take-home paper, and a rubric for written communi-
cation in the lab report.

Student Communication Survey. To capture knowledge about students’
previous instruction in written communication, we designed a thirteen-
item, five-point Likert scale. The first two items asked about students’ expe-
riences in writing reports and the effectiveness of their previous instruction.
The next eleven items asked students to rate their abilities in specific com-
munication areas. These items, listed in Exhibit 5.1, were grouped under
three main categories, similar to those in the written communication lab
report rubric discussed in the following sections. Students from both groups
completed this survey in the beginning of the quarter.

Rubric for Assessing Content Knowledge in the Paper. To measure the
domain knowledge students gained by the end of the quarter, we developed
a rubric for scoring the take-home paper assignments. For the assignment,
students were asked to imagine they were writing a grant application and to
include points such as the appropriate gene transfer technique, the critical
factors for implementing that technique, and the ethical issues involved. We
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Exhibit 5.1. Student Communication Survey Items 3 to 13

Content

3. Writing an abstract

4. Writing background and integrating

5. Conveying an understanding of literature
6. Writing concisely

7. Explaining ideas clearly

Organization
8. Effectively using transitions
9. Effectively using headings

Mechanics and Grammar

10. Using words carefully and precisely

11. Avoiding errors in spelling and punctuation
12. Avoiding usage errors

13. Consistently describing data

used a rubric developed by the domain experts and other study team mem-
bers to probe student understanding of key course concepts.

After the course was completed, the HPL instructor used the rubric to
blind score pre- and postcourse papers from both groups. For each question
listed in the rubric, the instructor assigned a score from one to five, depend-
ing on the extent to which the student-generated papers aligned with the
rubric criteria, shown in Exhibit 5.2.

Rubric for Written Communication in the Lab Report. We designed
another rubric to assess students’ written communication performance on
the laboratory report. We generated items through discussion with the engi-
neering instructor, a learning scientist, and a writing instructor. Our crite-
ria consisted of characteristics of well-written professional papers in
engineering drawn from other engineering writing courses at the university,
surveys given to our engineering faculty, and industry workshops (Hirsch
and others, 2005). Writing abilities were grouped under three categories

Exhibit 5.2. Summary of Items from the Rubric Assessing Content
Knowledge Reflected in the Paper

1A. Student identifies the factors involved in the proposal.

1B. Student discusses the factors involved in the proposal.

2A. Student identifies an appropriate gene transfer technique and possible cellular tar-
get site.

2B. Student provides a rationale for choosing an appropriate gene transfer technique
and possible cellular target site.

3. Student devises a plan to implement the technique.

4. Student identifies and discusses the critical factors related to the specific gene
transfer technique.

5. Student identifies and discusses ethical issues relating to the design.
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chosen by the engineering instructor, shown in Exhibit 5.3. As before, each
subcategory was scored on a five-point scale.

Analysis

Pre- and posttest data from all three instruments were analyzed using a
repeated measures analysis of variance (ANOVA) procedure; in some cases,
gain scores were compared with an independent samples t test to simplify pre-
sentation of findings. Specifically, we investigated whether HPL-based instruc-
tion had an impact on students’ views of their written communication skills
and effectiveness of the instruction they received, students’ content knowl-
edge performance, and students’ written communication performance.

Exhibit 5.3. Rubric Items for Evaluating Written Lab Reports

A. Content

Al. Abstract
A2. Opening: states background and purpose

e Abstract (if called for in assignment)

e Introduction states purpose of report (not just purpose of experiment)
A3. Reflects literature

e Is complete

e Has depth

¢ Includes citations
A4. Explains ideas clearly

* Highlights key points

e Uses figures and equations when appropriate

e Uses words precisely

¢ Is consistent regarding numerical significance
A5. Makes good arguments

e Draws appropriate inferences and conclusions

e Backs up assertions with evidence and reasoning
A6. Has a useful conclusion

B. Organization
B1. Has good overall organization
B2. Divides information into useful categories or paragraphs
¢ Includes useful headings, topic sentences, transitions
e Subdivides long sections
B3. Has logical, coherent paragraphs

C. Writing Quality

Cl. Explains ideas concisely
e Avoids repetition and narrative
e Avoids discussion of mistakes

C2. Has a coherent voice—sounds like one writer

C3. Structures sentences so they’re easy to read
e Subjects and verbs early in sentences; lists at end
e Sentences of reasonable length or broken by punctuation into chunks
e Appropriate use of active or passive voice

C4. Avoids errors in spelling and punctuation

C5. Avoids errors in usage and grammar
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Findings

Students’ Views: Personal Experience with Writing and Effective-
ness of Instruction. The student communication survey asked students to
rate their past experiences in writing laboratory reports in BME classes.
After the course was completed, students in both groups rated their report-
writing experiences significantly higher than prior to the course, F(1, 21) =
4.31, p < .05. The means of the HPL group and the traditional group were
2.75 (.95) and 3.83 (.85), respectively. Indeed, students in both groups com-
pleted seven reports, so it was expected that both groups would increase
their responses to this item. As shown in Figure 5.1, no group differences
were detected.

When student rating of the effectiveness of their previous communi-
cation, shown in Figure 5.2, was considered, a marginally significant interac-
tion was detected; this included a trend toward the HPL group’s rating the
effectiveness of instruction higher than that of the traditional group after
the course, F(1, 21) = 2.91, p = .052. The HPL group showed a considerable
increase, whereas in the traditional group students actually rated the
instruction to be less effective after the course.

Students’ Views: The Specifics of a Written Report. Students were
also asked to rate their abilities on specific aspects of report writing. Table
5.1 shows significant gains across the majority of items, implying that stu-
dents in both groups thought their experiences in the tissue-engineering
course improved their written communication abilities. Group differences
were detected on only one item. Gains for the students in the HPL group

Figure 5.1. Students’ Pre- and Posttest Responses (Means):
Their Writing Experiences

Students’ Report Writing Experiences

E—
—

Students’ responses to 5-point Likert scale
w

Pretest Posttest

—A— Traditional instruction —@— HPL-based instruction
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Figure 5.2. Students’ Pre- and Posttest Responses (Means):
Their Views on the Effectiveness of Previous Instruction
in Written Communication

Effectiveness of the Instruction as Students Reported

Ut

t>—<

Students’ responses to 5-point Likert scale
w

Pretest Posttest

—A— Traditional instruction —®— HPL-based instruction

were significantly higher than those of the traditional group on “Writing an
Abstract,” t(21) = 2.2, p < .05. Trends in the data showed that students in
the HPL group reported more gains than did those in the traditional group
on all other items, except two: “Explaining ideas clearly” and “Using words
carefully and precisely.”

Students’ Content Understanding. Students in both groups demon-
strated gains over the course in all categories but one. The analysis of stu-
dents’ content understanding revealed no statistically significant differences
across groups.

Students’ Lab Report Writing. To analyze the students’ written com-
munication performance, we used the written communication lab report
rubric, resulting in a matched total of six students from the HPL group and
twenty-two from the traditional instruction group. Reports were blind
scored. The students’ pretest scores were compared across groups; students
from the HPL group performed significantly higher than did those in the
traditional group on all of the rubric items except two. The exceptions were
the last two items of the rubric: “Avoids errors in spelling and punctuation”
and “Avoids errors in usage and grammar.”

Content. Figure 5.3 represents students’ gain scores in the content com-
ponent of the communication rubric. The data showed that HPL-based
instruction had an impact on the students’ reports in several content areas,
including “Makes a good argument,” t(28) = 2.3, p < .05; “Explains ideas
clearly,” t(28) = 2.3, p < .05; and “Abstract,” t(28) = 10.6, p < .01.
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Table 5.1. Students’ Mean Scores Across Communication Survey Items

Traditional group (n = 18) HPL group (n=4)

Communication survey items  Pretest  Posttest ~Gain  Pretest  Posttest — Gain

3. Writing an abstract 3.00 3.00 0.00 2.00 3.25 1.25%
4. Writing background 3.39 4.00 0.61 3.75 4.50 0.75
and integrating
5. Conveying an under- 3.01 4.11 0.50 3.50 4.50 1.00
standing of literature
6. Writing concisely 4.0 4.22 0.22 3.00 3.75 0.75
7. Explaining ideas clearly ~ 3.61 433 0.72 3.75 4.25 0.50
8. Effectively Using 3.72 3.83 0.11 4.25 4.75 0.50
Transitions
9. Effectively using 3.61 4.16 0.55 3.75 4.50 0.75
headings
10. Using words carefully 3.77 4.05 0.27 4.00 4.00 0.00
and precisely
11. Avoiding errors in 3.94 4.38 0.44 3.75 4.50 0.75
spelling and punctuation
12. Avoiding usage errors 3.94 4.27 0.33 3.75 4.75 1.00

13. Consistently describing 3.66 4.11 0.44 3.50 4.25 0.75
data

*Denotes significant difference between groups at the p < .0 level.

Organization. Figure 5.4 shows students’ gain scores in the organiza-
tion component of the communication rubric. In both groups, students per-
formed better after instruction, but the HPL group significantly outgained
the traditional group on “coherence,” t(28) = 2.9, p < .01; “useful division,”
t(28) = 3.24, p < .01; and “overall organization,” t(28) = 2.0, p < .05.

Writing Quality. Figure 5.5 represents students’ gain scores in the writ-
ing quality component of the communication rubric. As seen previously, all
students gained due to instruction, but the HPL group gained significantly
more from instruction than their counterparts on four of the five items,
including “Usage and grammar,” t(28) = 2.2, p < .05; “Spelling and punctu-
ation,” t(28) = 2.3, p < .05; “Coherent voice,” t(28) = 2.6, p < .05; and
“Explains ideas concisely,” t(28) = 2.14, p < .05. Analysis of the final item,
“Writes easy-to-read sentences,” did not indicate significant differences but
demonstrated a trend toward an advantage for the HPL students.

Discussion

Findings—particularly students’ gain scores—revealed that an HPL frame-
work was effective for delivering instruction in written communication in a
laboratory-based engineering course without detracting from students’ mas-
tery of engineering content. Several reasons may explain this effectiveness.
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First, challenge-based instruction might have encouraged students to com-
municate their positions thoroughly in the lab reports. That situation could
explain why students in the HPL group scored higher in their initial lab
reports than did students in the traditional group. Moreover, in-class discus-
sions and the continuous instructor feedback might have helped students
become more conscious of the characteristics of a well-written paper. Stu-
dents could locate and remedy the source of difficulties in report writing.
Thus, the continuous feedback, Legacy cycle, and challenge-based design all
together apparently created a meaningful context for students to synthesize
the literature, make an argument, and draw meaningful conclusions in their
written communication.

One limitation of the study is that it does not rule out whether students
received writing instruction in another class. However, as Figure 5.1
showed, both groups responded similarly on their writing experiences; thus
if students received additional instruction about writing, the averages of the
additional instructions would be equal across groups. Another possible lim-
itation resides in the fact that two different instructors taught the two
groups. As is often the case in applied research, this potential confounding
factor was unavoidable. These differences might have influenced the out-
comes of interest in this study and blurred the effects of the pedagogical
intervention.

Regarding content performance, students did relatively well across
groups. This finding suggests that devoting time to communication instruc-
tion in the HPL group did not interfere with the HPL instructor’s ability to
cover domain knowledge (a common faculty concern) or with the students’
ability to focus on mastering the domain knowledge.

Conclusion

Engineering faculty often say that they do not have time to teach writing,
or that if they spend time teaching writing they will have to sacrifice domain
instruction (Hirsch and others, 2005). This study suggests otherwise; data
show that an HPL framework used to improve science and engineering
instruction can be exploited concurrently to teach written communication,
including higher-level writing skills such as argumentation and coherence.
Student perceptions support this idea. Students in the HPL section rated
their writing instruction as much more effective at the end of the course,
whereas students who wrote the same number of reports in the traditional
section noted a decrease in the effectiveness of their writing instruction.
Apparently, students in the traditional group did not see a benefit to writ-
ing seven reports, whereas the students in the HPL group did. Similarly, stu-
dents in the HPL group made greater gains in rating their own writing
abilities than did students in the traditional section. When the reports were
blind scored by an independent rater, scores suggested that students in the
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72 DEVELOPING STUDENT EXPERTISE AND COMMUNITY

HPL group made greater gains in the content, organization, and quality of
their writing.

The small numbers of students in the study preclude the appearance of
some statistically significant differences, but the data strongly suggest that
students’ abilities to write lab reports can be enhanced through a pedagogy
informed by the HPL framework. We conclude that the HPL framework is
effective in teaching other areas than technical concepts and skills. Future
research can investigate the effect of HPL-based instructions with larger
groups and in related core competency areas, such as oral presentation skills
and teamwork.

References

Babin, E., and Harrison, K. Contemporary Composition Studies: A Guide to Theorists and
Terms. Westport, Conn.: Greenwood Press, 1999.

Birol, G., Liu, S. Q., Smith H. D., and Hirsch, P. L. “Teaching Tissue Engineering: From
Classroom to Laboratory.” Paper presented at the AIChE’03 Annual Meeting, San
Francisco, Nov. 12-16, 2003.

Bransford, J. D., Brown, A. L., and Cocking, R. R. (eds.). How People Learn: Brain, Mind,
Experience, and School. Washington, D.C.: National Academy Press, 1999.

Cammack, D. W., and Holmes, T. J. “Extending the Potential of the Internet for Higher
Education: Two Research Projects at Vanderbilt University’s Learning Technology
Center.” International Journal of Educational Technology, 2002, 3(1). http://www.ed.
uiuc.edu/ijet/v3nl/cammack/. Accessed Aug. 8, 2005.

Campbell, D. T., and Stanley, J. C. Experimental and Quasi-Experimental Designs for
Research. Chicago: Rand McNally, 1966.

Greenberg, J. E., Smith, N. T., and Newman, J. H. “Instructional Module in Fourier Spec-
tral Analysis, Based on Principles of ‘How People Learn.”” Journal of Engineering Edu-
cation, 2003, 92, 155-165.

Hirsch, P., McKenna, A., Shwom, B., and Anderson, J. “Teaching Teamwork Using
Online Tools and Pedagogical Best Practices.” Paper presented at the international
meeting of the Association for Business Communication, Boston, Oct. 28, 2004.

Hirsch, P., and others. “Establishing School-Wide Standards for Engineering Writing: A
Data-Driven Approach.” Paper presented at the annual conference and exposition of
the American Society of Engineering Education, Portland, Oregon, June 12-16, 2005.

Pandy, M. G., Petrosino, A. J., Austin, B. A., and Barr, R. E. “Assessing Adaptive Exper-
tise in Undergraduate Biomechanics.” Journal of Engineering Education, 2004, 93(3),
1-12.

Poe, M., and Freeman, D. M. “Integrating Technical Writing into a Large Lecture
Course.” Paper presented at the annual conference and exposition of the American
Society of Engineering Education, Salt Lake City, Utah, June 20-23, 2004.

Schwartz, D. L., Lin, X., Brophy, S., and Bransford, J. D. “Toward the Development of
Flexibly Adaptive Instructional Designs.” In C. M. Reigeluth (ed.), Instructional Desigh
Theories and Models. Hillsdale, N.J.: Erlbaum, 1999.

Shuman, L. J., Besterfield-Sacre, M., and McGourty, J. “The ABET ‘Professional Skills—
Can They Be Taught? Can They Be Assessed?” Journal of Engineering Education, 2005,
94(1), 41-55.

Troy, J., Hirsch, P., Smith, H. D., and Yalvac, B. “Team-Based Written Communication
Exercises for Biomedical Engineering Juniors: Where to Do It and What Works.”
Paper presented at the annual conference and exposition of the American Society of
Engineering Education, Salt Lake City, Utah, June 20-23, 2004.

NEW DIRECTIONS FOR TEACHING AND LEARNING ¢ DOI: 10.1002/t1



TEACHING WRITING IN A LABORATORY-BASED ENGINEERING COURSE 73

Williams, S. M., Nix, D., and Fairweather, P. “Using Speech Recognition Technology to
Enhance Literacy Instruction for Emerging Readers.” In B. Fishman and S. O’Connor-
Divelbiss (eds.), Fourth International Conference of the Learning Sciences. Hillsdale, N J.:
Erlbaum, 2000.

BUGRAHAN YALVAC is a postdoctoral fellow in the VaNTH Engineering Research
Center in Bioengineering Educational Technologies, Northwestern University.

H. DAVID SMITH is a Senior Lecturer in Psychology at Northwestern University.

PENNY L. HIRSCH is the Associate Director of the Writing Program at Northwest-
ern University and a communication faculty specialist in the VaNTH Engineer-
ing Research Center.

GULNOR BIROL was a research assistant professor in the VaNTH Engineering
Research Center in Bioengineering Educational Technologies, Northwestern Uni-
versity. She is currently affiliated with University of British Columbia.

NEW DIRECTIONS FOR TEACHING AND LEARNING ¢ DOI: 10.1002/tl





