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ABSTRACT: A scaffold was created for the explicit instruction of
laboratory report writing. The scaffold breaks the laboratory report
into sections and teaches students to ask and answer questions in
order to generate section-appropriate content and language.
Implementation of the scaffold is done through a series of section-
specific worksheets that are introduced during the semester.
Implementation is supported by one-on-one feedback on all student
writing. The integration of scaffolding and personal feedback has led to
improved student writing.
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The laboratory report is such an iconic part of under-
graduate education that we rarely contemplate its

curricular function. When we do, we see that the laboratory
report can be a tool to teach critical thinking and to promote
inquiry, conceptual understanding, and knowledge acquisi-
tion.1−4 The laboratory report can also aid students in
developing writing skills that are valued in the workplace.5

Helping students realize the educational benefits of
laboratory report writing requires overcoming pedagogical
challenges. Writing a clear, concise, and well-organized
laboratory report is the product of thoughtful interpretation
of the laboratory experience and careful construction of a
document describing that interpretation. Interpretation and
writing are higher-order thinking processes requiring students
to learn skills and cognitive strategies, as opposed to facts and
algorithms. In addition to the challenges inherent in teaching
writing and experiential interpretation, there are many external
challenges such as large class sizes, time pressure in laboratory,
and students’ resistance to work on writing in classes outside of
the humanities, or to write formal reports for the small-scope
experiments typical of first-year laboratories. Also, chemistry
students, particularly first-year chemistry students, arrive with a
broad range of linguistic backgrounds, writing experiences, and
competencies. A single chemistry lecture class may be divided
into a number of laboratory classes taught by different
professors or graduate students. Thus, teaching students to
write quality laboratory reports requires devising a method to
teach complex skills in a relatively short amount of time to a
heterogeneous population. Ideally, the method would be readily
transferable from instructor to instructor.

Several approaches to teaching laboratory report writing have
been described previously. One common feature of many of the
approaches is explicit clarification of the structure and sections
of the laboratory report. This can take the form of handouts,
rubrics, checklists, or concrete prompts for the various
sections.2,3,6,7 Many instructors use the form of an academic
journal as the template on which the laboratory report sections
are based.2,6 In one case, the form of the report is modified so
that it may better serve as a “heuristic” for inquiry-based
laboratory activities.1 Irrespective of the exact form of the
report, explicit clarification of the content of the laboratory
report emphasizes that each section serves a function with
defined communicative goals. This helps students make the
transition from the desultory reporting style typical of
beginning writers to a more goal-oriented and organized
writing style.8 Once the format of the report has been defined,
some concrete strategies for helping students achieve a well-
structured document include piecemeal introduction of writing
tasks and frequent feedback from peers, teaching assistants, and
instructors.6,9 In one case, an online self-help Web site enabled
students to check themselves as they write and progress.7

The approach we describe in this paper utilizes many of the
strategies described above (explicit definition of report form,
gradual introduction of writing tasks, frequent feedback, online
resources) but differs in that the cornerstone of our method is a
scaffold. The scaffold explicitly teaches students to associate key
questions with particular sections of the laboratory report.
These questions are designed so that they align with the
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communicative goals of the laboratory report sections. Students
learn to ask and answer these questions for themselves as an
organizational tool to prepare for writing the laboratory report.
Because students ask and answer questions for themselves and
not as a graded assignment, we refer to the scaffold method as
“directed self-inquiry”. The scaffold helps students produce a
well-organized laboratory report and also teaches students
cognitive strategies of self-inquiry and prewriting organization.

■ STRUCTURE OF THE COURSE AND INTEGRATION
OF THE SCAFFOLD

The directed self-inquiry scaffold was designed and imple-
mented for General Chemistry II, the second semester of our
introductory chemistry sequence. The laboratory is a one-credit
component of the course and meets for three hours every week
during the semester (15 weeks in total). A different experiment
is performed nearly every week. Prior to entering General
Chemistry II, students have taken one semester of chemistry
laboratory (General Chemistry I laboratory), but they have not
had any experience writing formal laboratory reports. The
laboratory report format for General Chemistry I laboratory is a
short-answer worksheet whereas the laboratory report format
for General Chemistry II laboratory is a prose document whose
sections are the same as those found in a typical chemistry
research journal. These sections are title, abstract, introduction,
experimental, results, discussion, conclusions, and references.
During the first laboratory class meeting of General

Chemistry II, the instructor and students discuss the idea of
switching from worksheet style reports to prose laboratory
reports. In this discussion, the instructor stresses the
importance of acquiring transferable writing skills and of
constructing meaning from experience. The sections of the
laboratory report are introduced, as is the idea of goal-oriented
writing. Students receive handouts of model reports and of the
grading rubric. Students are also informed that they will work
up to the full report by practicing a few sections at a time
(Table 1). Because students do not perform an experiment on

the first day of class, they are not assigned any writing for the
second class. However, the discussion held on the first day of
class is critical for preparing students for the writing intensive
experience to come.
Students perform their first laboratory experiment during the

second class meeting. During a brief prelaboratory lecture,
students are informed that the sections they are expected to
write for their first laboratory report are the title, abstract, and
results. They are then introduced to the scaffold for the abstract
section (Figure 1). The scaffold consists of three questions that
students ask and answer for themselves prior to writing.
Students are taught how to transform the answers to those
questions into the abstract by changing the prose to more

formal language and stringing the answers together into a
paragraph. Whenever practical, the scaffolds for the other
sections of the laboratory report rely on a similar guided self-
inquiry process (introduction, experimental, discussion, and
conclusion section questions are provided in online Supporting
Information documents; results section is omitted because our
current scaffold for the results section has not yet incorporated
the directed self-inquiry methodology). As the semester
continues, the prelaboratory lecture follows the pattern
described above. During the lecture students are informed of
the sections required for the coming week’s laboratory report
and are taught the directed self-inquiry scaffold that they may
use to approach the new sections.
The scaffold is introduced section by section, and students

receive the scaffold for a section immediately prior to the first
time they are required to write that section (Table 1). The only
exception is the results section. Although the results section is
required with the first report, the introduction of this scaffold is
delayed until the students master the abstract section. Before
students receive scaffolded instruction for their results section,
they are expected to present results in graphs and tables, but
receive lenient grades for nonstandard formatting or errors in
presentation. As seen in Table 1, students practice a given
section for two or three weeks before going on to the next one.
This allows students to write a section, receive feedback on
their writing, and then attempt to write the section again using
a different week’s experiment.

Table 1. Timing of Writing Assignments during the
Laboratory Course

Lab Sections Assigned for Lab Report

1 None
2,3 Title, abstract, results
4−6 Title, abstract, introduction, results
7,8 Title, abstract, experimental, results
9,10 Title, abstract, results, discussion
11 Title, abstract, results, conclusion, references
12−15 Full report (including conclusion)

Figure 1. Worksheet showing how to use self-inquiry to write an
abstract for general chemistry.
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■ PRACTICAL STRATEGIES FOR SUPPORTING THE
IMPLEMENTATION OF THE SCAFFOLD

Although the directed self-inquiry scaffold is the central feature
of this method of teaching laboratory report writing, there are
surrounding strategies that increase the utility of the scaffold.
The first strategy is personal, timely, and directly utilizable
feedback. Students receive their graded reports within one week
of submitting them to the instructor. The instructor writes
comments on the reports and holds a one-on-one miniconfer-
ence (∼3 min) with each student when returning the report.
This miniconference is informal and integrated into the
laboratory instructor’s normal activity of circulating around
the laboratory assisting students. During the conference, the
instructor conveys one concrete thing the student is doing well
and should continue to do, one concrete action the student can
take to improve the report, and one general comment that
acknowledges the student’s progress and encourages continued
development. Anecdotally, the miniconference seems to be
more effective than the written comments in helping students
improve. However, the effect of the miniconference versus
written feedback has not yet been rigorously studied and merits
further investigation. Irrespective of the mechanism of delivery,
detailed feedback conveys the message that the instructor reads
and pays attention to each student’s writing. Because students
focus on a limited number of sections per report, the weekly
workload associated with grading is less than would be expected
in grading full laboratory reports.
Another strategy that increases the utility of the scaffold is

construction of a Web site that contains the scaffold handouts
used in class and additional self-help modules. The most
successful of these modules is a pdf form of the abstract scaffold
that contains a text delimited box in which students type their
abstract. By creating a natural limit to how much students can
write, this online tool emphasizes the expectation of concise
writing.

■ RESULTS AND DISCUSSION OF THE
IMPLEMENTATION

The self-inquiry scaffold was used to teach laboratory report
writing for three sections of General Chemistry II laboratory
during the course of an academic year (two sections in the fall
and one in the spring). Each section began with 24 students.
The sections ended with 12, 17, and 19 students. By the end of
the semester, students had worked through the entire scaffold
and were producing complete (eight section) laboratory
reports. The final complete laboratory reports were collected
from each student and graded independently by two chemistry
instructors using an agreed upon rubric (online Supporting
Information documents). The rubric categorized seven sections
(all report sections except title) and two aspects (style and
structure) of the students’ reports as beginning (1), developing
(2), accomplished (3), or exemplary (4). Based on this rubric,
an ideal report would receive a total of 36 points and the
weakest report would receive a total of nine points. The root-
mean-square deviation between the grades assigned by the two
different instructors was 1.56. The distribution of student
scores on the final laboratory report is shown in Figure 2.
Significantly, 60% of the students received a grade between 19
and 27, corresponding to a laboratory report in the range of a
developing to accomplished writer. Approximately 23% of the
students remained in the realm of beginning laboratory report
writing, and approximately 17% achieved exemplary reports. All

grades above 19 correspond to a passing college-level
laboratory report.
A comparison of the quality of reports achieved before and

after implementation of the directed-self-inquiry scaffold was
provided by comparing the grades on the abstract section of the
report from the semester before implementation to the grades
achieved in the semesters after implementation. The average
abstract grade before implementation was 1.7, and the average
after implementation was 2.5. A Welch’s t test with
Satterthwaite degrees of freedom showed the difference
between these values to be statistically significant (t = 2.67,
df = 17.063, p < 0.05). The same instructor taught all of the
compared sections, so it is not expected that the difference can
be attributed solely to an instructor effect. However, it is not
possible to separate what part of the improvement can be
attributed to directed self-inquiry (and its accompanying
strategies) and what part can simply be attributed to increased
class time spent on writing or to other unaccounted for
variations. These questions will be studied in future work.
In addition to the above quantitative data suggesting the

utility of the directed self-inquiry method, several anecdotal
observations merit comment. First, after introducing the
directed self-inquiry scaffold, fewer structural errors were
observed. Before implementing the scaffold, many students
did not grasp the function of each section of the report and
information was often placed in inappropriate sections (i.e.,
experimental method information placed in the abstract or
introduction sections). Utilizing the directed self-inquiry
scaffold decreased the prevalence of such errors. A second
qualitative shift observed after implementing the scaffold was a
decrease in the number of students who handed in reports that
were far longer than necessary (a ten page report for a two hour
experiment) or far shorter than necessary (a ten sentence
report for a two hour experiment). By implementing the
directed self-inquiry scaffold, the communicative goals of each
section seemed clearer to the students as evidenced by the fact
that many students included the necessary information and
only the necessary information. The final qualitative shift
noticed upon implementing the directed self-inquiry scaffold
was a decrease in student frustration. Before implementing the
scaffold, many students would express frustration because they
were unclear as to how to meet the requirements of the
laboratory report. They did not understand what was being
asked of them. After implementation of the scaffold, both the

Figure 2. Score for the final laboratory report written in General
Chemistry II after working with the directed self-inquiry scaffold for
one semester (n = 48 students): 9−18, beginning to developing; 19−
27, developing to accomplished; and 28−36, accomplished to
exemplary.
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requirements of the laboratory report and the method for
meeting the requirements were clearer.

■ CONCLUSIONS AND FUTURE STEPS
Many incoming first-year chemistry students have not yet
developed the necessary writing skills to compose a laboratory
report. A scaffold was created and introduced to help students
achieve the necessary skills. Initial results of the directed self-
inquiry scaffolding methodology are encouraging. Almost 80%
of General Chemistry II students who completed the course
showed the ability to write a passing college-level laboratory
report. Even students who were not yet at the accomplished
level showed awareness of the laboratory report structure and
the communicative goals.
We believe that we can teach more students to write

excellent reports by integrating directed self-inquiry vertically
throughout our chemistry laboratory curriculum. If students
begin with the scaffold and report structure in the first semester
of general chemistry and continue to use it through organic and
analytical chemistry, they will have more opportunities to
practice, receive feedback, and internalize the cognitive
strategies contained in the scaffold. We also believe that it
will be beneficial to integrate the laboratory report scaffold
horizontally into other science courses such as biology and
physics. We hope that repeated exposure to scaffolded science
writing tasks in various disciplines will provide students with
additional practice and reinforcement of the cognitive strategies
underlying directed self-inquiry. Results of attempts to integrate
directed self-inquiry across instructors, courses, and disciplines
will be an excellent test of the utility of the method.

■ ASSOCIATED CONTENT
*S Supporting Information

Directed self-inquiry questions for sections other than the
abstract; full grading rubric for General Chemistry II laboratory
reports. This material is available via the Internet at http://
pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author

*E-mail: dsamaroo@citytech.cuny.edu.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
D.N. thanks the Writing Across the Curriculum (WAC)
initiative at NYC College of Technology and Graduate Center
of City University of New York for financial support. L.J.D.,
D.S., and D.N. thank Tammie Cummings at the NYC College
of Technology’s Assessment and Institutional Research office
for assistance with the test for statistical significance.

■ REFERENCES
(1) Greenbowe, T. J.; Poock, J. R.; Burke, K. A.; Hand, B. M. J. Chem.
Educ. 2007, 84, 1371.
(2) Tilstra, L. J. Chem. Educ. 2001, 78, 762.
(3) Chamely-Wilk, D.; Kasdorf, K.; Galin, J.; Haky, J. Combining
Chemistry and College Writing: A New Model for an Honors
Undergraduate Chemistry Course. Honors in PracticeOnline Archive
2009, Paper 99. http://digitalcommons.unl.edu/nchchip/99 (accessed
Sep 2012).
(4) Hand, B.; Prain, V. Sci. Educ. 2002, 86, 737.

(5) Graham, S.; Perin, D. J. Educ. Psychol. 2007, 99, 445.
(6) Whelan, R. J.; Zare, R. N. J. Chem. Educ. 2003, 80, 904.
(7) LabWrite for Students. http://labwrite.ncsu.edu/ (accessed Sep
2012).
(8) Galbraith, D.; Rijlaarsdam, G. Learn. Instr. 1999, 9, 93.
(9) Berry, D. E.; Fawkes, K. L. J. Chem. Educ. 2009, 87, 57.

Journal of Chemical Education Article

dx.doi.org/10.1021/ed300169g | J. Chem. Educ. 2012, 89, 1511−15141514

http://pubs.acs.org
http://pubs.acs.org
mailto:dsamaroo@citytech.cuny.edu
http://digitalcommons.unl.edu/nchchip/99
http://labwrite.ncsu.edu/

