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Abstract: Computer-supported peer review systems can support reviewers and authors in many
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authors in that they are less redundant.
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1. Computer-supported peer review

It is useful to offer formative feedback and assessment to students who are working on
open-ended problems (Rittel & Webber, 1973; Voss & Post, 1988), such as problems
that involve conflicting objectives or reasonable alternative solutions. Courses in which
open-ended problems are addressed make natural candidates for Writing in the
Disciplines / Writing Across the Curriculum instructional programs (Bazerman et al.,
2005). These courses target both content knowledge and writing skills.

Assessment of such student works is not straightforward. First, the works often
involve free-form text because they require arguments and justifications for one solution
over others. Second, because students may frame the open-ended problems according
to their knowledge, beliefs and attitudes, it is difficult to create a gold standard and
evaluate student works against such a standard. Third, assessment of writing is very
demanding of instructor time.

One technique that may enable formative assessment of student essays that address
open-ended problems is computer-supported peer review. Using student reviewers
allows assessment of free-form essays, including essays that may vary in how they
frame an open-ended problem. Thanks to computer automation of administrative
aspects of peer review, the burden on the instructor can be decreased. Peer review has
been shown to provide accurate summative assessment of student work (Draaijer & van
Boxel, 2006). Under the right circumstances, feedback can have a positive impact on
learning outcomes with effect sizes as high as 1.10 (Hattie & Timperley, 2007), and
peer feedback can be similarly effective to instructor feedback (Rijlaarsdam, 1987).

A peer review process depends on the rubric that students use to assess each other’s
work and to give feedback to each other. Given the variety of possible rubrics, and
given that rubrics influence the experience of both reviewers and authors, it is
important to determine whether some rubrics are more valuable than others. However,
despite decades of research on writing assessment and recent activity in peer review
scholarship (Goldin, Brusilovsky, Schunn, Ashley, & Hsiao, 2010; e.g., Strijbos &
Sluijsmans, 2010), it is still unclear how a rubric should be structured to produce
feedback that is valid, reliable, differentiated and helpful. This paper is an early look
into how rubrics can be structured and the impact of alternative structures. The paper
proposes some new conceptual tools for thinking about rubrics, and develops two new
rubrics for legal writing on the basis of these concepts. It then evaluates the new rubrics
in a real-world peer review exercise.

1.1 Assessment of writing

Assessment may be used for summative or formative purposes, the latter being the focus
of this research. Formative assessment may be defined on the basis of two key
components: a student’s work needs to be evaluated with respect to criteria, and this
evaluation must be made useful to the student either directly or indirectly (e.g., via an
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instructor). As summarized by Cizek (2010), the theory of formative assessment was
originally developed by Scriven in the context of program evaluation, and Bloom and
colleagues applied it in the context of student learning and distinguished it from
summative assessment (Bloom, Hastings, & Madaus, 1971; Scriven, 1966). More
recently, as Cizek (2010) reports, formative assessment has been described as “a tool
for helping to guide student learning as well as to provide information that teachers can
use to improve their own instructional practice”(Shepard, 2006). This view of formative
assessment is more expansive than an alternative definition according to which only
feedback that leads to an improvement in learning outcomes may be termed formative
(Shute, 2008). By contrast, summative assessment involves grading or ranking a
student’s level of achievement. Formative assessments give feedback to help students
learn, not (just) to grade or rank them.

According to assessment theory, an instructor wishing to assess student work must
often make “qualitative judgments”, characterized as follows:

1) Multiple criteria are used in appraising the quality of performances. 2) At
least some of the criteria used in appraisal are fuzzy ... A fuzzy criterion is an
abstract mental construct denoted by a linguistic term which has no absolute
and unambiguous meaning independent of its context. 3) Of the large pool of
potential criteria that could legitimately be brought to bear for a class of
assessments, only a relatively small subset are typically used at any one time. 4)
In assessing the quality of a student’s response, there is often no independent
method of confirming, at the time when a judgment is made, whether the
[judgment] is correct. 5) If numbers (or marks, or scores) are used, they are
assigned after the judgment has been made, not the reverse. ...

It is also useful to make a distinction among end products according to the
degree of design expected. (...) [In fields such as writing] design itself is an
integral component of the learning task.... Wherever the design aspect is
present, qualitative judgments are necessary and quite divergent student
responses could, in principle and without compromise, be judged to be of
equivalent quality (Sadler, 1989, pp. 124-126).

In other words, the assessment of writing is in itself an open-ended problem, which is
separate from the open-ended problem that the student is analyzing.

Instructors may assess written works for many reasons, e.g., to measure students’
analytical skills, knowledge, and understanding (Stiggins, 2005), which are especially
relevant to writing in the content disciplines. For formative peer assessment of writing,
relevant techniques include holistic scoring, primary trait scoring, and analytic scoring
(O’Neill, Moore, & Huot, 2009). The scholarship on these techniques is vast, and
sometimes uses conflicting language; cf. the definitions of holistic scoring according to
Cooper (1977) and Wolcott & Legg (1998). The following brief summary does not aim
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to be a definitive statement and merely describes how these terms are used in this
document.

Holistic scoring evaluates an entire essay at once; its motivation is that an essay is
more than the sum of its “atomistic” (Lloyd-Jones, 1977) parts. According to O’Neill et
al. (2009), its roots were at the Educational Testing Service (Godshalk, Swineford, &
Coffman, 1966), which needed to develop a methodology for rapid, reliable,
summative assessment of writing samples. Although a rater may choose to provide
formative feedback after arriving at a holistic impression, the scoring does not facilitate
this directly. In practice, holistic scoring is used normatively, i.e., to rank a written work
relative to other works, rather than to evaluate the work against some fixed standard
irregardless of the quality of other works.

Primary trait scoring, a counter-point to holistic scoring (Lloyd-Jones, 1977),
proposes that different rhetorical modes—“explanatory, persuasive, and expressive” —
deserve distinct approaches to scoring. Given a mode and a writing assignment, an
assessment administrator ought to create a scoring guide that is focused on some
particular primary trait, e.g., “imaginative expression of feeling through inventive
elaboration of a point of view” (Lloyd-Jones, 1977). The assessment of the essay is to be
based solely on the primary trait, and not other elements of writing (Wolcott & Legg,
1998). Primary trait scoring is problem-specific: “A wide open subject, such as that
allowed in conventional holistic scoring, permits each writer to find a personally
satisfying way to respond, but in Primary Trait Scoring a stimulus must generate writing
which is situation-bound” (Lloyd-Jones, 1977). Because of the focus on a single trait
and on one assignment, primary trait scoring can be used to provide detailed formative
feedback to students.

The analytic scoring method rejects the “essay as a whole” holistic approach as not
providing sufficiently justified judgments of writing quality, and aims to evaluate
written works based on multiple well-articulated elements of writing. Where holistic
scoring provides a single score that sums up all the qualities of an essay, analytic
scoring provides one score for each element of interest. An early factor analysis of the
comments of independent readers of a 300 essay corpus determined the following
elements: ideas, form, flavor, mechanics, and wording (Diederich, French, & Carlton,
1961). As Wolcott & Legg (1998) point out, although large-scale standardized
assessments require consistency in scoring across essays, in classroom use, instructors
may adapt the scoring guide to the assignment at hand and supplement the score for
each element with individualized feedback.

Assessment instruments are traditionally evaluated in terms of validity, which
examines whether the instrument really measures what it is purported to measure, and
reliability, which looks at whether the instrument produces a consistent result, e.g.,
when used by different assessors or on different occasions. The relative importance of
validity and reliability to educators has not remained constant over time (Huot, 1990;
O'Neill et al., 2009; Yancey, 1999), due in part to the inherent tension between these
concepts: “The greater the reliability of an assessment procedure, the less interesting a
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description it provides of writing” (Williamson, 1994). Or, more bluntly: “The concepts
of theoretical interest (in psychology and education) tend to lack empirical meaning,
whereas the corresponding concepts with precise empirical meaning often lack
theoretical importance” (Torgerson, Theory, & Methods, 1958), cited in (Williamson,
1994).'

For example, an oft-cited modern analytic scoring rubric distinguishes among Six
Traits of writing: ideas/content, organization, voice, word choice, sentence fluency, and
conventions (Spandel & Stiggins, 1996). One evaluation of the Six Trait rubric found
that it has high inter-trait (inter-dimension) correlation, which suggests that its
dimensions are not measuring distinct aspects of writing, and that it suffers from low
test-retest reliability (Gansle, VanDerHeyden, Noell, Resetar, & Williams, 2006). That
study also found that an alternative, Curriculum-Based Measures, has less inter-
dimension correlation and higher reliability. Curriculum-Based Measures assesses
writing aspects such as the number of correctly spelled words, and the number of
correctly capitalized words (Jewell & Malecki, 2005), but such measures seem likely to
show a ceiling effect at advanced levels of writing, such as one would expect from
college students. Further, it is unclear that an instructor could act on the information
provided by Curriculum-Based Measures, or that Curriculum-Based Measures could
shed light on the quality of a student’s solution of an open-ended problem.

As Deane & Quinlan (2010) note, multiple studies have found that distinct traits of
essay quality are highly correlated (Lee, Gentile, & Kantor, 2008; McNamara, 1990),
and such inter-trait correlation may motivate the use of holistic scoring over analytic
scoring.

To put these analytic and holistic rubrics in context, consider essay assessments that
are typical of American law school examinations. These are usually fictional but
plausible fact situations, carefully designed by the instructor to raise various legal issues
that need to be analyzed in terms of strengths and weaknesses for the parties to the
case. Such essay assessments approximate assessment of authentic performance in that
practicing lawyers do need to explain what legal issues arise in a novel legal situation,
to connect the issues to the facts of the case, and to make arguments and
counterarguments in light of relevant legal principles, doctrines and precedents. Each
legal claim involves different legal interests and requirements and presents a somewhat
different framework for viewing the problem. Each claim is defined in terms of
elements; if the student finds a basis for each element in the problems facts, the legal
claim arguably applies and would support a party’s demand in a lawsuit for
compensation or other relief. The assertions that elements are satisfied are often
equivocal, requiring students to consider arguments and counterarguments. In addition,
various defenses may apply in which case the claim would fail even though the
elements were satisfied.

In general law school courses, those that focus on teaching a particular area of law,
such essay assessments focusing on fictional scenarios are used instead of performance
assessments (Stiggins, 2005). Since such courses are often quite large, performance
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assessment is usually limited to clinical courses involving small numbers of students in
representing actual clients under the close supervision of instructors. Fictional scenarios
are preferred because real-world cases may not present a pedagogically ideal collection
of legal issues and factual circumstances. Students are encouraged, however, to cite
relevant real-world cases from the course casebook to support their analyses.

It is not clear that traditional writing-oriented rubrics can adequately assess such
law school essays. Some aspects of writing assessment (e.g., whether the essay
expresses the writer’s individual voice) are, at best, irrelevant. Aspects of writing
assessment that do seem relevant are those that deal with clarity and rigor of
argumentation, but a focus on argumentation in general may miss nuances of legal
argumentation.

Thus, despite a variety of theoretical and practical approaches to writing
assessment, open questions remain. In particular, it is unclear how assessment
techniques such as those above may transfer from writing courses to more domain- or
discipline-specific contexts as in Writing Across the Curriculum. As will be seen below,
the study reported here is rooted in a novel classification of assessment rubrics in terms
of generality (applying to a specific problem vs. application to writing in the domain)
and orientation (oriented toward concepts vs. toward process). This classification
explains some aspects of rubric design for writing courses in the disciplines.

1.2 Student-involved Assessment

Possible sources of assessment include not only the instructor, but also the students
themselves. Student-involved assessment for learning may include peer assessment and
self-assessment, and both can be administered for summative or formative reasons.
Students and instructors may hold different views of peer assessment. One cause of this
may be that “the instructor has access to grades for all papers, whereas the students
only see grades on their own papers (and perhaps one or two more by social
comparisons with friends)” (Kwangsu Cho, Schunn, & Wilson, 2006).

More broadly, students may not share the instructor’s expectation that the purpose
of assessment is formative. The different impacts of summative and formative
assessment on students are vividly illustrated by two recent studies. In an experiment in
which students engaged in formative self-assessment, researchers report that the
students “had positive attitudes toward self-assessment after extended practice; felt they
can effectively self-assess when they know their teachers expectations; claimed to use
self-assessment to check their work and guide revision; and believed the benefits of
self-assessment include improvements in grades, quality of work, motivation and
learning” (H. Andrade & Du, 2007). By contrast, in another study where students
engaged in summative self-assessment and peer assessment, they “felt it impossible to
be objective when considering their own work. In peer-assessment, the students found
it difficult to be critical when assessing the essay of a peer. The students found it easier
to assess technical aspects of the essays when compared to aspects related to content”
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(Lindblom-Yldnne, Pihlajamaki, & Kotkas, 2006). Students tend to be skeptical of
summative peer assessment even if it is accurate (Draaijer & van Boxel, 2006).

These findings are consistent with empirical research on feedback. As Shute (2008)
summarizes, “features of feedback that tend to impede learning include: providing
grades or overall scores indicating the students standing relative to peers, and coupling
such normative feedback with low levels of specificity (i.e., vagueness).”

These findings are also consistent with the theory of formative assessment. Students
need to understand what performance they should aim for, their level of current
performance, and how to improve their performance (Hattie & Timperley, 2007;
D.Royce Sadler, 1983). Criteria-referenced peer assessment is one way that students
may receive information on all three of these elements.

Peer assessment may also help students develop meta-cognitive skills, such as self-
monitoring: “The most readily available material for students to work on for evaluative
and remedial experience is that of fellow students. ... [Peer review is important
because] it is clear that to build explicit provision for evaluative experience into an
instructional system enables learners to develop self-assessment skills and gap-closing
strategies simultaneously, and therefore to move towards self-monitoring” (D.R. Sadler,
1989). Improvement of self-monitoring skills through per review correlates with
improvement in writing quality of second drafts (Kwangsu Cho, Cho, & Hacker, 2010).

In writing in particular, theories of writing and revision (Alamargot & Chanquoy,
2001) note that authors need to be able to understand the quality of their works in
progress and how to improve them. For instance, as motivation for a theory of revision,
Hayes, Flower, Schriver, Stratman, & Carey (1987) note that “writers have difficulty
detecting faults in their own text”, and that “finding and fixing problems appear to be
separate skills”. The 1996 Hayes model of writing considers that the task environment
has a social component that involves the audience and collaborators (Hayes, 1996). At
the same time, expert-novice studies show that novice writers perform poorly at
detecting and diagnosing composition defects, which suggests that peer feedback on
composition may similarly fail to detect and diagnose defects (Hayes et al., 1987).
Formative peer feedback is as effective as instructor feedback in terms of (1) post-
feedback scores on writing achievement variables, (2) levels of writing apprehension,
(3) quantity of planning activities such as self-instruction and generation of ideas, (4)
quantity of interruptions of the writing process by a choice process, and (5) quantity of
evaluation and revision in the revision process (Rijlaarsdam, 1987).

Instructors both generate and make use of assessment judgments. “Broadly
speaking, feedback provides for two main audiences, the teacher and the student.
Teachers use feedback to make programmatic decisions with respect to readiness,
diagnosis and remediation. Students use it to monitor the strengths and weaknesses of
their performances, so that aspects associated with success or high quality can be
recognized and reinforced, and unsatisfactory aspects modified or improved” (D.R.
Sadler, 1989). Instructors need to make decisions that affect individual assessees (e.g.,
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whether to recommend additional exercises) as well as groups of students (e.g., whether
to re-teach subject matter that is challenging to some students).

Thus, while students may be invited to engage in summative peer assessment, they
may mistrust it, and it will not help them develop self-monitoring ability. On the
contrary, formative peer assessment is motivated theoretically and empirically.

1.3 Computer-supported Peer Review in Education

Since the early days of computer-supported peer review in education (Neuwirth,
Chandhok, Charney, Wojahn, & Kim, 1994; Patterson, 1996; Scardamalia & Bereiter,
1994; Zeller, 2000), the research on peer review systems, their use cases, their
interfaces, and implications for the learning sciences has increased dramatically
(Goldin, Ashley, & Schunn, 2012). Peer review is used in instruction in many and
perhaps all academic disciplines, with especially significant research communities in
writing, computer science, nursing, and second language education. Whether or not it
is aimed at convergence with instructor assessment, or as an independent perspective
that may be valid and informative on its own, peer review can facilitate opportunities
for formative feedback beyond what instructors alone can provide. For example, it can
enable instructors to assign exercises in which students work on multiple drafts of
analyzing and writing about an open-ended problem. When student authors receive
feedback from peer reviewers, they practice skills such as seeing their own work from
other perspectives, revising with the reader in mind, responding to criticism, and
integrating information from multiple sources. In addition, the task of reviewing others’
work lets students practice cognitive skills including evaluation and critiquing, as well
as social skills such as framing their feedback so that it is useful to the author.

Issues of validity and reliability are central to peer review insofar as peer review is
an assessment technique. However, these issues take on different forms in different peer
review settings; we cannot determine once and for all whether or not peer review valid
or reliable. For example, peer review may demonstrate a “convergence of different
raters on a ’single truth”’, or it may “uncover the presence of multiple perspectives
about the performance being assessed, which do not necessarily have to agree” (Miller,
2003). An instructor’s view of the validity of an exercise may differ from an individual
student’s view, because an instructor evaluates validity based on how well peer
assessment converges to the instructor’s own aggregating across all student works, but
an individual student author evaluates validity based on whether the peer ratings that
only he or she receives happen to deviate from the instructor’s grade (Kwangsu Cho et
al., 2006). One alternative to holding instructor assessment as the standard is to define
validity as convergence of peer assessment to self-assessment (Miller, 2003). Reliability
of peer assessment is most easily addressed by inviting multiple peer assessors, e.g.,
because the aggregated summative assessment of several reviewers is more reliable
than a single reviewer’s assessment (Kwangsu Cho & Schunn, 2007).

Elicitation of assessment is guided by the user interface that mediates the
relationship between assessor and the object being assessed, i.e., the peer reviewer and
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the work of the peer author. Even a completely free-form assessment interface
accompanied by an instruction to “tell the author what you think” mediates the
relationship; in this example, the interface leaves it to the reviewers to choose and
define their own assessment criteria. Criteria are abstract ideals to which students
(ought to) aspire, and against which one hopes to assess student performance’. A rubric
(H. G. Andrade, 2000) is an operational definition of the criteria of interest. Each of a
rubric’s dimensions defines a single criterion, and each dimension spans a range of
performance levels, e.g., from poor to proficient.

One aspect of peer review that has become standard is to elicit peer assessments by
the use of prompts. In psychological research, prompts have been used to elicit specific
kinds of information and to stimulate particular cognitive or metacognitive activity. For
example, prompts have been used to elicit self-explanations (Chi, de Leeuw, Chiu, &
LaVancher, 1994), to encourage monitoring and reflection in individual writing
(Hibner, Nuckles, & Renkl, 2006) and in online conversation (Baker & Lund, 1997), to
develop arguments (Bereiter & Scardamalia, 1987), and to stimulate explanation and
elaboration between peers (King, 1997). Prompts fit well with rubrics, because they
allow collection of feedback in many forms, including numeric ratings and written
comments. For example, ratings on a grounded scale can indicate the current
performance levels. However, ratings are likely to function normatively, and normative
feedback that is unexplained and unelaborated may impede learning (Shute, 2008).
Rubrics may contain checklists of typical errors (Sanders & Thomas, 2007), but such
rubrics may not fit with assessment of open-ended problems. Thus, prompts that request
ratings should also request explanatory comments (Wooley, Was, Schunn, & Dalton,
2008). In addition to explaining a rating, comments can suggest ways for the assessee to
improve performance. The resulting peer feedback should allow students to monitor
and self-regulate their writing (Hacker, Keener, & Kircher, 2009).

1.4 New Concepts for Rubrics

Rubrics may be used within peer review to support assessment, but few studies
examine rubrics per se. As the literature review in a recent dissertation notes, “while
there seems to be a general consensus that rubrics are important and that they improve
the peer review activity, there is not as much agreement on how they should be
implemented” (Turner, 2009). The choice of rubric influences the experience of both
reviewers and authors. It is desirable to define a rubric that stimulates reviewers to
produce formative feedback and accurate assessment, and that reflects the true range of
performance in student work, and to avoid a rubric in which some dimensions are
redundant or uninformative. More subtly, presenting a rubric to the students is a
teaching act in itself, because it communicates what assessment criteria the instructor
considers to be important, what constitutes high and low quality performance in terms
of normative standards, and how an expert may assess work in this domain.

Insofar as rubrics are instruments that can be employed for various purposes, one
might wish to have a way of choosing the right instrument, and of creating new
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instruments where old ones do not suffice. We have arrived at a set of concepts that
help in that regard. These concepts are intuitive notions rather than formal
mathematical definitions, because the goal of this work is to provide ways for thinking
about and comparing rubrics rather than to enable rubric generation, verification, or
other operations that demand formal precision. (By way of self-reflection, the authors
acknowledge that their view of the world, and the terminology introduced below, is
influenced by the authors’ training in computer science. Aside from how a computer-
scientific perspective may be problematized, the authors are hopeful that the
terminology is clear and useful to audiences in the humanities and social sciences.)
These concepts are support, generality, porting, and orientation.

The support of a rubric is the set of the exercises to which the rubric can be
applied. One can speak about whether a particular exercise falls within or outside of
the support of a rubric. Without defining support formally, we can say that the support
of a rubric that applies only to essays about Hamlet is smaller than the support of a
rubric that applies to essays about Hamlet and Macbeth. The latter rubric is more
general, i.e., generality is a rubric property that is a function of the size of the support:
the larger the support, the more general the rubric.

Rubric generality is a continuum, and key points along that continuum are domain-
independent, domain-relevant, and problem-specific rubrics. This distinction is
particularly salient for Writing in the Disciplines / Writing Across the Curriculum
courses in that general writing instruction does not address issues of domains and
domain problems.

A domain-independent rubric provides operational definitions of criteria such that
the rubric could apply to any domain. For instance, early versions of the SWoRD
system (Kwangsu Cho & Schunn, 2007) suggested insight, logic and flow as default
criteria to assess writing in any discipline.

By comparison, a domain-relevant rubric contextualizes general criteria within a
domain, and is less general (i.e., necessarily has smaller support) than a domain-
independent rubric. For example, the general assessment criterion of logic pertains to
whether or not the paper presents a well-reasoned argument, backed by evidence. This
may be operationalized within engineering ethics case analysis with reference to
domain-relevant argument structures such as general ethical issues and unknown
morally relevant facts (Harris, Pritchard, & Rabins, 2000). Domain-relevant criteria
need not be specific to argumentation as a rhetorical mode. The key distinction from
domain-independent rubrics is that domain-relevant rubrics are grounded in the ideas
and terminology of the domain.

A problem-specific rubric is least general in that it incorporates elements of the
problem explicitly. For instance, students in a zoology course were asked to produce a
summary of a research paper and to assess each other’s summaries. One prompt in that
rubric was Does the summary state that the study subject was the great tit (Parus major)
or the Wytham population of birds? AND does the summary further state that the
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sample size was 1,104 (egg) clutches, 654 female moms, or 863 identified clutches?
(Walvoord, Hoefnagels, Gaffin, Chumchal, & Long, 2008)

Dimensions of different generality are sometimes combined in a single rubric for
one assignment. The same zoology rubric also contained a domain-independent
prompt, “How would you rate this text?”

One study found that rubric generality interacted with the students’ aptitude for
following directions (Lin, Liu, & Yuan, 2001). Specifically, students in a writing exercise
in a computer science class used either a holistic rubric, where they “gave a total score
and offered a general feedback for an entire assignment,” or a domain-independent
writing rubric. The domain-independent rubric included the following dimensions: “(1)
relevance of the project to the course contents (2) thoroughness of the assignment (3)
sufficiency of the references (4) perspective or theoretical clarity (5) clarity of
discussion, and (6) significance of the conclusion.” The type of rubric was found to
have no effect on the quality of feedback as rated by an expert. Students who were less
inclined to follow directions benefited from domain-independent reviewer support and
were hurt by holistic reviewer support (in terms of higher second draft quality as
assessed by peers); on the contrary, students who were more inclined to follow
directions benefited from holistic reviewer support.

Validity and reliability of peer review depends critically on the rubric. Peer
assessment of oral presentations converged to self-assessment when peer reviewers
used a rubric composed of twenty five domain-relevant criteria that were distinct and
domain-relevant, but not when they used a rubric of six domain-independent traits
(Miller, 2003). Peer assessment via a holistic rubric converged to tutor assessment, but
assessment via 16 domain-relevant criteria did not (Chalk & Adeboye, 2005). The
correlation of summative tutor and peer assessments, although statistically significant,
was low, r=0.27,df=62, p<0.05. (The latter study is complicated in that the assessment
instrument with specific criteria lacked free-form commenting, while the holistic
instrument required it.)

Porting is the act of changing a rubric’s support. Suppose that a rubric applies to
essays written on Hamlet and an instructor wishes to use a similar rubric for essays on
Macbeth. To port the rubric from Hamlet essays to Macbeth essays, the instructor can
make a new rubric in which all references to Hamlet need to be supplanted by
references to Macbeth. The new rubric is as general as the original because each rubric
applies to just one kind of essay. Alternatively, the instructor can make a rubric that
applies to both Hamlet and Macbeth by restating the rubric to generalize across the
references to the particulars of either Hamlet or Macbeth. This new rubric is more
general than the original because it applies to essays on both plays.

Finally, the orientation of a rubric is the broader theme that ties together rubric
dimensions. For instance, in one early study, a web-based Group Support System was
developed to support articulation and application of criteria by instructor and students
(Kwok & Ma, 1999). The system was used by students for the duration of a semester (13
weeks) in a course where students worked as a group on a large information systems



GOLDIN & ASHLEY * ELICITING FORMATIVE ASSESSMENT IN PEER REVIEW | 214

project. Peer assessment was performed within groups of 20 students, and each group
devised its own rubric. The rubrics were oriented towards aspects of both process (e.g.,
collaboration within the group) and product (e.g., software reliability). The system
allowed students to assess themselves and each other with respect to the rubric. By
comparison with students who engaged in similar activities face-to-face, the Group
Support System led to two outcomes with small but statistically significant differences:
student final projects were of higher quality and students focused more on deep
features of the domain. As the paper notes, it is unclear whether these differences are
due to the process support that was provided by the software or to the rubrics that the
students devised.

Orientation can affect how a rubric fits analysis of open-ended problems. An
analysis of an open-ended problem often needs to be an argument. This may be
addressed via criteria focused on the mechanics of argument per se. For example, a
domain-independent argument-oriented rubric could be based on rhetorical elements
such as claims, warrants and evidence (Toulmin, 2003), and a domain-relevant
argument-oriented rubric could contextualize these rhetorical elements in
argumentation skills often practiced in the domain (e.g., citing precedents).
Alternatively, a rubric may focus on the content of the argument. A key structure in
analysis of an open-ended problem is the set of conceptual issues that tie together
relevant facts and that facilitate evaluation of alternative solutions.

For example, criteria for evaluating solutions to a computer programming
assignment may focus on concepts of object-oriented software design such as
abstraction, decomposition and encapsulation (Turner, 2009); such a rubric is said to
be concept-oriented. A rubric investigated in an introductory computer science course
contained these three conceptually oriented dimensions (abstraction, decomposition,
and encapsulation); two additional dimensions were functionality and style, which are
general notions of computer programming. One finding was that student reviewers who
used this rubric to assess expert-created examples significantly improved in their
understanding of decomposition, which was demonstrated well in these examples.
Learning was measured by having students create concept maps of abstraction,
decomposition, and encapsulation before, during and after the intervention, which took
place over ten weeks and four programming assignments. In a different condition,
students who provided formative feedback to their peers (rather than assessing expert-
created examples) showed an improvement in understanding of decomposition during
the intervention, but not on the posttest.

Optimizing for rubric generality versus for fit to open-ended problems is a trade-off.
On the one hand, some assessment experts recommend that instructors devise generally
applicable rubrics. One guide to teachers on formative assessment states that a rubric
that is practical “is of general value; that is, it is not task specific; it can be used to
evaluate performance in response to a number of different tasks” (Stiggins, 2005, p.
160). Domain-relevant rubrics can be reused across many open-ended problems in a
domain, and domain-independent rubrics can be reused even more broadly than
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domain-relevant ones. Developing separate problem-specific rubrics for each problem
may be a burden on the instructor.

On the other hand, it is much easier to structure a problem-specific rubric in terms
of concept-oriented criteria than a domain-relevant rubric. This is because given a
single problem, even an open-ended one, it may be possible to arrive at a short list of
conceptual issues that could or should be addressed in a student’s analysis.
Enumerating all concepts that could be relevant to a domain is an enormous
undertaking, and a rubric that does so would have too many dimensions to be usable in
practice. By making explicit the deep features of a problem, a concept-oriented rubric
focuses reviewer attention on what the author had to analyze, and provides a context
for the analytical and writing activities. Notably, the levels of performance measured by
a concept-oriented criterion may still focus on logical rigor and written expression of
argument so that these valuable aspects of domain-independent and domain-relevant
criteria are retained.

As far as known, rubrics of any generality and with an orientation to either domain-
relevant argumentation skills or to problem-specific concepts can elicit feedback
regarding the key feedback questions Where am | going? How am | going? and Where
to next? (Hattie & Timperley, 2007) That is, the feedback must help assessees
understand what performance they should aim for, their level of current performance,
and how to improve their performance. Given the growth in popularity of and potential
impact of peer assessment for analysis of open-ended problems, it is important to
investigate the trade-off of rubric generality and fit to open-ended problems.

The work described here compared the effects of two analytic rubrics for peer
assessment of writing: rubrics that focus on domain-relevant aspects of writing
composition versus rubrics that are specific to aspects of the assigned problem and to
the substantive conceptual issues under analysis. The fact that a domain-relevant rubric
can be used broadly means that it is more likely to be validated. Because evaluating a
rubric can be challenging and time-consuming, instructors would benefit if they could
reuse rubrics validated by third-party instructors and researchers. However, when
rubrics are used for formative assessment, the primary outcomes are whether the
feedback helps students improve their performance and whether the assessment is
accurate.

1.5 Hypotheses

Specifically, this study addressed the following research questions considering the
effects of supporting reviewers with problem-specific and domain-relevant rubrics: Is
peer assessment valid and reliable? Are peer reviewers responsive to the analytic design
of the two rubrics, or do they treat the rubrics holistically? Finally, do authors consider
feedback elicited via these rubrics to be helpful?

Peer assessment validity. Both types of rubrics were expected to encourage peer
reviewers to produce valid feedback on written works. Operationally, rubric validity
was defined as the validity of peer ratings elicited by the rubric. Validity was measured
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as correlation between aggregated inbound peer ratings and summative instructor
scores of the written works. When students are meant to learn writing in the domain as
well specific subject-matter ideas, instructors need to evaluate student work according
to both sets of criteria. Thus, when peers evaluate each other’s work with respect to
problem-specific and domain-relevant rubrics, they explore two important but distinct
aspects of the class material, and both ought to correspond to summative instructor
scores. Additionally, given the novelty of the problem-specific rubric, peer ratings of the
papers from the problem-specific condition were validated at the level of separate
dimensions by correlating them against the ratings of a trained rater.

Peer assessment reliability. The problem-specific rubric was expected to elicit more
reliable peer ratings than the domain-relevant rubric, because problem-specific criteria
may be easier to apply objectively than domain-relevant criteria. If an essay is missing a
key concept, reviewers are likely to agree. By comparison, domain-relevant criteria
may be more subjective. For instance, reviewers may disagree in terms of what
constitutes good issue identification or good document organization even if they are
supported with a rubric.

Reviewer responsiveness to rubric. Peer reviewers were expected to be responsive
to the rubrics before them, i.e., to give their ratings according to the dimensions of the
rubrics and not holistically. Reviewer responsiveness to analytic rubrics is not a
foregone conclusion. A rubric may be constructed in such a way that different criteria
evaluate the output of the same underlying cause (Diederich et al., 1961; Gansle et al.,
2006). Even if the criteria address what can hypothetically be different skills (e.g.,
argumentation vs. issue identification), students may acquire these skills together, and
the skills may also manifest themselves together. Another consideration is that students
may not differentiate among criteria (i.e., even if there are substantive distinctions, they
may be too subtle) or they may interpret the criteria not in the way that the instructor
intended. Reviewer responsiveness was evaluated by asking if ratings received by
authors are linked across rubric dimensions, or if the dimensions are independent.

Furthermore, given the novelty of the problem-specific rubric, its conceptual
distinctions were validated by comparing the student peer ratings of written works
against the ratings of a trained rater.

Feedback helpfulness. Even if feedback is valid and reliable, and even if reviewers
pay attention to the dimensions of a rubric, the feedback they produce may not be
formative. This is difficult to define operationally; for instance, as noted above,
researchers do not agree on what is formative, let alone peer reviewers. Nonetheless,
student authors can be asked directly whether or not feedback was helpful to them, i.e.,
to give a back-review of the feedback they received. It was expected that peer
reviewers would produce helpful feedback according to both rubrics because both the
problem-specific and domain-relevant rubrics explore important but distinct aspects of
class material. Before addressing feedback helpfulness, however, it is important to take
into account author-reviewer reciprocity, as explained below.
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Author-reviewer reciprocity. Peer reviewers and peer authors may at times engage
in tit-for-tat reciprocal behavior (Kwangsu Cho & Kim, 2007). Authors receiving high
inbound peer ratings may respond with high back-review ratings, while low inbound
peer ratings may elicit low back-review ratings. Since problem-specific criteria may be
easier to apply objectively than domain-relevant criteria, authors may find it easier to
evaluate such objective feedback on its own merits. If so, there may be a decrease in
reciprocal behavior among authors receiving problem-specific feedback.

2. Methods

2.1 Participants

All 58 participants were second or third year students at a major US law school,
enrolled in a course on Intellectual Property law. Students were required to take an
essay-type midterm examination (Goldin, 2011, Appendix A) and to participate in the
subsequent peer-review exercise. Students were asked to perform a good-faith job of
reviewing. The syllabus indicated, “a lack of good-faith participation in the peer-
reviewing process as evidenced by a failure to provide thoughtful and constructive peer
reviews may result in a lower grade on the mid-term.”

2.2 Apparatus

The study was conducted via Comrade, a web-based application for peer review. For
purposes of this study, Comrade can be seen as similar to other peer-review
applications, including SWoRD and Aropa (Kwangsu Cho & Schunn, 2007; Hamer,
Kell, & Spence, 2007). Comrade was configured to conduct peer review in the
following manner:

Students wrote essays and uploaded them into Comrade.

Essays were distributed to a group of 4 student peers for review.
The peer reviewers submitted their feedback to the essay authors.
The authors gave back-reviews to the peer reviewers.

A W N =

Students were free to choose their word processing software in step 1, but they were
required to save their essays in a digital file format that other students could read. In
step 2, student authors uploaded their essays into Comrade for distribution to reviewers,
and Comrade enforced a check on acceptable file formats. To facilitate anonymity in
peer review, each student was able to choose a nickname directly in Comrade, and was
identified to other students only by that nickname (Lu & Bol, 2007). After the deadline
passed for uploads, Comrade randomly assigned students to review each other’s work
using an algorithm that ensures that the reviewing workload is distributed fairly, and
that all authors receive a fair number of reviews (Zhi-Feng Liu, San-Ju Lin, & Yuan,
2002). At this point, students were able to download each other’s papers from
Comrade, read them and enter their feedback (step 3). Reviewer feedback was elicited
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according to either the domain-relevant or the problem-specific rubric, which are
described below. In step 4, reviewer feedback was delivered to student authors, and the
authors were asked to evaluate feedback helpfulness.

In addition, students were asked a series of multiple choice questions about the
legal concepts that they were studying between steps 1 and 2 and again between steps
3 and 4, also online via Comrade.’ After step 4, all students were invited to fill out an
optional survey.

2.3 Research Design

Just prior to the peer-review exercise, participants completed writing a mid-term, open-
book, take-home examination. It comprised one essay-type question, and student
answers were limited to no more than four double-spaced or 1.5-spaced typed pages.
Students had 3 days to answer the exam question. The question presented a fairly
complex (2-page, 1.5-spaced) factual scenario involving a computer science instructor,
Professor Smith, who created a product that was somewhat similar to an idea revealed
to him by a former pupil. Students were asked to provide advice concerning a
particular party’s rights and liabilities given the scenario. The instructor designed the
facts of the problem to raise issues involving some of the legal claims and concepts that
were discussed in the first part of the course. Specifically, the instructor focused on
plausible legal claims by the primary intellectual property claimant in the problem,
Professor Smith, against various other parties for breach of nondisclosure and
noncompetition agreements, trade secret misappropriation, idea misappropriation,
unfair competition, and passing off under a provision of the federal trademark law. In
addition, various other parties had plausible legal claims against Professor Smith for
idea misappropriation and violating the right of publicity. Students were expected to
analyze the facts, identify the claims and issues raised, make arguments pro and con
resolution of the issue in terms of the concepts, rules, and cases discussed in class, and
make recommendations accordingly. Because the instructor was careful to include
factual weaknesses as well as strengths for each claim, the problem was open-ended;
strong arguments could be made for and against each party’s claims.

The experiment was administered as a between-subjects treatment. Students used
one of two rubrics to review the work of their peers, either the domain-relevant rubric
(domain-relevant condition) or the problem-specific rubric (problem-specific
condition). Students only received feedback from reviewers within the same condition.
There was no training of students in evaluating peer works.

Independently of the peer review activities, the instructor assigned an overall score
to each student’s essay. This single score reflected those criteria explicitly called out in
the rubrics as well as any others that the instructor felt were relevant to his assessment
of the essays. The scores were numeric; the letter grades for which the scores served as
a basis were not used in the study reported here.

For each dimension within their assigned rubric, students were asked to give a
rating of the peer author’s work and to comment on that rating. In other words, these
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were analytic rubrics where each rating and comment focused on a specific dimension
of the work rather than merely contributing to a holistic impression. Although the
comments were not analyzed formally in this research due to time constraints, they
were collected to fulfill the three functions of feedback: the ratings were grounded with
respect to a scale so that the peer authors could see how their peers evaluate their
current level of performance, the same scale also showed the target level of
performance, and the comment was intended to help peer authors understand how to
reach the target level of performance, all with respect to distinct dimensions. The rating
scales had 7 points, grounded at 1,3,5,7 (Figure 1, Figure 2).

Issue Identification (issue)

1 - fails to identify any relevant IP issues; raises only irrelevant issues

3 - identifies few relevant IP issues, and does not explain them clearly; raises
irrelevant issues

5 - identifies and explains most (but not all) relevant IP issues; does not raise
irrelevant issues

7 - identifies and clearly explains all relevant IP issues; does not raise irrelevant
issues

Argument Development (argument)

1 - fails to develop any strong arguments for any important IP issues

3 - develops few strong, non-conclusory arguments, and neglects counterarguments

5 - for most IP issues, applies principles, doctrines, and precedents; considers
counterarguments

7 - for all IP issues, applies principles, doctrines, and precedents; considers
counterarguments

Justified Overall Conclusion (conclusion)

1 - does not assess strengths and weaknesses of parties legal positions; fails to
propose or justify an overall conclusion

3 - neglects important strengths and weaknesses of parties legal position; proposes
but does not justify an overall conclusion

5 - assesses some strengths and weaknesses of the parties legal positions; proposes an
overall conclusion

7 - assesses strengths and weaknesses of parties legal positions in detail; recommends
and justifies an overall conclusion

Writing Quality (writing)

1 - lacks a message and structure, with overwhelming grammatical problems

3 - makes some topical observations but most arguments are unsound

5 - makes mostly clear, sound arguments, but organization can be difficult to follow
7 - makes insightful, clear arguments in a well-organized manner

Figure 1: Domain-relevant rating prompts. Reviewers rated peer work on four criteria pertaining to
legal writing.
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Legal Claims:

Smith v. Barry for breach of the nondisclosure/noncompetition agreement (nda)
Smith v. Barry and VG for trade-secret misappropriation (tsm)

Jack v. Smith for misappropriating Jacks idea for the I-phone-based instrument-
controller interface (ideat)

Barry v. Smith for misappropriating Barrys idea for the design of a Jimi-Hydrox-
related look with flames for winning (idea2)

Estate of Jimi Hydrox v. Smith for violating right-of-publicity (rop)

Rating scale:

1 - does not identify this claim

3 - identifies claim, but neglects arguments pro/con and supporting facts; some
irrelevant facts or arguments

5 - analyzes claim, some arguments pro/con and supporting facts; cites some relevant
legal standards, statutes, or precedents

7 - analyzes claim, all arguments pro/con and supporting facts; cites relevant legal
standards, statutes, or precedents

Figure 2: Problem-specific rating prompts. Reviewers rated peer work on five problem-specific

writing criteria (the claims), which all used the same scale.

The rubrics differ in their generality and orientation (see New Concepts for Rubrics).
Because they were devised for the same exercise, some overlap is inevitable. Domain-
relevant “issues” are very similar to the five legal claims that are the dimensions of the
problem-specific rubric, but only the problem-specific rubric calls them out explicitly.
Out of the many concepts that make up intellectual property law, only a few pertain to
this exercise. As a consequence, it was possible to orient the problem-specific rubric to
legal concepts. By contrast, the domain-relevant rubric, while potentially applicable to
other exercises, cannot be concept-oriented because there would be too many
concepts to list. Instead, the domain-relevant rubric is oriented to rhetorical skills, such
as identifying issues and making arguments. The problem-specific rubric does not omit
these rhetorical and analytical skills, because it can echo them in the rating scale used
for each dimension. Thus, the chief difference between the rubrics is in how they
represent or decompose the underlying criteria. Additionally, the domain-relevant
dimensions on justifying an overall conclusion and on mechanics of writing do not
overlap with the problem-specific rubric.

After receiving feedback, each author was asked to give a back-review of the
feedback on each dimension to each reviewer. The same condition-neutral back-review
scale was administered for all dimensions as appropriate to the experimental treatment
so that feedback from each problem-specific and domain-relevant criterion was
evaluated on its own merits (Figure 3).
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Q: To what extent did you understand what was wrong with your paper based on
this feedback?

A: The feedback...

1 - does not substantively address my analysis,

3 - identifies some problems, but suggests no useful solutions,

5 - identifies most key problems, and suggests useful solutions,

7 - identifies all key strengths and problems, and suggests useful solutions to the
problems

Figure 3. Back-review rating scale, grounded at 1, 3, 5, 7.

In a posthoc analysis to validate the problem-specific rubric, a trained rater used the
rubric to rate all papers in the problem-specific condition. The rater was a former
student that had previously excelled in the same course. To help the rater emulate the
instructor’s scoring, the training was that, first, the former student was given an answer
key to the exam question that had been prepared by the instructor. Second, the student
rated four midterm essays that were chosen as representing a variety of levels of
performance of each concept, using the answer key, and the instructor and the student
discussed any differences of opinion. After this training, the student rated the remaining
papers using the problem-specific criteria and the answer key. (Validation was
particularly important for the problem-specific rubric given its novelty. Limited
resources did not allow us to validate both rubrics or to invite multiple raters whose
agreement could be measured.)

Thus, the manipulation consisted of assigning students to give and receive feedback
according to either the problem-specific rubric or the domain-relevant rubric. The
students’ feedback to peer authors and back-reviews were collected as dependent
variables. The participants Law School Admission Test (LSAT) scores were also
collected (48 of 58 students opted to allow their LSAT scores to be used), as well as the
midterm papers themselves, and the instructor-assigned scores on the papers. Finally, a
trained rater used the problem-specific rubric to rate all papers in the problem-specific
condition.

2.4 Procedure

On Day 1, students turned in paper copies of their midterm exam answers to the law
school registrar and uploaded digital copies of their anonymized answers to Comrade
from wherever they had an Internet connection. Then participants were randomly
assigned to one of the two conditions in a manner balanced with respect to their LSAT
scores. Students then completed a multiple choice, conceptually oriented test
(“pretest”) in one of two test forms. Half of the students in each condition received form
A and half received form B. From Day 3 to 7, students logged in to review the papers of
the other students. Each student received four papers to review, and each review was
anticipated to take about 2 hours. After reviewing but before receiving feedback from
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other students, each student completed a second multiple choice test (“posttest”); those
students who had earlier completed test form A now completed test form B, and vice
versa. On Day 8, students logged in to receive reviews from their classmates. On Day
10, students provided the reviewers with back-reviews explaining whether the feedback
was helpful. Students also took a brief survey on their peer review experience.

3. Results

Table 1. Characteristics of rubric dimensions: mean and standard deviation of inbound peer ratings
(IPR); correlation to trained rater; single-rater reliability (SRR); effective reliability (EFR); reciprocity;
helpfulness (inbound back-review ratings or IBR)

Domain- . Reciprocity (1)
Mean IPR  Peer vs. Trained r SRR EFR Mean IBR
relevant H,:t=0,
. . (SD) [95% Cl] [95% Cl] [95% Cl] (SD)
Dimension a=0.05
5.37 0.32 0.65 5.49
argument N/A 0.28*
(1.20) [0.13, 0.54] [0.37,0.82] (1.38)
. 5.48 0.12 0.34 5.64
conclusion N/A 0.26*
(1.09) [-0.04, 0.34] [-0.2, 0.68] (1.47)
. 5.37 0.5 0.8 5.34
issue N/A 0.25*%
(1.12) [0.31, 0.69] [0.64, 0.9] (1.56)
. 5.74 0.18 0.48 5.82
writing N/A 0.38*
(1.36) [0.01, 0.42] [0.03, 0.75] (1.31)
Problem- . Reciprocity (1)
» Mean IPR  Peer vs. Trained r SRR EFR Mean IBR
specific ) H,:t=0,
. . (SD) [95% Cl] [95% Cl] [95% Cl] (SD)
Dimension a=0.05
) 4.82 0.43 0.21 0.51 5.23
ideal 0.27*
(1.37) [0.07, 0.69] [0.02, 0.45] [0.09, 0.77] (1.65)
. 1.98 0.33 0.1 0.3 4.23
idea2 ) ) 0.21*
(1.59) [-0.04, 0.63] [-0.07, 0.34] [-0.33, 0.67] (1.93)
4.53 0.71 0.62 0.86 4.99
nda 0.23*
(1.66) [0.45, 0.85] [0.42, 0.79] [0.74, 0.94] (1.73)
2.79
(2.15) 0.81 0.83 0.95 4.89
rop 2 0.24*
(Onppr) = [0.62, 0.91] [0.71,0.91] [0.91, 0.98] (1.84)
0.96)
4.84 0.47 0.4 0.73 4.95
tsm 0.24*

(1.41) [0.12, 0.72] [0.2, 0.63] [0.49, 0.87] (1.79)
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The following presentation of results addresses the effect of two different rubrics on
validity and reliability of peer assessment, on reviewer responsiveness to analytic
rubrics, and on feedback helpfulness. Peer feedback on student essays was gathered via
one of two rubrics, either domain-relevant (n=29) or problem-specific (n=28). Each
essay was reviewed by four peer reviewers. The instructor also scored the essays.
Student authors rated the feedback that they received for helpfulness.

As an exploratory look at the dataset, the mean inbound peer rating within each
rubric dimension was computed for each student author. For example, each paper
receiving feedback via the domain-relevant rubric was described by four mean scores,
one for each dimension of that rubric. Mean inbound peer ratings ranged from a low of
1.86 (problem-specific condition, idea2 prompt regarding the second idea
misappropriation claim) to a high of 5.54 (domain-relevant condition, writing prompt
regarding the effect of organization on writing quality) on a 7-point rating scale (Table
1). In addition, other parameters were computed, as described below. Standard
deviations were plausible for both rubrics, suggesting that there was a range of
performance within each dimension. Bayesian estimates of the per-dimension standard
deviation of all ratings (Goldin & Ashley, 2011) were similar to the classical point
estimates, except in the case of the “right of publicity” dimension (labeled in Table 1 as

Uﬁ[IPR])-

3.1 Assessment Validity

The validity of rubric-supported peer assessment was evaluated by correlating the peer
ratings of students’ essay-form midterm exam answers to summative instructor scores of
the same exam answers. (But note that the peer reviewers were focused on providing
formative feedback, not summative assessment.) To understand this correlation in
context, both peer and instructor scores were compared against LSAT scores.

3.1.1 Peer Assessment Validity

Within each experimental treatment, every peer author’s mean inbound peer rating was
computed across all rating dimensions and across all reviewers. For example, for a
paper by a student in the domain-relevant condition, this was the mean of 4 rating
criteria * 4 reviewers = 16 inbound ratings. (The instructor only gave overall, not per-
dimension, ratings, so a more fine-grained comparison was not possible.) The Pearson
correlations of these means with the instructor’s score of the same papers were
significant for both the problem-specific condition, r(26)=0.73, p<0.001, 95% Cl [0.49,
0.871, and the domain-relevant condition, r(27)=0.46, p=0.011, 95% CI [0.12, 0.71].
Both types of rubrics may be seen as valid analytical rubrics (where validity is
determined by similarity to instructor scores). The problem-specific relationship
between mean peer ratings and instructor scores was not significantly stronger than the
domain-relevant relationship, z=1.51 using a Fisher transformation test at =0.05, i.e.,
the problem-specific rubric is not “more valid” than the domain-relevant one. Although
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some evidence points in favor of the problem-specific rubric (i.e., the narrowness of the
confidence interval, the strength of the correlation), this one comparison of two rubrics
is too small a sample to endorse the use of a problem-specific rubric over a domain-
relevant one.

Given the novelty of the problem-specific rubric, peer ratings of the papers from the
problem-specific condition were additionally validated at the level of separate
dimensions by correlating them against the ratings of a trained rater. First, the mean
inbound peer rating within each problem-specific dimension was computed for each
paper, such that every paper was described by five mean scores, one for each
dimension of that rubric. Second, a former student that had previously excelled in the
same course was trained to rate papers with the problem-specific rubric. Finally, within
each dimension, this trained student’s rating of each paper was correlated against the
mean inbound peer rating. Peer ratings in all but one problem-specific dimension
correlated significantly with the ratings of the trained rater (Table 1). The lone exception
was the second idea misappropriation claim for which peer rating reliability was
particularly low, as shown below.

While instructor scores and peer ratings were related to each other, neither was
related to students’ LSAT scores. Correlation of LSAT scores with instructor scores was
r(45)=-0.12, p=0.43, and correlation of LSAT scores with peer ratings was r(44)=0.03,
p=0.82. The lack of correlation to LSAT performance is somewhat troubling. However,
the LSAT is conventionally validated against “the average grade earned by the student
in the first year of law school” (Thornton, Stilwell, & Reese, 2006), not the grades of
second- and third-year students, as in this population. Furthermore, bar exam
performance is better predicted by law school Grade Point Average than by the LSAT
(Wightman & Ramsey, 1998).

3.1.2 Peer Assessment Reliability

Ratings produced via both domain-relevant and problem-specific rubrics were
evaluated for reliability. Following Kwangsu Cho et al. (2006), reliability was computed
in terms of the Intra-Class Coefficient (ICC) (McGraw & Wong, 1996). According to this
formulation, reliability of ratings is defined as the proportion of variance that is due to
the signal of the paper’s true expression of some rating criterion rather than the noise of
reviewer differences. The ICC assumes that there is a common population variance
across the reviewers. Again following Kwangsu Cho et al. (2006), two versions of the
ICC are particularly relevant to peer review: single-rater reliability (SRR) and effective
reliability (EFR). Both treat reviewers as random (i.e., interchangeable), and both focus
on reviewer consistency rather than exact agreement. SRR and EFR differ in that SRR
estimates the reliability of a single, typical reviewer, while the EFR estimates the
reliability of the average combined ratings given by multiple reviewers. By definition,
EFR and SRR range from O to 1, and EFR is always greater than SRR. In the terminology
of McGraw & Wong (1996), SRR is ICC(C,1), and Effective Reliability (EFR) is
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ICC(C,k=4). The ICC serves as a check on the level of noise in each dimension of both
rubrics.

Both rubrics had some dimensions that were not reliable (Table 1). Effective
reliability for the problem-solving criteria ranged from 0.3 to 0.95, and for the domain-
relevant criteria from 0.34 to 0.8. While there is no hard rule that distinguishes “good”
and “bad” ICC values, effective reliability was relatively low for two of the five
problem-specific dimensions, both of which pertained to idea misappropriation. Among
the domain-relevant dimensions, effective reliability was relatively high only for the
dimension pertaining to issue identification. It was expected that the problem-specific
rubric may be easier to apply objectively than a domain-relevant rubric, and thus that
the problem-specific rubric would be more reliable. The results supported that
hypothesis, but once again, this comparison of only two rubrics is too small a sample to
draw a definitive conclusion.

The problem-specific rubric elicited ratings at both high and low ends of the rating
scale that was used for all dimensions (Table 1). The two problem-specific concepts
that had the lowest mean inbound peer ratings, namely the second idea
misappropriation claim and the right of publicity claim were, respectively, the least and
most reliable problem-specific concepts. Notably, low peer ratings did not lead to low
reliability among reviewers.

3.2 Reviewer Responsiveness to Rubric

Even if both types of rubrics elicit valid peer ratings, as established in terms of the
correlation of authors’ inbound peer ratings with an instructor’s score, the rubrics may
elicit ratings in a holistic manner, rather than an analytic manner. Each rubric was
evaluated for whether the dimensions within the rubric were distinguished from each
other in terms of peer ratings. In addition, given the novelty of the concept-oriented
distinctions made in the problem-specific rubric, student essays were scored according
to the same rubric by a trained rater.

3.2.1 Distinctions among Dimensions within Each Rubric

It is desirable for dimensions within an analytic rubric to be distinct from one another.
For example, an instructor implementing a rubric likely wants peer authors to receive
formative feedback that is grounded and explained in terms of each respective criterion.
Further, it is a misuse of reviewer effort and author attention to give and receive
feedback that turns out to be redundant and hence relatively uninformative.

To check whether the rubrics elicit differentiated ratings, first, the mean inbound
peer rating within each rubric dimension was computed for each student author. For
example, each paper receiving feedback via the domain-relevant rubric was described
by four mean scores, one for each dimension of that rubric. Second, within each rubric,
these mean scores across all papers were correlated, resulting in 6 pairwise correlations
for the domain-relevant rubric (Table 3) and 10 pairwise correlations for the problem-
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specific rubric (Table 2). Correlations between mean inbound ratings in the domain-
relevant condition were all strong and statistically significant. In the problem-specific
condition, ratings between only two pairs of criteria were highly correlated (the first
idea misappropriation claim ideal vs. the trade-secret misappropriation claim tsm, and
the claim for breach of non-disclosure nda vs. the trade-secret misappropriation claim
tsm). This suggests that peer reviewers treated the domain-relevant rubric as a single
construct, but distinguished among multiple constructs when they used the problem-
specific rubric.

Table 2. Pairwise correlations between mean inbound peer ratings among dimensions of the
problem-specific rubric. In parentheses, correlations among the ratings of author work by a trained
rater. Asterisk indicates correlations significantly different from zero at 0=0.05.

Problem-specific Dimensions (r)

idea2 nda rop tsm
ideal -0.04 (0.14) 0.31 (-0.03) -0.01 (0.22) 0.70* (0.39%)
idea2 -0.07 (0.11) -0.11 (0.00) -0.21 (0.15)
nda 0.18 (0.02) 0.46* (0.21)
rop 0.16 (-0.09)

Table 3. Pairwise correlations between mean inbound peer ratings among dimensions of the
domain-relevant rubric. Asterisk indicates correlations significantly different from zero at 0=0.05.

Domain-relevant Dimensions (r)

conclusion issue writing
argument 0.72* 0.69* 0.65*
conclusion 0.61* 0.77*
issue 0.67*

The apparent difference between rubrics was not due to the slightly different number of
dimensions (4 in the domain-relevant rubric, 5 in the problem-specific). The null
hypothesis is that rubric dimensions ought not to be related to each other. Simply due
to chance, a significant pairwise correlation between dimensions is more probable for a
rubric that has more dimensions rather than fewer. For the problem-specific rubric,
there were 10 possibilities of a significant pairwise correlation, but its dimensions were
actually less inter-related than domain-relevant dimensions.

The extent to which each rubric represented a unitary construct, i.e., internal
consistency, was measured using McDonald’s wy over per-dimension mean inbound
peer ratings. After a factor analysis, McDonald’s wy is “based upon the sum of the
squared loadings on the general factor”, i.e., it is “an index of how much the test
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measures one common factor” (Revelle & Zinbarg, 2008). McDonald’s wj, provides a
stronger lower bound estimate of internal consistency than other measures, including
Cronbach’s  (Zinbarg, Revelle, Yovel, & Li, 2005). As with , internal consistency is
guaranteed to be restricted to the range [wp,1]. For the domain-relevant rubric,
w,=0.85, and for the problem-specific rubric, wy,. =0.56" In other words, as applied by
the peer reviewers, the dimensions of the domain-relevant rubric represented a single
unitary construct, while the dimensions of the problem-specific rubric likely
differentiated among multiple constructs.

There may be several possible explanations for inter-criteria correlation in either
condition. First, although peer reviewers could have rated each other inaccurately, this
is unlikely given that both types of ratings are valid with respect to instructor scores.
While novice writers may struggle with making revisions, detecting errors and fixing
them are separate skills (Hayes et al., 1987), and rating on an anchored scale is only a
recognition task, not a recall one. Further, these were second and third year law
students, who must be familiar with legal argumentation, that is, with the domain-
relevant rubric. Nonetheless, the following section investigates whether they missed
important relationships among the problem-specific criteria because of their
inexperience with Intellectual Property, which would have led to the low inter-
dimension correlations.

Second, as pointed out by an anonymous reviewer of this paper, “it might also be
possible that the students essays were quite homogeneous with regard to rhetorical
aspects of writing quality.” That is, within any one rubric dimension, the range of
performance across all students could have been narrow. However, variances of ratings
show that this is not the case (Table 1).

Third, it could be that some criteria are intrinsically interdependent. For example,
among the domain-relevant criteria, it could be that rigorous argument structure
(argument) is necessarily dependent on identifying the key issues in a problem (issue).
Analogously, among the problem-specific criteria, legal claims of trade secret
misappropriation (tsm) do often arise in the context of breach of non-disclosure and
non-competition agreements (nda), which was one of the two significant correlations
in that condition.

Fourth, it could be that the criteria are simply correlated in terms of how the
behavior they describe is expressed by students. For example, if a student employs
good grammar (writing), it is likely that this student will also write good conclusions
(conclusion), even if one does not directly cause the other.

3.2.2 Validity of Problem-Specific Conceptual Distinctions by Peer Reviewers
Mean inbound peer ratings according to problem-specific criteria were mostly
uncorrelated with each other. One explanation could be that peer reviewers missed
important relationships among these criteria, which could happen if the conceptual
issues were too difficult for peer reviewers to assess. To check on this, a former student



GOLDIN & ASHLEY * ELICITING FORMATIVE ASSESSMENT IN PEER REVIEW | 228

that had previously excelled in the same course was trained to rate papers with the
problem-specific rubric, and the correlations among these ratings were computed for
each pair of criteria in the same manner as for the mean inbound peer ratings.

There were no significant pairwise correlations according to the trained rater that
were missed by the peer reviewers (Table 2). Of the two significant pairwise
correlations that were present according to the peer reviewers, one was also significant
according to the trained rater (the first idea misappropriation claim idea? vs. the trade-
secret misappropriation claim tsm), and one was not significant according to the trained
rater (the claim for breach of non-disclosure nda vs. the trade-secret misappropriation
claim tsm). In the aggregate, peer reviewers distinguished among problem-specific
concepts similarly to the trained rater.

3.3 Feedback Helpfulness

After receiving feedback, each author was asked to give a back-review of the feedback
on each dimension to each reviewer. The same condition-neutral back-review scale
was administered for all dimensions as appropriate to the experimental treatment so
that feedback from each problem-specific and domain-relevant criterion was evaluated
on its own merits (Figure 1).

3.3.1 Author-Reviewer Reciprocity

Peer reviewers may engage in reciprocal behavior, i.e., authors may be tempted to give
high back-review ratings to reviewers that give the authors’ works high peer ratings, and
low back-review ratings in response to low ratings from reviewers.

Reciprocity was defined operationally as the correlation between the peer ratings
given by reviewers and back-review ratings given by authors in response. Owing to the
ordinal nature of the ratings, correlations were computed as Kendall’s 7, which is “the
difference between the probability that the observed data are in the same order for the
two variables versus the probability that the observed data are in different orders for the
two variables”(Hill & Lewicki, 2006). Reciprocity aggregated across all dimensions of
the problem-specific rubric was found to be 7(579)=0.27, p<0.001, and domain-
relevant reciprocity was t(463)=0.30, p<0.001. Reciprocity varied little when breaking
out rating dimensions (Table 1)°. Thus, there is a small but statistically significant
amount of reviewer-author reciprocity using both rubrics. Contrary to expectations,
problem-specific criteria did not make it easier for authors to evaluate feedback
objectively.

3.3.2 Helpfulness of Feedback via Domain-Relevant and Problem-Specific
Support

Feedback helpfulness was compared between the two conditions. Both rubrics elicited

helpful feedback most of the time, as indicated by the mean helpfulness ratings in each

dimension (Table 1). A straightforward test of whether helpfulness differs by rubric
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would be a one-way ANOVA of back-review ratings with rubric as a factor of two
levels, problem-specific and domain-general. However, because there was a
statistically significant level of reciprocity in the ratings elicited by both rubrics, it is
necessary to adjust for inbound peer ratings in evaluating whether helpfulness differs by
rubric. An ANCOVA of back-review ratings with inbound peer rating as covariate and
rubric type as factor showed that the inbound peer rating was a significant predictor of
the back-review rating, F(1,830)=129.18, p<0.001, which was expected due to the
reciprocity finding. Having adjusted for reciprocity, rubric type was not a significant
predictor of the back-review rating, F(1,830)=2.69, p=0.10, i.e., feedback helpfulness
did not differ by rubric.

It is possible to interpret the raw back-review ratings by referring to the anchors of
the rating scale provided to the authors (Figure 1), although this forgoes the adjustment
for reciprocity. Domain-relevant feedback was rated 6 or 7 more often than problem-
specific feedback. As defined by the rating scale, such ratings indicated that authors felt
that the feedback not only “identified most key problems” in their writing and
“suggested useful solutions”, but that the feedback also “identified key strengths”.
Feedback that “identifies key strengths” could be considered as praising the author’s
work; thus the authors apparently felt that the domain-relevant feedback often
contained praise.

Additionally, problem-specific feedback was rated 3 or below more often than
domain-relevant feedback. To understand why problem-specific feedback was
sometimes considered unhelpful, all 92 comments from peer authors that were paired
with back-review ratings of 3 or lower were analyzed. In these comments, the most
frequent explanations of low back-review ratings were that the reviewer’s feedback was
empty or almost empty (19), that the reviewer missed or misunderstood key parts of the
author’s argument (20), or that the reviewer’s feedback was correct, but suggested no
solutions (33).

Problem-specific authors chose not to give back-reviews more often than domain-
relevant reviewers. In 19 cases, authors omitted back-review ratings but left written
comments, which were analyzed. The comments seemed to fit well with the back-
review scale, but the authors chose to omit ratings nonetheless.

4. Discussion

This experiment compared formative assessment in peer review via problem-specific,
concept-oriented support for reviewers and authors versus domain-relevant,
argumentation-oriented support. The results showed that both kinds of reviewing
rubrics led to valid peer assessment of student work. Examining the rubrics’ analytic
dimensions separately showed some differences, but given the small sample of the
comparison (just one of each type of rubric), this comparison is tentative and further
study is required. Dimensions of the problem-specific rubric were reliable more often
than dimensions of the domain-relevant rubric. The domain-relevant rubric showed
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high inter-dimension correlation. The problem-specific rubric did not show high inter-
dimension correlation according to peer reviewers, and this was confirmed by a trained
rater. When evaluating feedback helpfulness, authors “reciprocated” by giving low
back-review ratings in response to low peer ratings. Adjusting for reciprocity showed
that peer authors judged feedback elicited by both rubrics to be similarly helpful, but
the domain-relevant rubric elicited praise more often than the problem-specific rubric.
Some considerations on choosing between a domain-relevant rubric and a problem-
specific rubric follow.

Both domain-relevant and problem-specific mean inbound peer ratings correlated
strongly with an instructor’s aggregate scores of a midterm exam in Intellectual Property
law. The validity of the problem-specific ratings within each dimension was further
confirmed against the ratings of a trained rater. This is an especially important finding
for a course in law, a domain of open-ended problems, where it is difficult to achieve
reproducible assessment and to do so with plausibly valid criteria.

The high inter-dimension correlation of the domain-relevant rubric is a strike
against the domain-relevant rubric. The most likely explanation is that the domain-
relevant dimensions were inherently correlated in this corpus. Even if a rubric addresses
what can hypothetically be different skills (e.g., argumentation vs. issue identification),
students may acquire these skills together, and the skills may also manifest themselves
together. Having found redundancy in peer ratings, we cannot know if comments were
similarly redundant. That said, an instructor who cannot anticipate whether or not
student essays will be correlated in terms of domain-relevant criteria may reasonably
choose a problem-specific rubric. Because problem-specific support to reviewers leads
to ratings that do not correlate with each other, such ratings are not redundant, and
more likely to be informative.

While neither rubric was reliable across all dimensions, lack of reliability is not
necessarily a cause for concern; indeed, the importance of reliability in peer review
may be overstated (N. F. Liu & Carless, 2006). In particular, this may not be a concern
when rubrics are applied to an open-ended problem. In this study, the problem-specific
rubric emphasized legal claims, each of which provides a separate analytical
framework for the open-ended problem. Further, reviewer disagreements with respect
to conceptual issues could be legitimate because open-ended problems may be framed
in multiple ways. The different problem-specific reviews may thus lead authors to see
the problem in different ways.

Reliability may be important in some cases, especially summative assessment: “For
students to take the feedback seriously, the ratings need to count for actual grades, and
the validity and reliability of the grades depends upon there being ratings from multiple
reviewers” (Kwangsu Cho & Schunn, 2007). If so, reliability may be improved by
increasing the number of peer reviewers (Kwangsu Cho & Schunn, 2007), and by
calibrating their rating techniques (Russell, Cunningham, & George, 2004). Improving
reliability may be easier with the problem-specific rubric than the domain-relevant one,
because problem-specific criteria can be clear and specific (e.g., what factors may
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support a legal claim of trade-secret misappropriation, what factors may constitute a
good response to such a claim), while domain-relevant criteria are more open-ended
(e.g., what constitutes a good legal argument in general). Notably, “fixing” the problem
of reliability for problem-specific criteria leads the instructor to teach material that is
very appropriate to the topic of the course. If reliability of feedback is less important
than multiple perspectives, and if there is a mechanism to encourage diversity in
feedback, the number of reviewers can be reduced, which would also reduce the
burden of reviewing for the students.

Back-review ratings for both types of rubrics were affected by a small but
statistically significant amount of reviewer-author reciprocity. While it is possible to
eliminate reciprocity by concealing peer ratings, i.e., by only presenting comments to
peer authors (Kwangsu Cho & Kim, 2007), this may be undesirable. The ratings may
communicate formative feedback to students, including level of current performance
and the target level of performance, and the structure of the criteria. Additionally, it is
awkward to collect ratings without passing them on.

Adjusting for reciprocity showed that peer authors judged feedback elicited by both
rubrics to be similarly helpful. Domain-relevant reviews earned back-review ratings that
noted praise in the review more often than the problem-specific rubric, but students are
known to rate praise as helpful (K. Cho, Schunn, & Charney, 2006), and praise is not
associated with implementation of feedback in a subsequent draft (Nelson, 2008). By
contrast, problem-specific reviews earned more back-review ratings indicating that the
feedback identified problems but lacked solutions. From an instructor’s perspective,
low ratings of helpfulness of problem-specific feedback, if not overwhelming in
number, are a positive aspect of a peer review exercise. Much as low inbound peer
ratings inform the instructor that a particular problem-specific concept has proved
challenging for students, low back-review ratings inform the instructor that students
struggle with giving helpful feedback for a problem-specific concept, which may
indicate that students do not understand the concept. In future research, a fair
comparative evaluation of helpfulness would entail delivering both problem-specific
and domain-relevant feedback to each author to see which type the authors prefer
when they can choose among them.

The work sheds some light on how criterion-based formative writing assessment
may be implemented in domain-specific writing contexts. Specifically, the classification
of assessment rubrics in terms of generality and orientation may aid in designing rubrics
for open-ended problems in writing courses in the disciplines. It could be that for some
courses it is important to distinguish the writing and critiquing skills that make up a
domain-relevant rubric, and to collapse the various problem-specific concepts. These
are likely to be courses focused on writing as a subject in itself. However, for courses
with substantive subject matter apart from (or in addition to) writing, review rubrics that
are more concept-oriented and that address aspects of specific open-textured problems,
may be of greater pedagogical value.
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The two rubrics evaluated here share some underlying criteria, but present them from
different perspectives. For example, both rubrics place value on identifying and making
reasoned arguments about conceptual issues. It would be natural for reviewers using
domain-relevant support to discuss problem-specific concepts. However, any problem-
specific concept-oriented information would be distributed across the domain-relevant
dimensions, attenuating the concept-oriented signal, and leading to interference from
multiple concepts and non-concept-oriented feedback. Moreover, if that feedback is to
be evaluated according to the domain-relevant back-review scale, that would lead
back-reviews to pertain to the reviewers’ ability to give domain-relevant feedback, not
concept-oriented feedback. Thus, instructors who value conceptual analysis should
choose the problem-specific rubric over the domain-relevant one.

The domain-relevant rubric is more general than the problem-specific rubric; its
support encompasses more exercises. However, evidence that points in favor of the
problem-specific rubric includes the strength of the validity correlation, the narrowness
of the correlation confidence interval, the larger number of dimensions with high
effective reliability, and the low inter-dimension correlation. These strengths are due to
the fact that the problem-specific rubric is oriented to legal concepts, not to skills.
Further, it is possible to increase the support of the problem-specific rubric without
hurting its orientation to concepts. The problem-specific rubric could be ported to a
new exercise simply by adding dimensions for those legal concepts that are relevant to
the new exercise, and omitting irrelevant dimensions. The new dimensions can be
defined using the same rating scale as the existing ones.

While this one comparison of two rubrics is too small a sample to endorse the use
of one rubric type over another, it should serve as a starting point for further principled
exploration of rubric design and its impact on assessment of writing in the disciplines.

5.  Conclusions

This research makes theoretical and applied contributions. First, it introduces support,
generality, porting and orientation of review criteria as concepts that are useful for
thinking about rubrics. Second, it describes two new rubrics for legal writing derived on
the basis of these concepts: a domain-relevant, skill-oriented rubric and a problem-
specific, concept-oriented rubric. Third, it evaluates and compares the new rubrics in
terms of validity, reliability, reviewer responsiveness, and feedback helpfulness. Fourth,
it provides an example of how computer-supported peer review helps to study rubrics.

The limitations of the research are that it only considers peer ratings, leaving peer
comments to be examined in future work. While the rubric comparison is informative,
it is not determinative in that covers only one example of each type of rubric. In
hindsight, it is apparent that the evaluation of feedback helpfulness would have been
more robust if each author had received feedback via both rubrics.

The lesson we take away is this: Rubrics affect the experience of students and
instructors; they are not neutral. Given that rubrics are widely used and endorsed (H. G.
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Andrade, 2000; Stiggins, 2005), they deserve more critical attention than is usually
accorded to them either by instructors or researchers. Our experience highlights a
synergy between rubrics and peer review: rubrics provide critical support and valuable
insights for peer review in educational settings, and peer review provides an excellent
laboratory for evaluating rubrics.

Notes

1. The duopoly of validity and reliability has itself been criticized for ignoring other
characteristics (e.g., Baartman, Bastiaens, Kirschner, & Vandervleuten, 2006), including in
peer assessment settings (Ploegh, Tillema, & Segers, 2009).

2. This simplified discussion does not distinguish ’criterion” and 'standard’; cf. (D.Royce Sadler,
1987).

3. Test results were inconclusive and discussion is omitted here. Further details are available in
(Goldin, 2011).

4. Computed using the psych package ver. 1.2.1.
In prior work, reciprocity was defined as the Pearson correlation (Kwangsu Cho & Kim, 2007),

which produces similar results for the problem-specific and domain-relevant ratings.
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