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ABSTRACT

In evaluating laboratory reports, assessment @itaust be clearly established and made
explicit to students before the lab activities salents can focus their efforts and the instructors
will concentrate on major learning outcomes durmayking the laboratory reports. This paper is
intended to help draw assessment moderation proegduw significantly minimize discrepancies
between teachers in marking lab reports. It al§ossudents to develop their report writing skills
A population of 193 students taking two chemistapdratory courses and a team of three
instructors were used as research group. The dtidamne required to respond on the extent of
instructors’ subjectivity during marking lab repgrand on its impact on their motivation and
learning. Marks given by the instructors to labotp were compared and evaluated for significant
differences. Based on the responses of the studemismarks issued by the instructors, a
moderation procedure was proposed, implementeéwaaldated for its effectiveness in improving
students’ motivation and learning. The researchwsldothat there is a clear observation and
evidence of lack of skills on students’ side alyegbrt writing before moderation. It also indicated
that teachers assessed the reports on subjecti® flagher than objectively designed marking
criteria. The implementation of the moderation gehare helped reducing the instructors’
discrepancies in marking lab reports and brougmicant improvements on students’ motivation
and achievement§African Journal of Chemical Education—AJCE 6@anuary 2016]
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INTRODUCTION

Written laboratory reports are among the diffetgpes of assessment tasks. A laboratory
report is a common way of presenting informatiod Bcommendations or conclusions related to
a specific purpose. The reports are presented lmasgdthering and analyzing information using
a discipline specific methodology and format. Tleay also be used to assess field work or case
studies. Carefully designed assessment tasks atladents to demonstrate achievement of clearly
communicated learning outcomes. The assessmergndeshould include the following three
elements: the learning outcomes must be clear|edmming experiences should help students
achieve those learning outcomes, and the assessas&stmust allow students to demonstrate
their achievement of the learning outcomes [1].

The laboratory report mark is one obstacle thadgdn create conflicts between teachers
and students, between students and between tea@mree way of marking, grading and
evaluating pupils’ work is necessary. In spitela tong persisting criticisms of laboratory marks
for unreliability as well as adverse emotional effeupon learners and teachers, the practical
reality of certain contributions of effective assment procedures in promoting individual
learner’'s own realistic conception of himself/hérse recognized [2]. It is also argued that
evaluation is rarely free from personal and otloerrses of bias. To some extent, these biases are
reduced where assessment is shown to be credédgendable, and confirmable [3].

Moderation, a quality assurance process directethsuring that assessments are marked
with accuracy, consistency and fairness, is requibe every assessment which involves a degree
of subjectivity. It is aimed at ensuring that maskal grades are as valid, reliable, equivalent and
fair as possible for all students and all markdis Also, it is the most effective criteria used to

minimize significant differences in assessing stusleworks particularly when many teachers

32




AJCE, 2016, 6(1) ISSN 2227-5835

instruct and assess the same course for diffetesges. Moderation helps to ensure that there is
an appropriate focus on outcomes for learners,|daahing is at the appropriate level and that
learners develop the skills for learning, skills fife and skills for work, including higher order
thinking skills, which will allow them to be sucasl in the future. Teachers involved in
developing their assessment approaches througitipation in moderation activities acquire a
highly effective form of professional developmefifficient and effective approaches to quality
assurance and moderation will require buildingamal practices, developing working approaches
across education authorities and partners anchintkiis work at a national level. [5]

Moderation includes the entire assessment evedt)dimg the design and pestent
analysis of the fitness of the assessment of studaming. During moderation, assessments are
designed so that they are clearly linked to thernided learning outcomes; prearking meetings
or other activities are undertaken to ensure thsgssors are able to clarify their understanding of
the assessment criteria; assessment criteriaegadyctommunicated to students, both in the pre-
assessment phase and also when providing feedbadkassessments are subject to regular
review: their frequency, style and the relativecass rate of students are appraised as a regular
part of the improvement cycle. Effective assessmmderation activities are achieved by using
marking criteria, discussions of standards, croasking and avoiding post-hoc adjustment of
marks in higher education. The first phase of matien is to review all lab report items
collaboratively with all markers before the assemsims set and make amendments as required.
The second phase of moderation is the implementati@rking and grading that is done before
marks are allocated. If there are multiple markeosiduct a consensus marking exercise such as

double or triple marking a sample of anonymous #&mnd compare marks, comparing marking
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ranges across different groups and markers andggtuinely and sensitive feedback to learners
and markers [6].

Marks and grades given to students are commonlyentgdsubject specific decision
making processes as judgments about academic sfand@). Ensuring consistency of
assessments in a unit is a challenge when a uvofiteased on more than one campus and by more
than one marker [8]. Marking and grading in mosicitilines is inevitably subjective [9] but a
systematic approach to identifying significant tdmeliefs may assist in reducing the effect on
variation [10]. Conversations amongst markers assgstudent performances influenced how the
group of markers reached agreement [11]. Despatpotential benefits of team work, moderation
of marking is essential for students to feel cosfidthat they will be rewarded fairly for their

contributions and that any ‘freexders’ will not benefit from the efforts of others

PURPOSE, RESEARCH QUESTIONS AND METHODOLOGY
The aim of the research is to find out the leveltedchers’ subjectivity in marking
laboratory reports and its impact on students’riesy. It also tries to assess some moderation
activities that promote students’ laboratory repariting skills and their motivation to learn
through practice by reducing teachers’ subjectiitynarking laboratory reports in chemistry
laboratory sessions.
The research is intended to give answers for thewong questions:
1. What is the students’ perception of teachers’ digancy in marking lab reports and its
impact on learning?
2. What s the level of discrepancies between teachadswithin themselves, during marking

lab reports?
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3. Do the proposed assessment moderation procedul@snim@mizing the inconsistency
between teachers in marking lab reports?
4. What is the effect of assessment through moderatigtudents’ learning and motivation?
The research was carried out in Debre Markos UsitygrEthiopia. It is an evaluative type
study consisting of a population of 193 student wbmpleted two consecutive laboratory
courses, and a team of three instructors. Founkdgdkert style questionnaires were prepared to
be filled by students. . In the questionnairergity agree (SA) had 5 points, agree (A) 4 points,
neutral (N) 3 points, disagree (D) 2 points andrgity disagree (SD) 1 point. Questionnaire 1
assessed the students’ perception of the discregzabpetween instructors in marking lab reports.
Questionnaire 2 asked students responses on et effthe discrepancy on their motivation and
achievement. Questionnaire 3 consisted of ten itémsas aimed at evaluating the students’
attitudes towards the proposed assessment modemboedure. The reliability and validity of
the items in the instrument were evaluated by taficng the Cronbach’s alpha coefficient.
Questionnaire 4 emphasizes the effect of the pexposderation on students’ achievement.
In addition, triplicate copies of 6 lab reportstiofee groups of students were each marked
by the three instructors before and after implemwgot of the procedure. The results were
recorded and evaluated for significant discrepanbietween the instructors’ markings using a

paired student's-teststatistics.

RESULTS AND DISCUSSIONS

In this section, data are presented based on wdmshvers to research questions are

discussed. The results are presented and dischskeu.
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1. Students perception of discrepancies between tdeers in marking lab reports and its
impact on their learning

As shown in table 1 below, 153 out of 193 studé€rn®27%) have agreed that there is
significant subjectivity from instructors in markjmab reports and 8 (4.15%) students argued that
there is no subjectivity from instructors in asgagstudents’ lab reports. 32 (16.58%) of the
students responded that they have no idea regaetiosgers subjectivity in assessing reports. The
results intable 2 indicated that of the 153 students who claimedpgfesence of instructors’
subjectivity, 80 students (52.28%) responded thair tmotivation and achievement has been
affected; 41 (26.80%) have no comment and 32 (20)%aid their motivation and achievement
is not affected by subjective assessment methaaisgdonarking lab reports.
Table 1: Students’ perception of teachers’ subyégtiin marking lab reports before

moderatiors there discrepancy, among teachers, during mgikim reports?

SA A N D SD Average sd
39 114 32 8 - 3.95 0.5343

Table 2: Students responses on effects of discogpamtheir motivation and learning

If your response for subjectivity is SA or A, daeaffect your motivation and achievement?
SA A N D SD Average sd
22 58 41 20 12 3.38 1.12

2. Students’ responses on the proposed assessmentiaration strategies

After evaluating the reliability and validity of eéhpilot questionnaire using Cronbach’s
alpha, a six item questionnaire was administerelddsstributed for students to respond.  As
shown in table 3 below, 131 out of 153 (85.61%)dh&lents demand the instructors to provide
clear instructions and all necessary informatiofotgesubmission of the lab reports. 9.16% have
no opinion, and 5.23% showed disagreement abouid#® of clear instructions and essential

information for lab report writing.
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Another proposed item that receives good attentias marking all students’ reports of
the same experiment by the same instructor. 75.468%e respondents claim their agreement,
10.56% have no idea, and 14.38% did not supportdib@. Even though a smaller number of
instructors are advisable to assess the same soiblsdt reports, research has shown that same
instructor marking is not applicable for a largenter of students-to-faculty ratio case [12].

The other well rated proposed procedure by theesiisdwas provision of specific lab
report formats. 69.9% remarked they needed spaliifidesigned lab report formats, 11.11% were
neutral and 19.61% responded negatively. Availgtili specific lab report formats helps students
to be specific and concentrate on major issuebeféport. It also makes the teachers at ease in
comparing students work as they focus on similatspaf the report. Laboratory reports should
always be written for the convenience of the reat@leus, for example, each section of the report
should be headlined and the sections should bagadain an appropriate, easily-understood
sequence. In the context of the course for whicis Mritten, the laboratory report serves to
describe what the students did during the laboyagession, how they manipulated the raw data,
what they identified as their result and what thegcluded about the experiment [13].

Instructors’ timely and meaningful feedback wasdtteer proposed activity in moderation
of lab report assessments. The idea of gettingno@ &and meaningful feedbacks about their lab
reports was supported positively by almost 68%nefdtudents. 5.23% of the respondents have no
comments and about 25.5% have opposed the procetiunely and meaningful feedback is
essential to learning and to sound assessmentgaraBtalancing learning goal and efficiency is a
key aspect of effective feedback. The most usefuh$ of feedback are those which help students

learn most effectively and help teachers work nedfstiently [14].
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Another proposed procedure to reduce inconsistbatiyeen instructors during marking
lab reports was to use marking guides (criteriaprédvithan 63% of the students suggested that
instructors should prepare and use marking guidaaglassessment of lab reports. Some 24.34%
were neutral and the rest 12.5% did not suppoMarking guides make explicit to the students
the criteria against which their work will be asssand they can be a comprehensive and efficient
feedback tool. A marking guide is advantageou$at it makes assessment processes open and
accountable, provides diagnostic feedback to stsdmmd staff on students’ learning so far, helps
students develop, revise and produce better quabik as they do not have to guess what the
assessor is looking for because the most valuebmgs of the assessment are clear. It improves
comparability when there are several assessorsantie raused [15]

Table 3: Students’ responses on proposed procedoresnimize teachers’ discrepancies in
marking lab reports
No Proposed procedures Students’ responses

SAA N D SD Av Sd*
1 clear instructions and all informatio9 72 14 5 3 417 0.872

initially
2 reports of the same experiment should

marked by the same instructor 72 43 16 13 9 402 1.71
3 provide lab report marking guide 57 39 37 19 - 3.86.097
4 give specific formats for lab report writin 42 65 17 22 8 3.67 1.204
5 give on time and meaningful feed-backs 25 79 8 32 BS50 1.166
6 give pre-lab and post-lab exercises 41 49 18 33 12 3.48 1.303

Sd* = standard d¢ian
Furthermore, 58.8% showed their interest in handingre and post lab exercises along
with the formal lab procedures. 11.76% remain ra¢atnd 21.57% assert that no pre and post lab
exercises are required. For many experiments, stsigee required to have a complete, written
pre lab activity before they are allowed to worktba experiment. In order to truly understand lab
and to be able to draw appropriate conclusionsaeér must first carefully consider the how,

what and why of a lab practice. Research has shbatrstudents who have a written preparation
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for lab are safer, more efficient and have a beftelerstanding of how the lab connects to theory
[16].
3. Students’ responses on effects of assessmenbtigh moderation on their achievement

Depending on results of students’ opinions on agjias to minimize discrepancies in
marking lab reports, a moderation procedure tosasstidents’ laboratory reports was proposed
and implemented. The procedure consisted of progidiear instruction about report writing,
specific formats, pre-lab activities and exerciseg]l designed marking guide (rubric) and
immediate and meaningful feedback. The instructitais report formats and marking guide are
shown in appendices 1 and 2.

The data in table 4 showed 122 students out 0{8366%) have agreed that the proposed
assessment moderation helped them improve thertreypiting skills and achieve better results.
Table 4: Students’ responses to the effects of madida on their learning
Did the instructions, lab report formats, pre-lattiaties, feedbacks and marking guides

(moderation procedures) provided by the instruckedg you improve your skills in writing lab
reports and achieve better results? Indicate yarksn(out of 60%).

Answer Number of students Marks out of 60 %
Responding 30-40 41-50 51-60

Yes, very well 32 - 19 13
Yes, to some extent 77 - 51 26
No, | achieve better by my own effort 13 2 4 7

No, it doesn’t help me 10 2 5 3

No, the instructors become more 14 1 8 5
strict

Thirty two students (21.9%) remarked it helped thesny well, 77 students (52.7%)
responded the moderation made them improve to sxteat, 13 students (8.90%) have shown
improvement but they argue it came from their ovfore 24 students (16.44%) responded
negatively. 14 (9.59%) claimed the procedure magé&uctors more strict during marking the
reports. Students’ results shown table 5 also indicated that they have made significant

improvements after the implementation of the assess through moderation. The students’
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responses on the effects of the moderation a&svin their achievement match with findings of

research [12, 15].

Table 5: Average marks (out of 10%) issued by diffé instructors before (1) and after (2)
moderation procedures

Before/after Mark given by three Instructors
Experiment No moderation A B C
1 1 7.83+0.29* 8.67 £0.29* 6.17+0.29*
2 8.33+0.29 817+£0.76 8.33+0.29
2 1 7.33+0.76 8.17+0.29 6.83+0.29
2 7.83+£086 9.17+0.29 7.17+0.76
3 1 8 6.83+£0.29 6.5+0.87
2 8.67+0.29 9.17+0.58 8.17+0.86
4 1 75+0.5 7.17+1.04 6+0.50
2 8+0.5 8.83+£0.29 8+0.50
5 1 783+064 8x05 6.5+ 0.50
2 8+0.5 9 9+0.50
6 1 8+0.5 7.67+0.58 6.5+0.87
2 9+0.5 9.33+0.29 8.83+0.21
Average 1 7.75+051 7.67+0.57 6.42+0.60
2 8.42+0.37 895+0.44 8.25+0.57

Standard deviation
4. Comparison of discrepancies between and withimstructors in marking lab reports
before and after moderation

When assessing multidisciplinary lab reports, indtrs with different backgrounds can
focus on different aspects of the report and they aose different marking criteria. These
discrepancies have traditionally been analyzed &lgutating and comparing the mean and
variance of the marks of each instructor. In adabrse with a high student-to-teacher ratio, the
number of lab reports to assess is too large ®atilable advising hours, so the usual procedure
adopted is to have a large number of instructorslred in the course. However, the larger the
number of instructors, the higher the risk of magkdiscrepancies is [12].

Differences between the mean values of the vamearks students received in this study

were evaluated by student’s paitetst. In pair-wise studenttstest, the experimental t-statistic

value is calculated using the equation:
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X1 — X3

tex
P VAxB
and B=(n-1)S%+ (- 1)S?

nil+n2
nin2

Where A =

The number of degrees of freedom for findingttkalues is (n + rp) — 2, where pand n
are number of replicate copies of lab reports naiReinstructor 1 and 2 respectively, andrsd
$ are the corresponding standard deviations,,|f is smaller than the tabulated t value at 95%
confidence level, no significant discrepancies leefavthe two means has been observed. On the
other hand, ift.,, is greater than the value obtained from tablecitgis that there is a significance
difference between the means.

The data of table 6 indicated the prevalence ofiscgnt discrepancies between instructors
during marking lab reports. Instructors A and B magnificant differences in three of six lab
reports before the moderation procedures as comhgarenly one significant difference after
moderation. Also, three significant differences @vebserved between instructors A & C, and B
& C each before moderation. No significant discrep@as were seen between A & C after
moderation while one significant difference occbetween B & C. Concerning the overall
averages, significant differences were made betwe&rC and B & C before moderation but no
differences are made after implementation of mdaera

The results intable 7 also indicated that there were discrepancies withstructors
themselves before and after implementation of Hsessment procedure in marking lab reports.
There was only on significant difference within thearks given by instructor A while four
significant differences were observed (out of gikhin the marks delivered by each of instructors
B and C. The statistical data showed the proposecedure helped reducing the discrepancies

made between a number of teachers providing the saorse for different groups and classes of
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students. This fact is especially relevant whenntiaeking workload is large and does not allow
each lab report to be assessed by few instructors.
Table 6: Pair-wise comparison between mean valuesks issued by different instructors using

statistical student’s t values at the 95% configelavel before (1) and after (2) moderation
(student’'st-statisticsat 95% CL for 4 degrees of freedom is 2.78)

Averages Before/after ExperimeN
compared moderation 1 2 3 4 5 6 Av.
1 3.55* 3.55* 6.99* 0.49 0.36 0.75 0.18
Avs.B 2 0.34 2.56 1.33 2.49 3.46* 0.75 1.60
1 4.77* 1.06 2.96* 3.67* 2.77 2.59 2.93*
Avs.C 2 0 0.99 0.95 0 2.45 0.42 0.43
1 10.56* 5.66* 0.62 1.76 3.67* 1.94 3.18*
Bvs.C 2 0.34 4.26* 1.67 2.49 0 2.42 1.68

*significant differences existween the mean marks

Table 7: Pair-wise comparison between mean valu@suks issued by the same instructor before
and after implementation of moderation using diaésstudent’s t values at the 95% confidence
level (student’'s-statisticsat 95% CL for 4 degrees of freedom is 2.78)

Eeqgiment No
Instructor 1 2 3 4 5 6 Av
A 2.11 0.85 4.00* 1.22 0.36 2.45 2.28
B 1.06 4.22* 6.25* 2.66 3.46* 4.43* 3.89*
C 9.12* 0.72 2.36 4.90* 6.12* 4.51* 3.83*

*significant differences exist within the meannksa

CONCLUSIONS
The researcher who was involved in the preparamhimplementation of the moderation
procedure reported the following conclusions amdmemendations.

* One of the keys to success (or failure) of modenatif assessments in written subjective
assessments seems to be related to the mannercin thby were implemented and how
well the students were instructed about how tatlhisg@rocedures. The instructors reported
they believed thatSlyear students require more guidance and instructtwout report
writing.
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Another key to the success of the rubric is theedrgpce that the students have with the
material. For students with little experience vathassignment such as lab reports, material
such as sample reports or checklists are needsdpgement the formats and marking
guides as a tool for students to understand wleatpected with an assignment.

Lab reports marked with a marking guide typicalpdha larger spread in marks than
assignments corrected without a marking guide. Hppeared to be caused by the
instructor being forced to apply a predeterminethdard with a marking guide. It was
easier as a marker to give a high or low mark oelament of an assignment when it was
clear what the standard was. One result of the im@rwas that the students had set
standards to work toward which resulted in bettgorts by the end of the semester than
semesters without formats and guides.

Instructors collaboration during the development amplementation of assessment
through moderation appear to be important to thadsrdization of the marking. In the
case of a lab course, the team of instructors degnlithe rubrics including the rationale
behind the objectives and criteria. These effogtsnged to be important in the relative
success of using moderation to standardize the intarkn the absence of assessment
through moderation, the students had many complaimbut non-consistent marking with
different instructors.

The students appeared to pay more attention tariteria when they were given the
formats and marking guides well in advance of #port writing and asked to use them to
evaluate their own work prior to handing in the taports.

Once students become comfortable with instructidas, report formats and marking

guides, they can provide valuable feedback in tloeleration refinement process. The
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students in each of the lab experiments provideplarfeedback and opinions, some of
which were very useful to the refinement process.@xample, it became especially clear,
that the first year students needed extra suppadrtiatail in the moderation.

» Comprehensive and well-written instructions, latmfats and marking guides can help the
students understand the professional standards winieh their future work as practicing

chemists will be evaluated.
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Appendix 1: Instructions and lab report formats

Title Specific, clearly conveys purpose of lab, can Heeddated on subsequent pages.

Date On first page, original date of starting lab adtes

Lab Partners Clearly listed on first page of lab report

Purpose One sentence or two explaining the purpose of thgerdment or the problem bein

< Q

investigated, Be specific but concise, this shoeldte directly to the conclusion you will dra
you may want to add to or change your purpose aéismpleting the lab.

Materials Complete list in columns or bullets

Procedure Written as a list of numbered steps.

Steps taken are specific enough so that someonfamdiar with the lab or your work could
do the procedure and repeat your results, Changeetedure within a trial can be documented
in observations, and you may need to include sgfeigedures if any.
Data Tables Make table(s) large enough to write in, You mayehty create your own table(s) if one is not
given on your manual before coming to class. T

Title: Placed at the top of the first page, this shouttlighe the title of the experiment, the name(s)
of the person(s) performing the experiment, anditite it was performed.

Objective: This is a statement of the purpose of the lab. Wanatthe main reasons you are
performing this experiment? Be specific...don't pestate the title or copy the generic objectives
from the given lab manual.

Equipment: A bulleted list of all the equipment and chemicadsi will use in this experiment
Procedure: A numbered sequence of steps you followed as ydonpe the experiment. Try to
be brief, but include enough detail in passive &@o others can follow this in the lab.

Data / Observations:This is where you record all the measurements asdrgations you made
during the lab, and attach any tables, graphs bhadsgenerated during or after the lab to display
your data. All data should be organized into latdelata tables with correct significant figures and
labeled units. Graphs and charts must includestiiges labels and units where applicable.
Calculations: You must show at leasnesample calculation for each piece of data in yabtet
that was not simply a measured value. For exanifpyeu record the number of moles of NaCl,
but you obtained that from measuring the mass @INau must show in the calculations section
howyou got the number of moles from the mass. If ywlitkis step in five different trials, only
one sample calculation is sufficient.

Data Analysis: This is the main part of the lab report where poeisentthe data you collected,
discusshow you obtained the data (explain calculations,daun’t restate procedure) andalyze
why the data is relevant. This section of the labutd contain only statements you can support
with your data, NOT your opinions. Every statem&mbuld be backed up by quoting your data
and/or referencing by title, relevant tables, chart graphs within your report. For example, in
your “data” section you recorded the freezing poininknown sample #1 to be®G. In the “data
analysis” section you will further analyze thataldWWe used an electronic temperature probe and
determined the freezing point of sample #1 to b¥C-Bs noted in Figure 2 by the flat portion of
the curve. This shows that the addition of a salhtCl) lowered the freezing point by’6 when
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compared to the curve of the pure sample showigur& 1." This will undoubtedly be the longest
and most difficult section to write up in every laport.

Conclusion: This is a brief paragraph where you: restate ydyjeaive, quote data that proves
you met or did not meet the objective, describesiids sources of error and how they affected

your data and suggest how to improve your resiitsu were to repeat the experiment

Appendix 2: A marking guide to a lab report

Heading Criteria Performance level Points
Purpose of the experiment stated in one's ownw({ No = --—-—--—--—- 0
Aim/objective using clear, simple sentences Good - 1/2
Very good --------- 1
Conceptuality, relevance to topic significan
Introduction language usage, clarity Good - 1/2
citation available Very good --------- 1
Detailed steps written in passive voice Fair - 1/2
Methods/ Methods of data analysis included Good - 1
Procedures Relationships between dependent and indepen Very good --------- 2
variables indicated
Data collected in table formats Fair - 1/2
Results Graphs are available Good - 1
Graphs and tables are labeled well Very good --------- 2
Discussion Chemical equations, if any Fair - 1/2
Calculations done properly Good - 1
Discussion if the results agree with theory | Very good --------- 2
hypothesis
Any possible sources of errors discussed
Any attempt to reduce error indicated
Over all | Cover page style
Lab report Neatness and readability Good 1
structure Tables and graphs have title Very good 2
Pages are numbered
Total points 10
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