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Introduction 

Training teaching assistants (TAs) to teach the science and technology that are 

integral to the undergraduate laboratory is difficult; to instill the affective and human 

dimensions of teaching is even more so. To inform and support this task in our TA 

training program, we investigate some behavioral characteristics that lead to student 

satisfaction.  Our inspiration was the seminal work of Murray (1977, 1980), who studied 

the correlation of classroom behaviors of social science lecturers with student ratings.  He 

found that the frequency of behaviors such as 'speaks expressively', 'tells jokes or 

anecdotes', 'enthusiastic', and 'shows strong interest in subject matter' were significantly 

different for high, medium, and low rated groups of lecturers 

The frequency and nature of the interaction between teacher and student, as well 

as the affective behaviors of the teacher are crucial elements in the instruction process.  

McLeod (1996), for example, found that an increase in interpersonal exchanges often 

facilitates more effective periods of learning, while Pankratz (1967) demonstrated a 

strong correlation between the student rating of teachers and the length of the teacher-
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student interaction.  In addition, Frymier (1993) found that students beginning the term 

with either low or moderate motivational states were found to have increased levels of 

motivation later in the term when exposed to a highly immediate teacher. Henderson et 

al. (2000) found strong correlations between students’ perception of interpersonal teacher 

behavior and student attitude in biology laboratories.   

  In terms of affective behaviors, Haskins (2000) found that teachers use behaviors 

such as vocal variation (pace, inflection, volume, vocal expressiveness, etc.) and visual 

variation (facial expressions, smiling, eye contact, gestures, movement, etc.) to help 

communicate subject matter.  McCrosky and Richmond (1992) confirm that these verbal 

and non-verbal behaviors enhance student learning and students’ liking for the subject 

matter. She and Fisher (2002) found that students’ attitude and cognitive achievement in 

science were higher when students perceived their teacher as giving more encouragement 

and praise, more nonverbal support, and being more understanding and friendly.  Finally, 

McDowell (1993) found that even 60-80% of TAs in his study rated ‘friendliness’, 

‘communicator image’, ‘impression leaving’, ‘attentiveness’, and ‘animated' more 

positively than other style variables. 

Arreola (1995) has examined many of the criticisms leveled against student 

evaluations of teachers.  Student evaluations have been criticized on the grounds that 

students are not sufficiently mature or knowledgeable to make reliable judgements.  This 

criticism has been effectively refuted; the studies of, for example, Costin et al. (1971), 

Gillmore (1973), and Hogan (1973) find consistently high correlations between student 

ratings of the same instructors and courses from year to year.  Another criticism is that 

student ratings of teachers are little more than a popularity contest in which students 
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reward teachers who exhibit immediacy and warmth.  However many studies by 

Aleamoni (1976), Frey (1978), and Arreola (1983), among others, show that students can 

well distinguish between instructional effectiveness and affective behaviors that lead to 

high popularity.  Some observers have complained that student ratings of teachers are 

little more than a popularity contest in which students will reward teachers who give 

them high marks.   However, in his survey of the extensive research on this question 

Arreola (1995) concludes that  'the belief that student ratings are highly correlated with 

their grades is not supported by the literature'.   

We designed two instruments to investigate some of these questions; the first 

recorded the frequency and the nature of the interactions of our TAs with their students, 

and the second provided student evaluations of the TAs.  We were interested in 

determining whether students preferred to initiate the interactions with their TA, or to 

wait for the TA to do so.  We also wanted to determine the affective behaviors that were 

highly rated by students.  Our student evaluation questionnaire followed closely the work 

of Murray (1977).  It included a set of questions that measured the students' evaluation of 

the quality of the Assistance they received, the Fairness of their TA, and the Influence the 

TA was perceived to exert in instilling positive attitudes towards physics.  Since most of 

the students in our study will study no more physics after graduating from the first year 

course, we were particularly interested in the TAs' ability to influence their attitudes to 

physics that will presumably last into later life.  

The Study 

In our largest first year physics course, as in many introductory courses, the 

lecture section is complemented by a laboratory session in which the student s meet in 
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small groups under the supervision of a graduate student employed as a laboratory TA 

(TA).  The small class size, the closeness in ages of the students and their TA, and the 

easy accessibility of the TA leads to the expectation that these sessions will have an 

important influence on students’ appreciation of the laboratory and of experimental 

physics. 

Student motivation for physics in this course is not high since most of the students 

take physics only as an entry to life science programs. We hypothesize that TAs who 

have more frequent and more empathetic interactions with their students will promote the 

highest satisfaction with the course and the most positive attitudes towards physics.  We 

selected nine highly qualified TAs for our study; all were senior doctoral students in good 

standing who had taught the course at least once before. 

Our data was collected using two instruments; the Student Evaluation of the TA 

(SETA) and a TAs' Behavior Catalogue (TABC) (see appendix). The 15- item SETA 

provided student ratings in three main categories: the Assistance provided by the TA, the 

Influence of the TA on student attitudes to physics, and the Fairness of the TA.   The 

Total student evaluation that included all three categories was used to classify the TAs 

into High, Moderate, and Low levels of student satisfaction.   

The second instrument, the TABC, was an observational instrument we designed 

to measure two types of interactive behavior of TAs.  The first type was ‘interactive 

behavior’ measured by the frequency of interaction and identified as either Student-

Initiated (SI) or TA-Initiated (TI).  The second type was ‘affective behavior’ (smiles, eye 

contact, etc.) measured using a 7-point Likert Type Scale.  A later factor analysis of the 

affective behaviors measured by the TABC yielded three categories; ‘Amiableness’, 
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‘Calmness/Clarity’, and ‘Aggressiveness’.  Six observers completed the TABC for each 

of the nine TAs. Figure 1 summarizes the details of the study. 

Finally, we administered a short multiple choice Pretest and used the results of the 

multiple choice laboratory test taken by all students at the end of the course to check that 

the students in our study did not differ significantly in preparedness or final achievement. 
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Figure 1. Schematic flow chart of the Study. 
 

The Laboratory 

Approximately 1500 students from four different physics courses attended the 

first year physics laboratory in the fall of 1999.  Students attended three-hour lab sessions 
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every other week for a full academic year.  44 TAs supervised the students in groups of 

10 to 18, as they guided them through a common set of experiments.  The aim of the 

laboratory was to teach experimental science; to this end the TAs worked closely during 

the session with the students in their group, paying attention to experimental technique 

and the acquisition and analysis of data.  The TAs marked the students’ work as recorded 

in their laboratory notebooks and evaluated their performance in the laboratory.   Most 

TAs supervised two groups of students. 

 The laboratory was quasi-traditional in nature.  Although many of the experiments 

were verification experiments (the value of the acceleration of gravity, Ohm’s Law, etc.), 

the laboratory manual did not present the experiments in step-by-step form.   It merely 

presented the background theory, indicated the various different aspects the students were 

required to study through experiment, gave hints, and asked leading questions.  The 

students were required to do a good deal of thinking for themselves in order to conduct 

the experiment and provide a detailed laboratory report.  Students were also required to 

keep track of all sources of error and account for them with stringent error analysis.  Six 

hours were allotted to each experiment. 

Method 

Pretest & Labtest 

 We administered a pretest to all students in the laboratory at the start of the 

academic year (September 1999).  The pretest had six multiple-choice questions on basic 

laboratory skills such as interpreting or extrapolating information from graphs.  At the 

end of the academic year (April 2000) students sat a written multiple-choice laboratory 

test that probed their understanding of the experiments they had performed.  We used this 
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as a measure of student learning in the laboratory in the absence of a practical test that 

might have had more direct relevance to the teaching of the TAs. 

Systematic Observation 

 Pilot testing for this study was conducted in the summer 1999 session and the 

beginning of the fall 1999 session of the first year physics laboratory.  Our measurement 

instrument (TABC) was modified several times leading to a final version that was easy to 

use, measured specific interactive and affective behaviors of interest, and provided good 

inter-rater reliability (see Table 1, below). 

During the month of November 1999, systematic observation was conducted 

using the TABC.  In order to reduce sources of variation due to beginner anxiety or 

ignorance of the experiments we chose qualified TAs who had previously taught this 

laboratory.  Our resources allowed us to study nine TAs out of the 16 who fit the criteria. 

The final choice was made on the basis of compatibility of schedules between the hours 

of the laboratory sessions and the observers.  As might be expected from a total 

population containing only nine females out of 44, TAs chosen by this method were 

exclusively male.  We observed each TA for approximately two hours of three different 

laboratory sessions (approximately six hours of total observation time per TA) with at 

least two different groups of students.  Each TA was observed by all six observers, 

working in a different pair, for each of the TA’s three sessions. 

Student Evaluations 

To determine the level of student approval and satisfaction we developed an 

evaluation instrument, SETA.  As is shown in Appendix 1, questions concerning the 

students’ attitudes to Physics and to the Laboratory were also included.  A total of 657 
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evaluations were collected, 201 of which were from students supervised by one of the 

nine subject TAs.   

Student Interviews 

 In order to obtain qualitative as well as quantitative data and to modify and 

validate the SETA, we conducted several student interviews (March 2000).  The tape-

recorded interviews were conducted with groups of two students (whenever possible with 

one male student and one female) chosen at random from one of the groups of each of the 

nine subject TAs.  The interviews focused on the students' reflections and responses to 

the SETA items as well as allowing them to respond to more open-ended questions 

regarding their TA’s behavior.  The interviews thus provided us with qualitative data for 

each of the nine TAs we were studying (see Appendix 2).    

The Measurement Instruments 

A TAs' Behavior Catalogue (TABC) 

   There exist a wide variety of instruments that have been designed to observe 

teaching.  The early work of Pancratz (1967), for example, concentrated on the content 

and frequency of classroom interactions between teacher and student.  More recently, the 

Reformed Teaching Observation Protocol (RTOP) allows mathematics and science 

teachers to reform their teaching by having their lessons observed and scored on a variety 

of measures from lesson design to classroom culture using RTOP (MacIsaac and 

Falconer, 2002).  Similarly, the Horizon Research Group’s protocol rates mathematics 

and science lessons on lesson design, implementation, mathematics/science content, and 

classroom culture through structured observation and provides an overall rating of the 

lesson (Weiss et al., 2003).  The goal of RTOP and the Horizon’s protocol is to rate 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

lessons on various measures thereby determing the quality of instruction and identifying 

the areas needing reform.   

 Other instruments have also been designed to measure teacher behavior or 

classroom environment in the form of questionnaires rather than observation protocols.  

For example, the Questionnaire on Teacher Interaction (QTI) measures students’ 

perceptions of interpersonal teacher behaviour and the Science Laboratory Environment 

Inventory (SLEI) measures students’ perception of the laboratory environment 

(Henderson et al., 2000).  The Teacher Communication Behavior Questionnaire (TCBQ) 

has been used to evaluate both students’ and teachers’ perceptions of science teachers’ 

interpersonal communication behaviors (She and Fisher, 2002).  Although the measures 

used on QTI and TCBQ are similar to our TABC measures, the TABC is an observation 

instrument and not a questionnaire.  But unlike RTOP and the Horizon’s Protocol, our 

purpose for observation is not to rate the instruction but merely to catalogue the behaviors 

exhibited by the TAs.   

The questions on RTOP and similar protocols require a teacher whose range of 

movement and behavior is fairly well-defined within a limited physical space, whose 

lesson plan is pre-prepared and structured, and whose speech can be clearly heard.  The 

atmosphere in our large laboratory is quite inimical to such subtle observation.  Also, 

these protocols and others we investigated address many issues that are not relevant to the 

instruction of a TA in a laboratory setting.  Indeed trial runs with questions similar to 

those of these protocols yielded unacceptably low reliability coefficients. Given these 

difficulties, we designed the TABC for the explicit purpose of systematically recording 
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certain interactive behaviors of the TAs that could be clearly and unambiguously 

observed in this complex environment (see Appendix 3).  

The first section of the TABC records a simple count of the interactions between a 

TA and one or more students.  Each interaction is classified as either a Student-Initiated 

Interaction (SI) or a TA-Initiated Interaction (TI).  SI is identified by a verbal initiation or 

a gestured prompt (for example, raising a hand) on the part of a student; similarly for TI 

on the part of the TA.  A third category recorded on the TABC is No Interaction (NI) 

which classifies time periods of 20 seconds or more where the TA is not interacting with 

studentsi.  The two main variables used in analyses of data from this section were 

(SI+TI), which measures the total number of TA interactions per student per ten-minute 

period, averaged over the student groups of each TA, and TI/(SI+TI), which measures the 

fraction of these interactions that were initiated by the TA. 

The second section of the TABC measures 24 different inter-personal or affective 

behaviors of the TA.  The behaviors include categories such as enthusiasm, clarity, eye 

contact, smiles, frowns, etc.  Observers watched for these behaviors throughout the 2-

hour observation period and at the end of the period they gave a score for each of the 

behaviors on a 7-point Likert Type Scale. The three main variables used in analyses of 

data from this section were ‘Amiableness’, ‘Calmness/Clarity, and ‘Aggressiveness’, 

constructed from the individual affect categories. The description of the three variables 

and how we arrived at them is described below in the section entitled G Study. 
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Reliability of the TABC 

Inter-rater Reliability  

 The TABC was considerably modified and simplified during a pilot study to 

ensure inter-rater reliability – i.e. that different observers, observing the same TA on the 

same occasion would agree by more than chance agreement.  The results for Cohen’s 

kappa (Cohen, 1960) for each TA are shown in table 1; values of 0.70 are considered 

satisfactory. 

Table 1.  
Inter-rater reliability for pairs of observers. 

 
TEACHING ASSISTANT COHEN’S KAPPA 

1 0.80   0.71   0.84 

2         0.74   0.83     -                        

3 0.88   0.87   0.83 

4 0.84   0.82   0.83 

5 0.86   0.78   0.81 

6 0.95   0.78   0.87 

7 0.64   0.64   0.66 

8 0.69   0.78   0.72 

9 0.74   0.87   0.77 
 

G Study  

A Generalizability Theory study (Shavelson and Webb, 1991) is a measure of 

reliability that indicates how well the results of the study can be generalized (are 

consistent), despite multiple sources of variability.  In our case these sources of 

variability are different occasions of measurement, different observers, and extraneous 

unknown effects (such as a change in environmental conditions from one occasion to the 

next, a momentary lapse of the observers’ attention, etc.).  The magnitudes of variability 
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due to each source are used to compute a G coefficient, which measures how well the 

results can be generalized across all sources.  For example, how well performance on one 

occasion can be generalized to performance on all occasions, or how well observations by 

one observer can be generalized to all observers.  A G reliability coefficient value of 0.7 

or greater is taken to be acceptable (Nunnaly, 1978).   Table 2 lists the percentage 

variances for the different sources of variability in our experiment ii for the five TABC 

measures: the first two, (SI+TI), TI/(SI+TI)), from the interaction behaviors section and 

the last three (‘Amiableness’, ‘Calmness/Clarity’, ‘Aggressiveness’) from the affective 

behaviors section.   The G coefficients for all five measures are greater than 0.75, 

indicating that all of the five measures are generalizable over occasions, observers, and 

extraneous effects.    

Table 2.  
G Study Results. 

 

SOURCE SI+TI TI/(SI+TI) Amiableness 
Calmness/ 

Clarity Aggressiveness 

TA  58% 53% 81% 27% 61% 

Occasion 31%  32% 5% 17% 8% 

Observer 0% 4% 11% 48% 27% 

Extraneous  10% 11% 2% 8% 4% 

G coefficient 0.85 0.83 0.97 0.76 0.94 
 
 

The variance due to TAs dominates for four of the five measures with 58%, 53%, 

81%, and 61% of the total variance in these cases being due to differences in the TAs.  

The one case where the variance due to TA does not dominate is the measure 

Clarity/Calmness (27%) which indicates that this measure is not as reliable for 

distinguishing between TAs as the other four. 
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For (SI+TI) (total number of interactions) and TI/(SI+TI) (ratio of TA initiated 

interactions to total interactions) the variance due to occasion (31% and 32% 

respectively) is much greater than the variance due to observer (0% and 4% respectively).  

This result is expected since both SI and TI are frequency counts, which should not differ 

significantly for reliable observers but may very well differ on different occasions 

depending on the students in the class, the stage of the experiment reached, etc. For 

‘Amiableness’, ‘Calmness/Clarity’, and ‘Aggressiveness’, the variance due to observer 

(11%, 48%, and 27% respectively) is much greater than that due to occasion (5%, 17% 

and 8% respectively); indeed the affective behaviors that describe a given TA might be 

expected to vary less from occasion to occasion than the subjective judgement of these 

behaviors by different observers.  

Validity of the TABC 

 The validity of an instrument depends on whether it measures what it is intended 

to measure.  The question of validation of the TABC arises in the identification of an 

interaction and the differentiation of interaction types by the observers. To ensure that our 

observers were actually recording interactions and categories that fit our definition, we 

conducted training periods using verbal discussion and group observation to clarify our 

definitions by pointing out explicit examples of interactions and interaction types.  In this 

way we confirmed that all observers were recording the same measure of an interaction.  

The affective behaviors scale of the TABC was similarly validated through extensive 

clarifications between the six observers on all the 24 affect categories as well as on the 

seven points of the Likert Type Scale for each category.   
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Student Evaluation of the TA (SETA) 

 The SETA consisted of 15 items on a 5-point Likert Type Scale (see Appendix 1).  

The first 14 items focus on questions about the TA’s knowledge and performance, inter-

personal attributes, and influence on student attitudes.  The last item, question 15, asks 

students for a rating of the Laboratory independently of their rating of their TA. 

Reliability of SETA 

 An analysis of internal consistency was used to establish the reliability of the 

SETA.  Internal consistency reliability indicates the extent to which items correlate 

among themselves (Sax, 1997).  The reliability coefficient we used was coefficient alpha 

(Sax, 1997); a value of alpha greater than 0.7 establishes reliability (Nunnaly, 1978). The 

SETA scale turned out to be highly internally consistent with a coefficient alpha of 0.95. 

Validity of SETA 

 The validity of the SETA is based on student interviews that focused on students' 

reflections and responses to the SETA items.  Through these interviews, the SETA items 

were modified and reworked to remove ambiguities in wording and interpretation and to 

ensure that each item measured what we intended it to measure.  In addition, a factor 

analysis was also performed on the SETA scale results.  A factor analysis identifies the 

minimum number of factors that account for test variance (Sax, 1997).  In our case, the 

factor analysis resulted in a one-factor solution, indicating that each item on the SETA 

scale was highly correlated.  This corresponded to our intention that each item, which 

measured some aspect of the TA’s behavior, indeed provided a consistent contribution to 

the overall evaluation of the TA.  
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Results & Discussion 

The SPSS statistical package and guide (SPSS Guide, 1999) were used to provide the 

analyses discussed in this section. 

Pretest and Labtest 

An Analysis of Variance (ANOVA) of the pretest scores alone gave non-

significant results across the subject TAs.  This indicates that all the subject TAs’ groups 

were at a similar level of student ability at the start of the study, thus providing a good 

starting base.  An ANOVA of the laboratory test and of student test gain (from pretest to 

laboratory test) indicated no significant differences across the nine subject TAs.  Hence, 

the students in our subject TAs’ groups were also at the same ending level in terms of 

learning.  In addition, there was no correlation between the student evaluations and 

student test gain. Thus, it appears that student ratings were not affected by student 

learning as measured by these tests. 

It should be noted that we have reservations about the level to which these tests 

measure deeper student learning in the laboratory.   In undergraduate laboratories that 

mimic real- life experimental research, there are many complex demands made on 

students and many types of learning that are not well quantified using standard tests; the 

ability to understand unfamiliar equipment, to gracefully negotiate complex instructions, 

to design elegant and efficient experimental solutions to unforeseen and unforeseeable 

practical problems, etc.  The teaching of experimental physics is a much more complex 

activity than lecturing or tutoring - at least in the complex, many faceted experience of 

which our laboratories are good examples - and the identification of meaningful 

laboratory-specific learning in such large classes is very difficult, if not impossible. The 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

pretest and post-test (laboratory test) available in our study were certainly inadequate for 

such a purpose.  In addition, the first year physics laboratory occupies a very small part of 

the typical course load of five full year courses, at least two of which have their own 

laboratory (e.g. Chemistry and Biology); the physics laboratory counts for only 20% or 

so of the overall mark in the physics course.  It would be surprising if the physics 

laboratory had a clearly measurable impact on students' overall learning.  For this reason 

we chose to concentrate on student satisfaction.  

Student Evaluation of the TA 

A factor analysis of the SETA data resulted in a one-factor solution, indicating the 

consistency of all the items.  We therefore define the Total evaluation to be the sum of 

the scores on all items of the SETA except the last, which evaluated the laboratory alone; 

this Total was used as a convenient single measure of the student evaluation of the TA.  

However, the questions on the SETA fall naturally into categories that help clarify the 

later analysis: when we force multi- factor solutions, it becomes evident that two of the 

questions are inconsistent with the rest.  Omitting these two questions, we obtain a 

solution with three major factors shown in Table 3.   We label these three factors 

Assistance (in guiding the student), Influence (on the student’s attitude to physics), and 

Fairness (in marking and treatment of the student).  

Table 3.  
Category groupings for the SETA. 
 

FACTOR CATEGORY GROUPINGS 

Assistance Availability, Usefulness, Communication Skills, 
Knowledge, Overall. 

Influence Enthusiasm, Influence, Stimulation, Inspiration. 

Fairness Fairness in Marking, Friendliness, No Favourites. 
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An ANOVA done on the Total student evaluation scores resulted in a significant 

difference (F(8,190)=3.732, p<0.001) across the nine subject TAs.   The Tukey Post Hoc 

test resulted in the separation of the subject TAs into three homogeneous subsets with 

three TAs per subset.  These three subsets were labeled High, Moderate, and Low, to 

distinguish the levels of student satisfaction with the TA.   

SETA question 15 asks: 'Independently of my rating of my TA, (what is) my 

overall rating of the First Year physics laboratory….'  The correlation of the Total 

evaluation with the answers to this question was positive and highly significant for both 

the nine subject TAs (r=0.320, p<0.001, N=201) and the entire population of 44 TAs 

(r=0.367, p<0.001, N=614).  Thus students’ appreciation of the laboratory and 

experimental physics is directly related to how they perceive their TA.  

There is some evidence that students tend to evaluate more highly those teachers 

from whom they receive higher grades (Lewis, 1998).   Indeed we observe such an effect; 

however, it is not a simple one.  While a correlation of the Total evaluations of the TAs 

with the mark that they assigned was positive and significant for all 44 TAs, it was not 

significant for the nine we studiediii.   A clearer picture emerged when the three 

categories of the SETA were examined separately.  The correlation of the TA assigned 

mark with the Fairness category was indeed significant and positive for both groups of 

TAsiv.  However, correlations with Assistance and Influence were not significant for 

either group.  Apparently students can discriminate between their TA’s effectiveness in 

providing assistance in the laboratory and in positively influencing their attitudes to 

physics from the mark that their TA assigns them.  This result is in good agreement with 

the results reported in Arreola (1995)  
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Interactive Behaviors measured by the TABC 

ANOVAs 

The High, Moderate, and Low rank subsets of TAs, distinguished by student 

evaluations, were compared in terms of the interactive behaviors they exhibitedv. We 

observed significant differences (F(2,51)=17.313, p<0.001) between the three groups in 

terms of the fraction of total interactions that were TA-initiated (TI/(SI+TI)).  Also, the 

total number of interactions (SI+TI) was significantly different (F(2,51)= 4.479, p<0.01) 

between the Low group and one that combined both Moderate and High groupsvi.  There 

was no significant difference, however, between the Moderate and High group.  The bar 

charts in Figure 2 illustrate these results.    

 

Figure 2.  Bar charts of mean values of (a) TI/(SI+TI) and (b) SI+TI for High, Moderate, 
and Low rank demonstrators. 
 
Correlations 

 Correlations were measured between the interaction variables (SI+TI, TI/(SI+TI)) 

and the various categories of the SETA (Total, Assistance, Influence and Fairness).  

Table 4 shows the correlation coefficients.   
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Table 4.  
Pearson correlation coefficient (r) between interaction and SETA categories. 

 

CORRELATIONS Total Assistance Influence Fairness 

N 9 9 9 9 

TI/(SI+TI) 0.799*
* 

0.675* 0.875** 0.791* 

SI+TI 0.596* 0.613* 0.618* 0.345 
 
*significance level p<0.05, ** significance level p<0.01 

 
 

Figure 3 shows the regression plots of the interaction variables with the Total category.  

The correlation coefficients between the Total evaluation and the interaction categories 

are positive and significant.  As suggested by previous results, the fraction of TA-

initiated interactions is more strongly correlated with the SETA categories than the total 

number of interactions; this is most evident for the Influence category.  We might guess 

that this latter variable is related to the attention, and, by implication, the concern that the 

TA shows towards the students. This concern might be expected to be important in 

influencing the students’ attitude towards physics.  
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Figure 3.  Regression plots of average Total student evaluation of demonstrator versus  
(a) TI/(SI+TI) and (b) SI+TI. 
 
Affective Behaviors measured by the TABC 

Factor Analysis 

 A factor analysis of the 24 categories measured in the affect section of the TABC 

resulted in a six-factor solution, with three of the factors containing only a single 

category; two of these did not correlate well with any of the other factors.  Since the scree 

plotvii indicated a three-factor solution, this solution was forced and the two latter 

categories were removed.  The final category groupings, which we name ‘Amiableness’, 

‘Calmness/Clarity, and ‘Aggressiveness’, are shown in table 5. 

Table 5.  
Category groupings for the affective measures of the TABC. 

 
FACTOR CATEGORY GROUPINGS 

‘Amiableness’ 
Agreeableness, Concern, Cheerfulness, Energy, Enthusiasm, 
Warmth, Excitement, Jokes/Chats, Praises, Smiles, Eye Contact, 
Uses Names, Pitch, Pace. 

‘Calmness/Clarity’ Calmness, Clarity. 

‘Aggressiveness’ Criticizes, Frowns, Physical Contact, Shows Frustration, 
Volume. 
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ANOVAs 

 The High, Moderate, and Low rank TAs were compared in terms of these three 

factors.  We found that ‘Amiableness’ was significantly different (F(2,51)=18.225, 

p<0.001) between the High and a combined Moderate and Low groups, but not between 

the Moderate and Low group.  We found a similar result for ‘Calmness/Clarity’ 

(F(2,51)=3.436, p<0.05).  Thus, the highly evaluated group of TAs were significantly 

more 'Amiable' and 'Calm and Clear' than the less highly evaluated groups of TAs. The 

bar charts in Figure 4 illustrate these results.  The data on ‘Aggressiveness’ yielded no 

statistically reliable result. 

 

Figure 4.  Bar charts of mean values of (a) Amiableness and (b) Calmness/Clarity for 
High, Moderate, and Low rank demonstrators. 
 
Correlations 

Correlations of the SETA categories with ‘Amiableness’ and with 

‘Calmness/Clarity’ are shown in table 6.   

 

 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

Table 6.  
Pearson correlation coefficient (r) between affective and SETA categories. 

 

CORRELATIONS Total Assistance Influence Fairness 

N 9 9 9 9 

‘Amiableness’ 0.751*     0.703*     0.801**  0.658*  

‘Calmness/Clarity’ 0.522  0.642* 0.290 0.204 
 

*significance level p<0.05, ** significance level p<0.01 
 
 

Figure 5 shows the two regression plots.  The ‘Aggressiveness’ variable showed no 

significant correlation with any of the SETA categories.  The range of behaviors gathered 

under the title of ‘Amiableness’ are clearly a valuable asset to a TA in achieving high 

student ratings, and in influencing their attitudes towards physics.  ‘Calmness/Clarity’ are 

also valuable attributes, but of less importance.  These results strongly indicate that the 

TA’s affective demeanor plays a vital role in student satisfaction and enjoyment in the 

laboratory. 

 

Figure 5.  Regression plots of average Total student evaluation of demonstrator versus (a) 
Amiableness and (b) Calmness/Clarity. 
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Student Interviews 

Selected excerpts from the interviews of students whose TAs are in the High, 

Moderate, and Low ranks are quoted in Appendix 2.  The excerpts include all the 

strongly positive and negative statements made by students pertaining to our measured 

variables (SI, TI, and the categories of table 5).  As can be observed, the students’ 

comments make similar distinctions between the three groups of TAs to those that we 

identified through statistical analyses.  We discovered that students appreciated TAs who 

exhibited behaviors that corresponded to our affective categories of ‘Amiableness’ and 

‘Calmness/Clarity’.  They also liked TAs who initiated interactions, since students 

believed that their own questions were not sufficiently important to disturb their TA 

whom they perceived as being very busy.  This point was elaborated through the student 

interviews.  

Summary of Results 

We have designed a measurement instrument (TABC) to measure some of the 

interactive and affective behaviors of laboratory TAs in a large first year physics course.  

The instrument is simple to use, produces good inter-rater reliability, and discriminates 

well between TAs exhibiting different behavior patterns.  Using the TABC we measured 

two sets of observationally reliable measures.  The first counted interactions between 

TAs and students, distinguishing between student- initiated and TA-initiated interactions.  

The second recorded observers' judgements about a variety of affective attributes that 

were exhibited during these interactions.    

We also developed and administered a 15-item student evaluation questionnaire 

(SETA) that asked students to evaluate a variety of different attributes of their teachers.   
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An ANOVA of the student evaluations grouped the TAs into High, Moderate, and Low 

rank.  As expected, we observed no correlation between students' evaluation and changes 

on a pretest and the labtest. 

 We found that the SETA provided a measure of TA effectiveness in terms of the 

TA’s ability to be helpful and to provide a positive influence on their students’ attitudes 

to physics.  In order to be useful, student evaluations should be independent of the grade 

the student receives from the TA.   When we apply factor analysis and logical grouping 

to the questions in the SETA, we observe that the student responses fall into three clear 

categories.  It is only in the category that asks students about their TA's fairness that the 

influence of their received grade is important.  However, the student responses to 

questions concerning other attributes of their TAs that we evaluate highly - the ability to 

positively influence students' view of experimental physics, and their usefulness as 

guides - showed no correlation with the grade assigned by the TA.  In addition, we 

observed a strong correlation between the evaluation of the TA and the students' 

appreciation of the laboratory and of experimental physics.  So, in the absence of more 

objective tests, it is in the areas of Influence and Assistance that we find a measure of TA 

effectiveness. 

ANOVAs of the interactive and affective measures obtained from the TABC 

between the High, Moderate, and Low ranks, and correlations between these measures 

and the student evaluations revealed some interesting patterns.  Highly evaluated TAs 

initiated more of the interactions with students, and had a higher frequency of total 

interaction than did the TAs who received lower evaluations.  Further, a range of 

affective dimensions that we defined as ‘Amiableness’ was highly valued by the students, 
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as was that of ‘Calmness/Clarity’.  The students in our study responded positively to TAs 

who were proactive in initiating interactions.  TAs who exhibited interactive immediacy 

helped diminish student apprehension and were considered by the students to be more 

effective teachers. 

Discussion 

The possible influence of students’ grades on student evaluations has generated 

considerable controversy; a good discussion can be found in Arreola (1995).  In our 

evaluations, evidence of such influence appeared only for those questions that were 

related to the perceived fairness of the TA.  We investigate this point in more detail in 

another paper.  Our conclusion is that, given carefully designed evaluation questions, 

students are quite capable of evaluating their teachers independently of the grade they 

receive. 

We speculate that undergraduates in very large first year classes are hungry for 

assistance from, and personal interaction with their teachers, yet often feel too timid to 

approach them.  A TA who initiates interactions in the laboratory relieves the student of 

this responsibility, and implicitly indicates their concern for the students’ welfare and 

progress.  The fact that students appreciate such TAs is hardly surprising.  What is 

interesting is that the frequency of these TA-initiated interactions increases the influence 

that TAs have on their students. 

Our results show that both the level of proactive exchange by a TA with students 

in the undergraduate laboratory and also the TA’s affective demeanor positively 

influence the students’ attitudes toward science as presented in the laboratory.  This, in 

turn, leads to a more positive attitude toward the laboratory and to physics in general, 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

findings that are consistent with other studies (McCrosky and Richmond,1992; 

Henderson et al., 2000; She and Fisher, 2003).    

The importance of the affective domain is often overlooked by physics educators 

who focus primarily on the cognitive domain.  For students in the life sciences who 

typically take only one year of introductory physics, the level to which they will 

understand physics is superficial.  However, the attitude and interest they take out of the 

course will impact them far more and may motivate them to further study of physics, be it 

formally or independently.  Alsop and Watts (2003) write, “There is far more to science 

education than cognition...feelings of enthusiasm, confidence and zeal are equally 

powerful motivators, so that learners are swept up in a flow of eagerness to learn...Critics 

of the affective domain will often claim that such considerations focus on making 

students feel good at the expense of being educated.  On the contrary, we argue that affect 

surrounds cognition."  In fact, Laukenmann et al.'s (2003) results show that well-being 

and interest, as cognitive emotional constructs in physics instruction, play a significant 

role in achievement.    

The implications of this study for the training of TAs - and other teachers of first 

year classes - are clear.  Given sufficient knowledge of the material, TAs must be  

encouraged to be proactive in interacting with their students, and to pay attention to 

affective issues; friendliness, appropriate use of encouragement and language, exhibitions 

of interest or enthusiasm. We are in the process of developing such training exercises in 

the department. 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

Acknowledgements 

We are very grateful for the strong support, both moral and financial, of the Department 

of Physics.   We also wish to thank Dr Barry McQuarrie, Ms Michelle Ladd, and Dr 

Nagina Parmar for their careful observations. 



Hazari et al.                   Electronic Journal of Science Education Vol. 7, No. 3, Mar. 2003 
 

Appendix 1.  The Student Evaluation of TA form (SETA) 

All students in the laboratory were asked to rate each of the following 15 statements on a 
5-point scale from Very Poor to Very Good, and to record their responses on a mark-
sense computer card.   
 
The promptness of my TA in marking and returning my lab notebook is: 
 The fairness of my TA=s marking of my lab notebook is: 
The availability of my TA to provide assistance during the lab session is: 
The availability of my TA to provide assistance if I needed it outside the lab session is: 
The usefulness of the assistance that I receive from my TA during the sessions is: 
The communication skills (i.e.comprehensibility) of  my TA is: 
The friendliness and approachability shown by my TA to me personally is: 
The fairness of my TA as  a teacher who has no favourites in the group and treats all 
students equally is: 
The energy and enthusiasm of  my TA in the lab is: 
 Independently of  the structure of the lab, the (positive) influence that my TA has had on 
my attitudes to physics has been: 
My TA=s knowledge and understanding of experimental physics as displayed in the lab 
is: 
The ability of my TA to stimulate me to think about my lab work is: 
Independently of my mark, the ability of my TA to inspire me to do my best work in the 
lab is: 
My overall rating of my TA as a lab teacher is: 
Independently of my rating of my TA, my overall rating of the First Year Physics 
laboratory is: 
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Appendix 2.  Student Interviews 

 HIGH 

'He keeps tracking our process' 

 '…its helpful (the initiation of the interaction by the TA)…its really good' 

'Whenever you call him, he comes within a minute' 

'If we don’t approach him, he’ll be sure to come up to us…its good…I find it hard to ask 

(for help)' 

'We couldn’t get through without his help' 

'He tries to always make himself available' 

'He praises' and 'He is not critical…he teaches in a positive way' 

'He criticizes but in a joking kind of way; you never feel bad afterwards' 

'He is very friendly; he stays after and talks to us' 

'The enthusiasm he has is really nice…sometimes (in the lab) its really boring, complicated 

things; the way he explains with enthusiasm makes it nice' 

'He is really an inspiring person through his enthusiasm' 

'He’ll make sure you understand' 

'He has improved my attitude' 

'I think he cares' 

'…I’ve been stimulated to enjoy it (physics)' 

'He does the job really good' 
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MODERATE 

'He comes by to see how we’re doing…he doesn’t do it too much though' 

'The lab is hard and I find I need more help and if he comes by more frequently then I think 

its better off for us' 

'He is sometimes busy and I go ask ‘when your done please come by’ and that happens a 

lot' 

'Whoever needs help, he spends more time with them'  

'Sometimes I don’t find it (his assistance) that clear' 

'It can be frustrating' (waiting for his help because he is explaining something to someone 

else) 

'Sometimes he is idle if we don’t ask for his help' 

'He is doing his job; he is not nice, he is not mean, he is just there' 

'I don’t think there is energy and enthusiasm…I don’t think I’ve ever seen him joke or 

smile' 

'He is quiet…he doesn’t joke but he does talk to us' 

'I never felt him to be concerned about anything…he is not cold, he is not warm'  

'I’ve seen him bored' 

'Its all about marks' (i.e. not inspiration by TA) 

'I’m not happy with my marks but its all relative to other people' 

'He is just doing his job; just being a TA' 
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LOW 

'He always goes around to everyone so we can rarely find him…just not enough demo for a 

group' 

'People call him more' (i.e. students initiate interactions more) 

'A little bit of hunting and you can find him' 

'He doesn’t come to you…we have to call him over' 

'He knows which people need more help so he goes over to them more often' 

'He’ll spend more time with one person because they’re weak at something' 

'…spends time with some people more than others' 

'…(sometimes) he just sits there' 

'The lab is mostly on our own.  If we don’t know how to do it, we don’t know how to do it' 

'After he explains, I don’t know what he is talking about so I continue sitting there 

cluelessly' 

'We don’t understand what he is talking about and he keeps on talking' 

'He might just do it for us but afterwards we don’t know what he did' 

'When he explains he is usually telling us what to do' 

'He explains everything complicated' 

'He is concerned that you’re on the right track but otherwise I’m not so sure' 

'He is not enthusiastic…he is just not' 

'He will criticize' and 'I don’t find him praising us' 

'No concern' 

'I can’t feel it' (TA’s warmth) 
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'Oh no (inspiration).  He is more like a guide along the experiment than an inspiration.  We 

do things on our own' 

'Not much (influence to attitude).  I still consider anything to do with physics tedious' 

'Nope' (TA stimulating interest in physics) 

'No, not inspirational' 

'I don’t like or dislike him…its just nothing' 

'He likes physics but is not enthusiastic teaching wise' 

'He doesn’t like to teach' 

'You don’t really get anything; you just do it (the lab)' 

 
Appendix 3.  Abbreviated version of the Behavior Catalogue (TABC) 

I. Time And Interaction Overview 

Part I of the form allowed for the recording of interaction types in tables that covered 10 
minute intervals, of which the first two are shown.  
 
SI – Student initiated interaction  
TI – demo initiated interaction 
NI – no interaction (>20 secs) 
 
0 TO 10 MINUTES  10 TO 20 MINUTES 
 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5  1 2 3 4 5 6 7 8 9 0 1 2 3 4 5  
SI                SI                SI 
T
I 

               T
I 

               TI 

N
I 

               N
I 

               NI 

 
II.  Physical Communication 

Part II of the form asked observers to rate the indicated communication variables on a 7-
part Likert scale.  
 
Volume of speech, Pace of speech, Clarity of speech, Pitch of Speech, Says um, ah, like, 
etc, Eye Contact, Smiles at students, Frowns at students, Physical Contact, Shows 
frustration, Criticizes students, Praises students, Jokes/chats with students, Uses student 
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names, Physical Energy (Movement), Mood, Physical Condition, OVERALL RATING. 
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i For the study TAs, the number of such times was extremely small – typically less than a dozen or so in a 

2-hour period.  While it made us appreciate just how very busy our TAs are, it was clear that all of them 

were equally so. 

ii The design for a G study includes the sources of variability and a specification of how they are related 

(crossed, nested, or a combination of the two).  In a crossed design, persons crossed with occasions 

indicates that every person was included (observed, tested, etc.) on every occasion; in a nested design, 

persons nested with occasions indicates that not all persons were included in every occasion (i.e. persons 

were observed, tested, etc., on different occasions).  Our G study, with three sources of variability, 'TAs, 

'occasions' and 'observers', is completely nested with observers nested within occasions and occasions 

nested within TAs. 

iii  On the other hand, a correlation of the students’ answer to question 14 alone ('My Overall rating of my 

TA as a lab teacher') was not significant for the 44 TAs, whereas it was significant for the 9 study TAs.  

This merely confirms the unreliability of the response to a single question. 

iv This is interesting in itself; implying that students tend to judge their TA as acting fairly insofar as they 

give the student a good grade; beginning students in physics, with only a high school experience behind 

them, are notoriously poor judges of their own ability! 

v For the individual TA scores, the ANOVA of (SI+TI) and (TI/SI+TI) indicated that the variances of the 

distributions of these variables were too dissimilar for the ANOVA to be a useful test (the Levene statistic 

was significant at the p<0.05 level).  The High, Moderate, and Low groupings did not suffer from this 

problem, and were therefore used whenever appropriate. 
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vi This analysis is weaker than the other ANOVAs since the Levene statistic, which measures the equality 

of variance of the different groupings, has a value of p=0.019 which is significant at our determined 

significance level of p<0.05.  

vii A screen plot is a graph of the eigenvalues (representing the amount of variance explained) versus the 

number of factors.   As more factors are added, more of the variance is accounted for.  After a certain 

number of factors the flattening of the curve indicates that it is pointless to add more factors since not much 

more of the variance is being explained. 

 

 

 


